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Editorial: Research on ICT in K-12 schools - a rewew of experimental
and survey-based studiesr Computers & Education 2011 to 2015

1. Introduction

What is the role of a journal? Is it to follow thesearch or lead it? For the former, it is to
serve as an archival record of the scholarshipfield. It can serve to permit the research
community to engage with each other via the writegord. But, for the latter, it can serve

the research community by pointing out gaps inrdsearch based on the archival record.
This review is intended to do just that.

In recent years there has been an increasing $itere how Information and
Communication Technology (ICT) has been used t@eod learning in schools. There are
several reasons for this growing interest. Fird@B has the potential to change the nature
of disciplines — it changes the sorts of questims can answer, the ways in which you go
about answering them, and the ways in which yotessmt your understandings. Secondly,
ICT provides new ways of supporting learners -hiarmges pedagogy. Thirdly, ICT opens
up access to information, and some claim thatadvides opportunities to widen access to
education (OECD 2015a, OECD 2015b). Finally, ICfeatly forms part of the daily lives
of children. There is therefore a need to devekgrders who can work critically and
function in an ICT-rich, connected society.

Many papers have been published by the educati@thinology research community
regarding the needs and effects of using ICT inctaesroom (Condie & Munro, 2007; Fu,
2013). Among the reported effects are an improvénmelearning and the development of
basic, transversal skills or competences. Soméeset studies are more teacher-centered,
focused on identifying the needs and barriers @F hdoption at school; others are more
student-centered, analyzing the effects that the af technology has on learner
performance. There is consensus among teachereéntstudies that successful
implementation of ICT requires the involvement tilidents, teachers, senior leaders in
schools and policy makers as part of the processr(fdz, 2000; Ringstaff & Kelley, 2002;
Fu, 2013). In terms of educational policies, a neceview, developed by national and local
governments of Norway, Flanders and England, aedlythe content features of
educational curricula for primary education (Aesa®anderlinde, Tondeur, & van Braak,
2013). The results of the aforementioned reviewgsagthat curricula emphasize the need
for developing a critical, safe and responsible efseducational technology. With regards
to student-centered studies, the technical reppi€dndie & Munro (2007) analyzes the
results from a literature review of over 350 puindid articles that reveal the positive impact
of ICT use on student performance at school. Tiudyshighlights the fact that ICT has the



greatest impact on student performance when inctuded as a regular part of the
classroom experience. Research has also shownthibause of ICT also improves
motivation and engagement, resulting in greatersipience and a more profound
understanding among students (Underwood, 2009). o&itipe impact on student
performance has also been obtained with particidenhnologies. This is the case, for
instance, of mobile technologies, according tordaew by Wu, Jim, Chen, Kao, & Lin
(2012).

However, and despite these positive findings raggrthe use of ICT in schools reported
in the literature, a major review of the impact IQfT in education across phases of
education (Luckin, Bligh, Manches, Ainsworth, Crp8kNoss, 2012) found that “evidence
of digital technologies producing real transforroatiin learning and teaching remains
elusive” (p.8) and “much existing teaching practicay well not benefit greatly from new
technologies” (p.64). This view was supported bneeent analytical report by the OECD
(OECD, 2015a) that suggests that the embedding, thnsl impact, of technology in
education remains sub-optimal. The report by OE@i3¢gnts a comparative analysis of the
digital skills acquired by students in 64 countri@ OCED countries and 30 partner
countries). The main findings are that as currenfigd in these countries: (1) the use of
computers in the classroom is still very low (of8% of students reported that they use
the computer in the classroom); (2) students wipmntea moderate use of computers at
school achieve better learning outcomes than tidse use them rarely, but worse than
those who use them very often; (3) the use of caempuat school does not lead to
appreciable improvements in students’ reading, ematttics or science skills; and (4)
technology does not help bridge the skills gap betwadvantaged and disadvantaged
students. That is, this report points out thatwags in which ICT has been used so far are
not having the expected beneficial impacts. Theegfthere is a need of exploring new
approaches in which technology is embedded moeetftly in education.

Computers & Education is considered one of the nrdktential journals in the field of
educational technology (Zurita, Merigo, & Lobos-@sdon, 2015) and is positioned in the
top 5% in its category by Thomson Reuters through ournal Citation Report in both
Social Sciences Citation Index (SSCI) and Scientaién Index (SCI). Given the findings
reported by the OECD, we contend that the educatitechnology community has the
responsibility to open a debate and a criticaluison abouhow we address the study of
the impact and adoption of ICT in schools, and hoWCT has contributed to improving
student learning, competences and skills developmenTo this end, this editorial
presents aystematic, quantitative review(Green, Johnson, & Adams, 2006; Pan, 2008,
pp. 1-5) of the studies published@omputers & Education over the last five yeargrém
2011 to 201%. Our aim is to learn from the most cited publicas and shed light on how
future research within the educational technologymmunity should be conducted.



This systematic review of the impact and adoptibrCd@ in K-12 schools looks to provide
an overview of current research in Computers & BEtioo and address the problems
reported by the OECD (OECD, 2015a). Specificalgyen research questions (RQ) that
arise from the main research objective are adddasshis review:

RQ1. Which papers have been the most cited ovagrabefive years?

RQ2. Where was the research carried out?

RQ3. Which disciplines were addressed?

RQ4. Which levels of education were addressed?

RQ5. Who are the study participants and what agectimpetences aimed to be

improved of these participants?

RQ6. Which methods were used to analyze the imgaption of technology in

school settings?

RQ7. How was this research funded?

2. Methodology

The methodological approach adopted for this papesists of a systematic review (Green
et al. 2006; Pan, 2008, pp. 1-5). Systematic liteeareviews are a form of research that
help bring a new perspective to the topic thatelewed and generate new knowledge
(Kitchenham, 2004; Torraco, 2005). Other studies emfucational technology have
previously used this methodological approach asamédwork for organizing a literature
review, especially in the field of science eduaati®&ikandi, Morrow, & Davis, 2011;
Manathunga & Hernadndez-Leo, 2015).

The major advantage of the systematic review agpros that “it provides information
about the effects of some phenomenon across a raigge of settings and empirical
methods” (Kitchenham, 2004 p. 2). In this case,im@ude publications addressing the
problem from the perspectives of the different stlatakeholders of how technology has
contributed to improving learning. A second advgates that systematic review has proven
to be effective for reviewing, analyzing, critiggirand re-conceptualizing knowledge in
mature areas in order to identify gaps in curresearch and formulate a research agenda
that poses new ideas and directions for futurestigation in the field.

The systematic review process was articulated iaflg the three steps proposed by
Kitchenham (2004)planning the reviewconducting the reviewndreporting the review
The following subsections describe the first twaagds of the review, highlighting the
importance of this work as well as detailing how therature review was organized, how
the corpus of papers was selected, and the prttaiseas followed by the reviewers. The
reporting of the results can be found in section 3.



2.1 Importance of the review

Before carrying out this study, we conducted prelany research to identify whether a
similar literature review on the topics addressethis paper was already available. For this
research, we formulated a search clause in theuSatgtabase. This database is commonly
used in the field of educational technology becaitsencludes the most relevant
publications of peer-reviewed scientific journaistiis area (considering impact factor), as
well as in other related fields such as Social 18ms, Engineering and Computer Science
(Falagas, Pitsouni, Malietzis, & Pappas, 2008). dine of the search clause in Scopus was
to detect the main terms related with the rese#octs, i.e. “review”, “school”, “K-12",
“technology”, and “ICT?, in the title, abstract and keywords of any pameslished since
the beginning of 2010. This query did not returry aasults. The same outcome was
obtained when deleting the word “technology” or ward “school” from the search clause.
One paper was obtained when deleting the word “J®ut this paper did not turn out to be
representative. Finally, when deleting the word K- from the search clause, the query
returned 62 papers. However, of these, the onlersatnat actually consisted of a review
were either focused on a particular region (e.@ndgiKong (Lam & Woodhead, 2012),
China, USA (Alamin, Shaoquing, & Le, 2015), Soutfrida (Goosen & Van Der Merwe,
2015), etc.), or on a particular area of knowledlgaguage learning (Yang, H., 2012),
music education (Southcott, & Crawford, 2011), )efthese papers therefore do not offer a
broad perspective of how ICT is employed in K-1Bals, thus justifying the need for this
review.

2.2 Planning the review: organization of the systeatic review

2.2.1. Paper Selection

The initial step before conducting the review cetesi of selecting the corpus of papers for
subsequent analysis. Since the aim of the paperpsint out gaps in the research on the
impact of ICT in K-12 schools to capture somehowaivis currently happening in the
educational technology community, we consideredepmapublished in Computers &
Education over the last five years, from the begigrof 2011 to the end of 2015. Scopus
was selected as the database for conducting teerfi process. Although we could have
used the Science Direct database, which is dirdictked from Computers & Education,
we preferred using Scopus for two reasons. FirSityppus includes features for generating
advanced queries and saving them. This facilitéedprocess of filtering the corpus of
papers related with the impact and adoption of I€K-12 schools from among all of the
papers published in Computers & Education betwe@hl2and 2015. Secondly, this
database also offers features for exporting thelteefrom searches as spreadsheets, thus
facilitating any subsequent analysis.

1Query:TITLE—ABS—KEY(school, K-12, technologyeview, ICT) AND PUBYEAR > 2010



The specific key words used for the filtering pregenvere “school” OR “K-12" OR
“classroom”, and the search included titles, albsirand keywords The aim of choosing
“school” as a key word was to include any paperen@hresearch was conducted in
secondary school, primary school and/or pre-schboé term “K-12” was used so as to
include any studies using the American nomenclattireally, “classroom” was chosen in
order to include any papers that do not specifyiéhening setting, but where technology is
used in school.

Computers & Education published 1,216 papers betwesmuary 2011 (volume 65) and
December 2015 (volume 90)These 1,216 papers were filtered using the Scdptabase
and the keywords mentioned above. The result wpsah of 511 papers, which were
defined as the corpus of analysis. From this p@®, papers were selecfezhd 159 papers
were excluded because of a lack of experimentadai@dn in their methods, or because the
sample of the study was not in K-12 education (&abl. Exceptions to the latter were
studies reporting results on pre-service teachacan. As pre-service teachers are the
future of ICT use in K-12 schools, these studiesewberefore included in the analysis,
considering the teachers as study participantss Important to note that this study is
focused on experimental and survey-based studiéslaes not consider research that is
exploratory (finding out what is happening and whwith no intervention, other than the
researcher’s presence/data collection).

Table 1 Results from the selection process

Selection results No of papers
Included 352
Excluded (No experimental validation) 17
Excluded (Participants over 18 years old) 142
Papers on the corpus of analysis 511

2.2.2 Mapping the research questions onto the data

Each of the research questions was matched to on®i@ categories for conducting the
systematic review. Table 2 shows the complete distresearch questions that were
addressed and a description of the analytical categjthat were defined.

2 Query: "(SRCTITLE(computers and education) ANOTE-ABS-KEY (school) OR TITLE-ABS-KEY(K-12) OR TITLEABS-
KEY(classroom)) AND DOCTYPE(ar) AND PUBYEAR > 20HND PUBYEAR < 2016 AND ( LIMIT-
TO(EXACTSRCTITLE,"Computers and Education") )"

3 Query: (SRCTITLE(computers and education) AND FERR > 2010 AND PUBYEAR < 2016 AND ( LIMIT-
TO(EXACTSRCTITLE,"Computers and Education") )"

4 Pool of papers (N=352) considered in this study:
https://docs.google.com/spreadsheets/d/10Z3uCBtHEE_aekqj3su_8wWhbaV_049h6Wod1ll/edit?usp=sharing



Table 2List of research questions and associated categfai¢he analysis.

Research question (RQ) Categories (C)

RQ1. Which papers have been (Cla) Number of Citations in Scopus; (C1b) NumieCitations in
the most cited over the past five Google Scholar.

years?
RQ2. Where was the research (C2) Corresponding author affiliatioAfrica, Asia, Eastern Europe,
carried out? Latin America & Caribbean, Middle East, North Anterj Oceania

and Western Europe

RQ3. Which disciplines were  (C3) Disciplines based on a modified version oftdlee@nomy of

addressed?* knowledge domains adopted in Wu et al. (20H2)manities; Social
SciencesNatural Sciences; Formal Scienc@ghich includes
MathematicsTeaching Computer Sciena@ndRobotics Professions
and Applied Sciencewhich include Education, Engineering, Health
Sciences and Law, affdansversalcross-disciplinary studies or
studies addressing 2tentury competencies, such as collaboration,
communication, etc.).

RQ4. Which levels of education (C4) Education level defined according to tA&s2age organization

were addressed? mechanismPre-school(4 years or underRrimary (5-11 years old),
Secondary(12-18 years old) an8chool in Generalwhen the age of
the children is not specified).

RQ5. Who are the study (C5a) Main study participants, which can be teaghgudents,
participants and what are the  parents or administrators/head teachers; (C5b) kéaums of the
competences aimed to be research, an open space in which to write the [mpmgic of study.

improved of these participants? This last category is proposed to identify the cetepces aimed to be
improved/analyzed on the participants in the study.

RQ6. Which methods were used(C6a) The data gathering techniqugsdgntitative qualitative mixed;
to analyze the impact/adoption (C6b) Participants, distinguishing between stuthes involve study

of technology in school participants in the design of the solution fromshdhat do not; (C6c)

settings?* Period during which the intervention is applied; period in which
the experiment takes place; and (C6d) Number dfgizaints in the
experiment.

RQ7. How was this research  (C7) Funding source according to the acknowledgmieiuded in

funded? the paper, distinguishing betwepnvate public or local funding(i.e.

when the funds come from the institution carrying the research).

*More information on these categories is includedhie results section (Section 3).
2.3. Conducting the review: a three-phase approach

In Phase 1three researchers, experts in the area of Techypdiothanced Learning
participated in annitial review process The reviewers classified and coded the papers
according to the categories defined in Table 2|yairay only the title, keywords and
abstract of the papers. This process was carriedising a shared Google Spreadsheet
This Google Spreadsheet was configured as a conoeprix including the different
categories (the main units of analysis) in ordersyothesize the analysis (Webster &




Watson, 2002). For some units, this matrix alsdushed a list of proposed attributes in
order to ensure the consistency of the analysis. éxample, for the categor{C2)
Corresponding affiliation of the main authtiiere was a drop-down menu to indicate the
region of the main author (Africa, Asia, Easternrdpe, Latin America & Caribbean,
Middle East, North America, Oceania and Westernopey. The 352 papers were
distributed among the three researchers. In a semmmd, the researchers reviewed the
papers analyzed by others so as to guarantee ngisand agree on their categorization,
especially for papers tagged as “not clear” byfitlse reviewer.

After this first phase, we detected that some aslenformation was not contained in the
title, keywords or abstract of the papers. For eamsome papers did not include
information about the number of participants ineavin the experimental design. Others
did not specify the research design, while nonthei referred to the funding sources in
the abstract.

In Phase 2the attributes missing from the first round weomnpleted. A fourth researcher

was invited to participate in this phase. This aeseer reviewed all the papers, analyzing
both the methodology and acknowledgement sectior@der to complete the attributes
related to categories C6a, C6b, C6c, C6d, and @bI¢€T2). Subsequently, two of the
researchers that participated in the first phaseeweed any papers in which this

information was not clearly stated so as to conhttias analysis and discuss their final
decision, thus guaranteeing consistency.

In Phase 3 the resulting spreadsheet was analyzed usingstidiestical software tool
StatalC 14 to evaluate the integrity of the datat thas extracted. The results from the
paper categorization were tabulated in order tedetny repetitions and ensure that the
information was complete. In this phase, incompkgteibutes were detected, as well as
inconsistencies between words with the same medmningwritten differently (e.qg.
“behavior” or “behaviour”).

Following this three-phase process ensures botletlability and the validity of the review
(Read, 2013). The analysis of a large number ofighudd papers ensures the reliability of
the process, as well as the consistency of the lesioos. The corpus of
analysis (352 papers) represents a significant lptipo of published studies. Additionally,
papers were also selected from one of the mosil goiernals in the field of educational
technology, which ensures that certain quality déads are met. Furthermore, two
mechanisms were used to ensure the internal ardnektvalidity of the analysis. Firstly,
four researchers cross-analyzed the papers that sedected by reviewing and discussing
the categories assigned to each paper from differenperspectives.
Secondly, a systematic procedure was used fortsequapers, thus ensuring the validity
of this study.



3. Reporting the review: descriptive results and dicussion

RQ1: Which papers have been the most cited over the past five years? Scopus & Google
Scholar Citations

Error! Reference source not found. shows the number of publications selected for each
year, and the range of citations according to Ssggnd Google Scholar. Since Google
Scholar not only includes citations in scientifithfications but also in dissertations, books,
pre-prints, and technical reports, among otheesntimber of citations per paper is greater
than or equal to those in Scopus. In order to deter the most cited papers, we identified
the papers that were responsible for 50% of thaicits in both the Google Scholar and
Scopus, from among the selected pool of paperghigrsense, 50% of citations were
concentrated among 15.45% of the papers, i.e. 3%dfpapers. These 54 papers are taken
as the list of the most cited papers. Moreoved, anshown in Figure 1, most publications
are distributed in the lowest number of citatiomsading to both Scopus and Google
Scholar. The most cited papers considered in thdysare listed according to their number
of citations in Annex |Error! Reference source not found. describes the results
obtained from the analysis of all the selected ma@¢=352), and compares them with the
results of running the same analysis with the st papers (N=54).

We select the most cited papers as a measure wrstadd the impact of the research
analyzed, however this method has some limitati¢isstly, there is a long time lag
between a paper being published and citations ajpgeaso more recent papers will
inevitable have fewer citations. Secondly, citagioimdicate that the paper has been
referenced elsewhere but tells you nothing aboet rthture of the reference — so, for
example, the referring paper may be critiquingréferenced paper (which would suggest
that that citation was not an indicator of influehc

Table 3 Description of the papers included in this review

2011 2012 2013 2014 2015
All papers included in the review (N=352)
Number of papers 76 61 73 71 72
Range of Google Scholar citations per paper (max139-2 86-1 96-0 29-0 7-0
min)
Range of Scopus citations per paper (max-min) 63-0 44-0 46-0 17-0 4-0
Average citations per year in Google Scholar 40.69 29.59 20.00 8.5 1.55
Average citations per year in Scopus 18.76 12.06 8.50 3.49 0.46
Most cited papers (N=54)
Number of papers 29 17 8 0 0



Range of Google Scholar citations per paper (maxt39-31 86-38 96-42 - -

min)

Range of Scopus citations per paper (max-min) 63-14 44-10 46-14 - -
Average citations per year in Google Scholar 73.45 59.90 61.10 - -
Average citations per year in Scopus 33.66 25.70 25.60 - -

d papers

N°® of publishe

T T I T I T I T . T T
N

N° of citations
Scholar ®Scopus

Figure 1 Histogram of the papers according to the numbegitations in both Scopus and Google Scholar. Tineré
shows that most publications are distributed inltfneest number of citations and that only a fewgramccumulate most
of the citations.

RQ2: Where was the research carried out? Corresponding author affiliation

The region of the corresponding author affiliatilas analyzed to identify where the
selected studies were conducted. Although the audlfffdiation does not necessarily
indicate the country where the study was condudtéslan indicator of the investment that
different countries make on this type of reseail@dble shows the eight different regions
that were considered in the study. The most prodeaegion in terms of numbers of
papers published is Asia, with 33% (N=117) of dlk tselected papers, followed by
Western Europe (23%; N=82) and North America (2N472). Thus, three regions of the
world produced more than 75% of the published meseegarding the use of ICT in K-12
schools. When analyzing the most cited papers,bseroe that this percentage increases to
83%. It is worth noting that most of the reseamnchthe field cannot be generalized for
underrepresented regions, such as Africa, Easteropg, Latin America, Middle East or
Oceania. In the breakdown by regions, it is wonthing that 73 of 117 (62%) of Asian
papers are from Taiwan. In Western Europe, from8theapers, the leading countries are

9



United Kingdom (N=15), Belgium (N=14), and the Natlands (N=14). Finally in North
America, United States is the leader of the reseaith 92% of the papers published in the
region (N=66).

Table 4Number of published papers per region accordingpteesponding author affiliation

All papers included in the Most cited papers

review
Region No. of papers % No. of papers %
Africa 2 1% 1 2%
Asia 117 33% 21 39%
Eastern Europe 18 5% 2 4%
Western Europe 82 23% 12 22%
Latin America & Caribbean 18 5% 3 5%
Middle East 30 8% 1 2%
North America 72 21% 12 22%
Oceania 13 4% 2 4%
Total 352 100% 54 100%

RQ3: Which disciplines were addressed?

Table 5 shows the disciplines in which the stueiese conducted; that is, the knowledge
area of the course or educational event in whiehstiidy takes place. In some cases, what
the authors of the study want to achieve or imprieveelated with the discipline, but in
some cases it is not (i.e. the study takes plaeecmurse on Calculus — the discipline would
be Mathematics —, but the authors aim is to impstueents’ collaboration skills — which
in this study would correspond to the ‘Transversategory (see below)). Table 5 also
indicates the number of papers in each discipl8ir.disciplines were considered in the
analysis based on a modified version of the taxgnhadopted in Wu et al. (2012):

(1) Humanities, which include history, language &nguistics, literature, arts, etc.;

(2) Social Sciences, which include economics, $ogig gender studies, etc.;

(3) Natural Sciences, which include chemistry, pdg/dife sciences, etc.;

(4) Formal Sciences, which include (4a) Mathematidb) Computer Sciences, and (4c)
Robotics. Although Wu et al (2012) included Mathéo® Computer Sciences and
Robotics within a common category; we treated tlaanthree discrete categories because
these were categories employed in several of therpanalyzed.

(5) Professions and Applied Sciences, which incledkication, engineering, health
sciences, law, etc.

(6) A new category which we labeled as “Transvértalrefer to: (1) cross-disciplinary
studies, intervening or taking place in more thae discipline; and (2) studies focusing
mainly on the development of transversal skillscompetences such as collaboration,
critical thinking, etc. It also includes those papéhat analyze how ICT is used in an
educational context for professional or administeapurposes.

10



Table 5Number of published papers per discipline

All papers included in the Most cited papers

review

Discipline No. of papers % No. of papers %
Humanities 55 15% 11 20%
Social Sciences 6 2% 1 2%
Natural Sciences 58 16% 19 35%
Formal Sciences (Total) 53 16% 4 8%

Mathematics 30 9% 2 4%

Computer Sciences 21 6% 2 4%

Robotics 2 1% 0 0%
Professions and Applied Sciences 22 6% 3 5%
Transversal 158 45% 16 30%
Total 352 100% 54 100%

The studies in most of the selected papers ardirattly related to a particular discipline;
rather they are cross-disciplinary studies, inteivg or taking place in more than one
discipline (45% classified as Transversal; N=198)is trend is followed by 16% (N=58)
of selected papers addressing Natural Sciences,(l5%b) focusing on Humanities, and
9% (N=30) on Mathematics. Interestingly, Table Yeads that among the most cited
papers, the most popular discipline was Naturaérsms (35%; N=19), followed by
Transversal skills (30%, N=16).

PISA assesses Humanities, Natural Sciences andeMatits and, since 2015, transversal
skills as well, such as collaboration (De Jong,Z20TConversely, our review shows that
most of the articles published in Computers & Ediocareport mainly on transversal
disciplines but not on the specific disciplinesessed by PISA. Another interesting finding
is that Mathematics is represented in a smallgpgotmn of published papers compared to
Humanities and Natural Sciences. This could betdwelimitation of our study, as we are
only considering papers published in the Compugeisducation journal, although there
are other quality journal publications in mathemstieaching that we are not taking into
consideration. Moreover, when analyzing the mostdcpapers, the proportion of papers
focusing on Language and Natural Sciences incresagesicantly, while the proportion of
papers focusing on Mathematics halves.

RQ4: Which levels of education were addressed? Levels of education

The following levels of education were considered this category: pre-school, for
interventions with children aged 4 or under; priypdor interventions with children aged
between 5 and 11; secondary, for interventions whildren aged between 12 and 18; and
school, for interventions with school children whdhe age is not explicitly indicated.

11



Additional categories were also included wherediveas a combination of levels that were
addressed simultaneously in the papers that weaé/zed: pre-school + primary, and

primary + secondary.

Table shows that 165 of the selected articlesdamruSecondary education (46%; N=165),
of which 145 looked exclusively at Secondary edocat40% (N=141) of the papers focus
on studies conducted at Primary level, of which H® focused solely on Primary

education. In terms of the most cited papers,

Table shows that the most relevant papers areettiet focus on one single level of
education.

Table 6 Number of published papers per Level of Education

All papers included in the Most cited papers

review

Level of Education No. of papers % No. of papers %
Pre-school 10 3% 1 2%
Pre-school + Primary 2 1% 0 0%
Primary 119 34% 21 39%
Primary + Secondary 20 5% 0 0%
Secondary 145 41% 22 41%
School (unspecified) 56 16% 10 19%
Total 352 100% 54 100%

Finally, Table 7 shows the cross-analysis of tvelkof educationvith disciplines (RQ3).
We identified that most of the papers classifiedTasnsversal intervene in Secondary
education (74 papers, from which 57 are solely etcd®dary Education), Primary
education (67 papers, from which 50 are solelyroh&y Education), or School in general
(27 papers). Only 7 papers classified as Transvareaaimed at a pre-school level (Table
). In addition, we observe that most of the pam#assified on the Computer Sciences
section intervene mostly in Secondary education gafers, from which 10 papers are
solely of Secondary Education), followed by Primaducation (2 Pre-school + Primary
and 6 Primary).

Table 7Number of papers per Level of Education and Disogsl

Level of Human Natural Professions & Formal Sciences

Education -ities Social Sci. Applied Sci. Computer Trans
Sci. Math Sci. Robotics versal

Pre-school 2 0 0 0 0 0 1 7

Pre-school

+ Primary 0 0 0 0 0 2 0 0

Primary 27 1 22 4 9 6 0 50

Primary+

Secondary 0 0 2 0 0 1 0 17

Secondary 22 4 28 7 17 10 0 57

School 4 1 6 11 4 2 1 27
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RQ5: Who are the study participants and what are the competences aimed to be
improved of these participant®

Table 8 shows study participants in the researatieds C5a) categorized as: students,
teachers, parents and head teachers/administratisscategory was proposed in order to
identify the participants that are targeted in eattidy, that is, whether the focus of the
research is to analyze/improve teachers, studpatents or administrators/head teachers’
competences. In 77% (N=269) of the studies, theqggaants are the students, of which 240
studies are purely student-centered, without cemsig any other participants. Although
published research stresses the importance ofdemsy how teachers are using ICT in
schools and for what purposes (Fu, 2013), only 30P4106) of the studies consider
teachers as part of study participants or studypgaf(this includes Teachers Solely, and all
possible combinations of teachers plus any othdicgzant). Of this latter group, only 76
papers are purely teacher-centered. Figure 2 shwevsvolution of the predominant study
participants (teacher- and student-centered) aver. t

Table 8Number of published papers per study participants

All papers included in the review  Most cited papers

Study participants # of papers % # of papers %
Students 240 68% 35 65%
Teachers 76 21% 15 28%
Parents 3 1% 1 2%
Head Teachers / Administrators 3 1% 0 0%
Teachers + Students 21 6% 3 5%
Teachers + Administrators 1 0% 0 0%
Teachers + Students + Parents 2 1% 0 0%
Teachers + Students + Head

Teachers/Administrators 4 1% 0 0%
Teachers + Students + Head

Teachers/Administrators + Parents 2 1% 0 0%
Total 352 100% 54 100%
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& Student Cent

Figure 2 Proportion of papers published per year accortbriyedominant study participants within the corfieacher-
and student-centered papers).

We also examined the main research foddSb( of the selected studies, which was
classified according to the topics presented inld &b In contrast to the disciplines, the
focus of these cases was on participants’ specifilnpetences that the research aimed to
enhance rather than on particular disciplines. @hemgegories were not defined from the
beginning; instead they emerged throughout theeveyrocess and were added to the
analysis when they were addressed by at least ffajeers. Any category covered by only
one or two papers is included under “other”. Tablshows that 39% (N= 127) of the
papers focus on studying how to improve competeigestified as 2% century skills
(Finegold & Notabartolo, 2010), with 12% (N=43)tbk papers addressing ICT operations
and conceptsagpects that have to do with the operation of ICT (using a program, for
example) and concepts such as network, internet, etc.). When examining the most cited
papers, the results show that 17% (N=9) of the fsapddress the interaction of study
participants (both, teachers and students) withrielogy; i.e., analyzing user interface
interactions, logfiles with the systems, etc. Theshtited papers are followed by those that
explore how to improve learning in a particularitopr area (13%; N=7), as well as those
that address motivation (13%; N=7).

Our review reveals that 17% of the papers focusaoalyzing/improving participants’

learning outcomes, 13% of the papers analyze ttezaiction of the participants with a
particular technology/tool, and 12% focus on analyZmproving competences related
with ICT operations and concepts. In addition, Wwearve that most of the articles included
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in this systematic review explore transversal krealge and abilities, such as the so-called
21% century skills.

With regards to the development of2dentury skills, experts considered the possibaity
reformulating the PISA instrument in order to irdduthem (De Jong, 2012). The
assessment of problem solving and financial skillss already included in 2012, and
collaborative problem solving was incorporated Bil2 Research that is published on
transversal skills should therefore inform thesegaamg discussions about the PISA
programme and further work on student assessmbateTlresults suggest that there is a lot
of research within the community that aims to inyaréransversal skills. This might have a
positive effect on future PISA examinations thafude assessment of such skills.

Table 9Research aim of papers included in the review

Most cited papers of those

All papers included in the review included in the review

Research aim No. of papers % No. of papers %
21% Century Skills
ICT Operations and concepts 43 12% 6 11%
Creativity/Innovation 4 1% 0 0%
Critical Thinking 22 6% 3 5%
Problem solving 7 2% 3 5%
Collaboration 24 7% 4 7%
Information Literacy 13 4% 0 0%
Flexibility and adaptability 2 1% 0 0%
Initiative and self-direction 11 3% 1 2%
Productivity 1 0% 0 0%
Leadership and responsibility 9 3% 0 0%
Other
Assessment 24 7% 3 6%
Beliefs 21 6% 6 11%
Disabilities 4 1% 1 2%
Inequalities 4 1% 0 0%
Interaction 47 13% 9 17%
Learning 61 17% 7 13%
Motivation 23 7% 7 13%
Orchestration 4 1% 1 2%
TPACK/TPCK Instruments 7 2% 2 4%
Other 21 6% 1 2%
Total 352 100% 54 100%

By cross-analyzing the papers that address the rmeguent Research Aims with
Disciplines (RQ3) (Table 10), we identified that ®f 40 papers that studied ICT
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operations and interaction are focused on improwingnalyzing Transversal Skills, while
studies about learning are focused on a particdisecipline (N=61) and papers about
motivation (N=23) are mainly focused on Humaniteg ransversal Skills.

Table 10Disciplines of papers focused on ICT Operations@adcepts, interaction, learning and motivation

Most . Formal Sciences
frequent Human Natural Professions &
research  -ities Social Sci. Applied Sci. Computer Roboti Trans
aim Sci. Math Sci. cs versal
ICT
Operations
and
Concepts 2 1 2 1 1 0 31
Interaction 8 1 7 1 4 0 25
Learning 10 2 17 6 10 5 1 10
Motivation 8 0 1 2 2 1 1 8

RQ6: Methods used

We analyzed four aspects related to the methods indbe studies (Tables 11-17). Firstly
we looked at the nature of the data collected (C6&jen that our criteria for selecting
papers all of the studies that we analyzed werergpfinom an objectivist stance. Within
this overarching objectivist framework, the studid&l vary in the data gathering
techniques. We have categorized these as Quardit&ualitative and Mixed. The results
in Table 11 show that most of the papers collededntitative data (50%; N=176),
followed by a mixture of quantitative and qualiwatidata (34%; N=121).

Table 11Data collected within the papers included in theew

All papers included in the Most cited papers of those

review included in the review
Research method No. of papers % No. of papers %
Mixed 121 34% 17 31%
Qualitative 55 16% 8 15%
Quantitative 176 50% 29 54%
Total 352 100% 54 100%

The second aspect that was analyzed was the imaelveof participants in the study
(C6b). Since this study only focus on experimental andey-based studies and does not
considers exploratory research (research conduotathderstand a problem that is not
clearly defined), we categorize the papers betwseries where the technological
intervention or solution that is proposed is coigiead or considers the feedback or needs
of study participants and those where it does Wa.considered the former as any paper
where the research method that is followpdlfs information from the user to build up the
solution”. The Design-Based Research methodologgnV& Hannafin, 2005) is one
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example of such a method. When the research metbesl not take into consideration the
study participants in the design of the solutidtreytare pushing” the solution. When the
focus of the analysis is an instrument for assgsairparticular skill or competence, we
classify this as “Not applicable” (Table 12). Inmtes of the involvement of participants,
Table 12 shows that most of the research that mslwtted does not consider the study
participants in the solution that is proposed. Yo (N=85) of the studies considered the
study participants in the solution proposed byghaper. For example, 4 papers in the latter
group followed a Design-Based Research approach.

Table 12Research method adopted by all of the papers iadludthe review

All papers included in the Most cited papers of those

review included in the review
Research method No. of papers % No. of papers %
Not applicable 38 11% 8 15%
Does not consider the study
participants in the solution 229 65% 34 63%
Considers the study participants in the
solution 85 24% 12 22%

100

Total 352 % 54 100%

The third aspect that was analyzed was the peroosa which the data were collected
(C60 (see Table 13). In this case, we distinguish betwshort-term interventions (less
than five weeks or 5 sessions), middle-term intetieas (between 5 and 12 weeks or
sessions) and long-term interventions (more thawd@ks or 12 sessions). The distinction
between middle-term and long-term was defined sering the number of weeks in a
typical school term. Additionally, we classifiedyapaper that analyzed data captured in a
single intervention or existing data that did neguire further data collection (e.g.
validating a survey instrument) as “Not applicablé’no information was given regarding
the number of sessions or weeks for the study tzkism, the paper was classified as “No
information”. Table 13 reveals that 21% (N=75) dfetpapers propose long-term
interventions, followed by 14% (N=50) that propeseldlie-term interventions, and short-
term with the 9% of the papers (N=31). In the cab¢he most cited papers, there is a
significant increase in the percentage of shortrtietterventions, 15% (N=8).

Table 13Intervention period used for the studies includethe review.

Most cited papers of those

All papers included in the review included in the review

Intervention period No. of papers % No. of papers %
Short-term 31 9% 8 15%
Middle-term 50 14% 6 11%
Long-term 75 21% 9 17%
Not applicable/No

Information 196 56% 31 57%
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Total 352 100% 54 100%

The last aspect that was analyzed was the numbgeart€ipants in the studyCEd) (See
Table 14). Table 14 shows that 9% (N=31) of theepsproposed studies involving
between 1 and 20 participants, followed by 36% (BB)1lthat involve between 20-100
participants, and 21% (N=76) of the studies thabive between 100 and 250 participants.
Only 9% (N=30) of the studies involve between 5004 participants. Furthermore, we
see that 48% (N=26) of the most cited studies wevdletween 1 and 100 participants, and
24% (N=13) between 100 and 250.

Table 14Range of participants in the papers included irr¢véew.

Most cited papers of those

All papers included in the review included in the review

Range of participants No. of papers % No. of papers %
1-20 31 9% 5 9%
20-100 126 36% 21 39%
100-250 76 21% 13 24%
250-500 42 12% 3 6%
500-1000 30 9% 6 11%
>1000 47 13% 6 11%
Total 352 100% 54 100%

Finally, we conducted a cross-analysis of soménefvariables (Tables 15, 16 and 17). In
Table 15 we can observe that the pattern for tmebeu of participants involved differs for
studies using quantitative data, where 54 out & pdpers involve less than a hundred
participants, and 62 involve between 100 and 500ggzants.

Table 15 Comparison ofsample size against research method (excludinggapsmlving other combinations and those
with no information regarding the level of educajio

Sample size
Research Method 0-20 20-100 100-250 250-500 500,00 >1000 Total
Mixed 4 55 33 14 6 9 121
Qualitative 24 20 6 3 1 1 55
Quantitative 3 51 37 25 23 37 176

When cross-analyzing the periods of interventiorrdlation to the Level of Education

(Table 16), we observe that 31 of the 75 long-tetodies take place specifically in
Primary (N=32), and 26 are solely focused on Seapneducation. This distribution

between Primary and Secondary education changemiftatle-term studies considering
that the number of papers focused on Secondargleh and this difference between the
two educational levels is not observed in shoratstudies.
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Table 16Comparison of intervention period with the LeveEafucation (excluding papers involving other coraltions
and those with no available information regardimg level of education)

Level of Education

Primary
Intervention Preschool +Second
Period Preschool +Primary Primary ary Secondary School Total
Long-term 0 1 31 2 26 15 75
Middle-term 3 0 17 2 23 5 50
Short-term 1 0 12 13 5 31
Not
applicable/No
information 6 1 59 16 83 31 196

Finally, Table 17 shows that most long-term studleesis on Humanities (N=22), followed
by Transversal disciplines (N=20) and Natural Sogsn(N=12). Middle-term studies focus
on the same disciplines but in a different ordergizing Transversal knowledge (N=15),
then Humanities (N=6), Natural Sciences (N=6) andtiM(N=6). Finally, short-term

studies focus mostly on Humanities (N=9), Transaleisrowledge (N=8), and Natural
Sciences (N=8).

Table 17Comparison of Intervention period with disciplines

Prof. and
Intervention Social Natural  Applied
period Hum. Sci. Sci. Sciences Math C. Sci. Rob. Transv. Total
Long-term 22 2 12 4 10 S 0 20 75
Middle-term 8 0 6 6 6 7 2 15 50
Short-term 9 0 8 2 2 2 0 8 31
Not 12 7 0 196
applicable/No
information 16 4 32 10 115

RQ7: Funding Source.

This category was analyzed to understand how relsemr this area is funded. We
organized the funding sources into three groupgsafa sources (e.g., companies or private
foundations); public sources (regional, national imernational programs); and local
sources (e.g., the institution/s where the autbbtke paper work).

Table 18 shows that most of the funding in the papgelected in this review come from

local (48%, N=167) and public sources (39%, N=133)ly 6% (N=22) of the funding
comes from private sources.
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Table 18Type of funding for the papers included in theieaw

All papers included in the review Most cited papers
Research design No. of papers % No. of papers %
Local funding 167 48% 26 48%
Private 22 6% 1 2%
Public 138 39% 23 43%
Mixed 25 7% 4 7%
Total 352 100% 54 100%

4. Conclusions and limitations of the study

Considering that the OECD found in a recent refOECDa, 2015) that the embedding,
and thus impact, of technology in education remauisoptimal, our aim was to learn from
the experimental studies published in Computersd&dation over the last five years, and
determine how we can conduct research that is netgeant to the education community.

Although mechanisms were used in order to ensweadnsistency and the validity of the
results that were obtained, there are certain ditoibs that restrict our findings. Firstly,

restricting the analysis to papers published in Quers & Education is one of the study’s
limitations. Including more journals and researcurses would have meant having a
bigger corpus of papers for analysis and, therefardroader perspective on how the
pedagogical use of ICT has been addressed in eoluc&econdly, the selection process
also implies certain limitations. On the one hamtlen using particular search criteria we
may be dismissing some papers that might usefuiyehinformed the literature review,

including all 17 of papers that adopted a qualitaipproach. In addition, scientific papers
always involve some level of bias, since most papeport only positive results (Matosin,

Frank, Engel, Lum, & Newell, 2014).

Regardless of the limitations mentioned above, wemplished our aim by identifying
key gaps in the literature. Understanding these gagy enhance the relevance of research
among the education community in the future. Thedaps are as follows:

1) There is a preponderance of quantitative research ithin Computers &
Education. Only 55 of the 352 papers about ICT in schools ighkbd in Computers
& Education between 2011 and 2015 inclusive adogtedualitative approach
(Section 3, RQ6). We need to redress the balant@eba quantitative and
gualitative research, and to that end we will belighing another editorial in the
near future that provides guidance on reportind loigality qualitative research.

2) More research is needed from different regions fol better understanding of
the global use of technology at school leveCurrently, most of the studies are
carried out in North America, Western Europe andaAslisregarding South
America, Africa, Oceania and Eastern Europe (SecioRQ2). It is important to
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3)

4)

5)

6)

7)

8)

notice that context matters. Making direct comparss across cultures is
problematic and thus we need to broaden the culwwatexts within which
research on educational technology is conducted

More research is needed in the areas of humanitiesiatural sciences and
formal sciences, especially in mathematic§ he results of this review reveal that
most of the articles that were analyzed do not ntepon the specific disciplines
defined by PISA; rather they address transversstiglines (Section 3, RQ3).
Interestingly, many researchers focus on the imgment of 21 Century skills. We
need more research about how to assess the s$lalisve think are important in
education (such as 2Tentury skills), because unless schools are hadumtable
against those skills they are not likely to teabkem. Our research should be
enhancing education so that it is fit for our chaggworld, not reinforcing
historical practices in order to address the gdyad, taccording by the OECD
(OECD, 2015b), are not being bridged by currentatianal systems.

There are very few pre-school studies regarding edational technology in
order to explore ICT’s effects in early childhood(Section 3, RQ4). Despite this
low number of papers, research has shown the igpoetof pre-school years in the
cumulative learning process of a child (Barnett &rdsz, 2004).

Studies that ignore what teachers do (how ICT is ebedded in practice) are
unlikely to be of much value.Most studies are student-centered (Section 3, RQ5).
However, only few focus on understanding how ICbésng used and embedded
within the curriculum and teachers’ pedagogy. Témults of our study reveal that
most of the papers are student-centered, disregprilie teacher’'s perspective
(Section 3, RQ5). However, involving the teachekey for ensuring the positive
effects that come from students using technologyl{By-Hammond et al., 2015).

A small proportion of studies involve study particpants in their design (and/or
the design of solutions)(Section 3, RQ6).A lack of involvement of key
stakeholders in the design of technological soh#tionay result in a lack of
alignment with learners’ and practitioners’ dailyoplems or circumstances,
limiting the impact of the interventions (Coberaét 2015).

Where researchers are working within an objectivistapproach they should
increase the sample sizes and the period over whiatata are collected.The
results of this study show that, although the nundbejuantitative studies is high,
most of them carry out experiments or quasi-expemis involving fewer than 100
participants (Section 3, RQ6). Less than 50% ofpidyeers involve studies based on
data collection over more than twelve weeks. Fandgenerazible the sample has
to be representative (LOpez et al., 2015)

Local or public institutions provide most of the funding for the research
published in the papers selected in this reviewlhis results suggests that current
research is mainly conducted by scholarly, and that private sector is not
publishing in the channels (Section 3, RQ7).
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ANNEX

Table Al. Papers IDs that accumulate the 50% of the citatiooth databases Google Scholar and Scopus.
The full list of papers considered in the revievagilable at the following link:
https://docs.google.com/spreadsheets/d/10Z3uC@BtAEE_aekgj3su_8wWbaV_049h6Wod1ll/edit

Num. of
citations| Num. of
in Google| citations
# | Article Title Scholar| in Scopus

Modeling primary school pre-service teachers' Tetdgical Pedagogical
Content Knowledge (TPACK) for meaningful learninghwinformation and
1 | communication technology (ICT) 139 63

Effects of constructing versus playing an educatigame on student
2 | motivation and deep learning strategy use 132 62

o

3 | Mobile English learning: An evidence-based studghviith graders 122 56

An interactive concept map approach to supportingita learning activities
4 | for natural science courses 113 56

A knowledge acquisition approach to developing Maads for organizing and
5 | sharing differentiating knowledge in a ubiquitoaarning environment 76 48

6 | A case study of the in-class use of a video gameefhing high school history 117 47

Factors influencing teachers' intention to usenetdgy: Model development
7 | and test 113 46

A collaborative game-based learning approach tadripg students' learning
8| performance in science courses 82 46

An online game approach for improving studentsTiea performance in webt
9| based problem-solving activities 86 44

Learning in a u-Museum: Developing a context-awdiguitous learning
10| environment 82 43

"Games are made for fun": Lessons on the effect®ntept maps in the
11| classroom use of computer games 77 43

Teachers and game-based learning: Improving uradetisty of how to increase
12| efficacy of adoption 77 39
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Effects of teaching and learning styles on studeefiection levels for

13| ubiquitous learning 95 39
An alternate reality game for language learningGAlhg for multilingual

14| motivation 68 35

15| Factors influencing secondary school teachers'tamopf teaching blogs 6[7 32
Enhancing 5th graders' science content knowleddeself-efficacy through

16| game-based learning 63 31
Interactive augmented reality system for enhantbrgry instruction in

17| elementary schools a7 30

18| Learning and motivational impacts of a multimediseace game 6P 29
Are educational computer micro-games engaging éedtare for knowledge

19| acquisition at high-schools? A quasi-experimertial g 59 29

20| The student experience of a collaborative e-legroimversity module 6P 29
Computer adaptive practice of Maths ability usingesv item response model

21| for on the fly ability and difficulty estimation 58 29

22| A framework for the design and integration of cbtieative classroom games 55 28

23| Design guidelines for Classroom Multiplayer Preggitames (CMPG) 3D 28
Using Wiki in teacher education: Impact on knowledganagement processe

24| and student satisfaction 56 28
Building virtual cities, inspiring intelligent citens: Digital games for

25| developing students' problem solving and learnitgvation 68 27
Computer games created by middle school girls: tBap be used to measure

26| understanding of computer science concepts? 58 27
Impact of an augmented reality system on studemasivation for a visual art

27| course 96 27
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Exploring the TPACK of Taiwanese elementary math@sand science

28| teachers with respect to use of interactive whizett® 59 26
The study on integrating WebQuest with mobile leggrior environmental

29| education 63 26
Young students using iPads: App design and coimiéloences on their

30| learning pathways 56 26

31| The beliefs behind the teacher that influences 1 practices 74 25
An analysis of the relationship between informatomd communication

32| technology (ICT) and scientific literacy in Canaatad Australia 5( 25

33| Factors related to pedagogical beliefs of teacherdstechnology integration 16 25
From Moodle to Facebook: Exploring students’ mdibraand experiences in

34| online communities 56 25
A concept map-embedded educational computer gammfooving students'

35| learning performance in natural science courses 54 24
Scaffolding strategies for supporting middle schsiadents' online inquiry

36| processes 38 23

37| A framework for teachers' integration of ICT inteetr classroom practice 17 23

38| Students' views of collaboration and online pgptition in Knowledge Forum 59 23
Assessment of 21st century ICT skills in Chile: fTaessign and results from

39| high school level students 41 22

40| Parental acceptance of digital game-based learning 48 22
E-books effectiveness in promoting phonological @mass and concept about
print: A comparison between children at risk farl@ing disabilities and

41 | typically developing kindergarteners 46 22
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