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EXECUTIVE SUMMARY

This

report

about

how

Science,

Technology,

esteem and perceptions) and gender, and the risks

Engineering and Mathematics (STEM) education

and limitations involved in the use of ICT. The main

can improve students’ learning outcomes and skills

results reported in the literature reviewed are as

development, with the help of Information and

follows:

Communication Technologies (ICT), is based on a
literature review carried out in 2016. We provide some

a.

Evidence has been found of effects of ICT use

answers to the following broad question, from the

on learning outcomes and skills, often depending

students’ viewpoint:

upon home access and informal learning of
technology.

•

What are the impacts and challenges of ICT in
STEM education?

b.

The specific consequences of using ICT tools
on subject content learning are related to

There is growing consensus that progress in the

the kind of tools employed and the learning

integration of technology and education should be

context, but teacher’s pedagogies are always an

guided by research evidence. The extensive literature

important ingredient in successful integration of

review that provides the background information for

technologies.

this report ranges mainly from the beginning of this
century to date. Much of what is discussed here is

c.

The impact of ICT on axiological dimensions of

applicable to primary and secondary education (and

education like motivation, attitudes, interest,

even higher education), and many of the effects of ICT

confidence,

in STEM education mentioned in the report can also

are noteworthy. They have been investigated

be found in curricular fields other than STEM.

thoroughly and are documented in some detail

self-esteem

and

perceptions,

here.
In this report the following main areas are analysed:
students’ skills and learning outcomes, the effects of
ICT use in terms of contents, axiological dimensions

d.

In

the

important

intersection

between

technologies, STEM education and gender,

(like motivation, attitudes, interest, confidence, self3

interesting temporal effects have been found that

motivate them to learn and participate. As a general

may even invert the gender gap and favour girls,

rule, technology use in STEM education should start

like the number of schooling years.

early, as early exposure to STEM initiatives and ICT
activities positively impacts students’ perceptions and

e.

Some possible student problems associated with

dispositions towards these subjects. On the other

the use of ICT in STEM education have been

hand, technology contributes to students’ equity

evaluated, in terms of awareness on use and

by levelling students of different socio-economic

the risks of abuse (addictions). The possibility of

background and reducing the digital divide. But care

distraction by technology is a factor to consider.

must be exercised to use technology in school that is
not boring and ineffective compared to out-of-school

Based on the literature review, here are some further

ICT applications.

findings, recommendations and challenges discussed
ICT and Skills and competences

in the report:

Improvements can be observed over time in STEMStudents’ performance

related skills, like problem solving and data analysis.

In general, student performance as affected by ICT is

For instance, to develop pupils’ investigative and

difficult to observe and isolate, but there is evidence

higher-order thinking skills, simulations need to be

that when used pedagogically, ICT enhances learning

interactive, and these skills can be mastered with

outcomes and (digital) skills. Good practice must

perseverance. Best results occur when ICT is used

include a judicious choice of tools and T&L activities

across the whole curriculum. So, applying ICT-STEM-

appropriate for the subject, topic and student level

related skills in a time-sustained way will ensure

and development. Now, on top of assisting contents

that students have digital competence when leaving

and skills acquisition, use of ICT in education helps

school. At the same time, technology has a generally

students become technologically literate, but this is

positive effect on axiological dimensions of STEM

not the school’s task only: fruitful percolation, in ICT

education (motivation, attitudes, perceptions, self-

usage and learnings, occurs between school and

confidence and self-esteem), especially if students

home. For all these reasons, teachers, schools and

play a role in choosing the technology they use.

administration should explore the development of

Teachers must pay special attention to factors that

STEM curricula that meaningfully integrate technology

may have an influence on students’ self-esteem and

into as many curricular layers as possible. This can be

attitudes in ICT use in STEM, like teachers’ status and

done, for instance, with authentic projects, in which

experience, student background and gender, etc. In

students’ engagement occurs when the project (a

particular, when students are less clear about how

game, a societal issue) resonates with their lives. The

they learn, this can impact upon both their motivation

promotion of ICT literacy-embedded, authentic STEM

and their self-esteem as learners. As a rule, students

instruction, is particularly beneficial for students with

should not be placed in new learning situations that

disabilities and other struggling learners.

use unfamiliar ICT without their learning process being
guided.

ICT and students’ ages
Well-designed

successful

ICT

interventions

are

ICT and gender

generally multi-front and incorporate pilot projects,

Interesting positive gender effects for girls are

specific programmes like robotics, game designs,

found when schooling progresses and students are

etc., as these are able to engage students and

increasingly challenged academically: girls enjoy
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the challenge and gain self-esteem. For instance, in

of Internet addiction. This can be a problem (affecting

robotics or video-game design projects, very little

study time), as well as a source of distractions in

difference in interest and commitment between

class because of technology (students using the

males and females is observed. Teachers might

devices to communicate or for entertainment, or more

take pedagogical advantage of females’ increasing

focused on technology than on content). But mental

interest in ICT and STEM because of a more female-

firewalls can be set up by the teachers in taking up

friendly evolution of technology (less technical,

the challenge that pedagogy should drive technology,

more channels for communication, community and

not vice versa.

creativity). For both genders, risks exist in the form
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THE STEM ALLIANCE ICT REPORTS SERIES
The STEM Alliance - inGenious Education and industry

•

What are the impacts and challenges of ICT in

- brings together industries, Ministries of Education

STEM teaching and learning, from the viewpoint

and education stakeholders to promote STEM

of the stakeholders involved?

education and careers among young Europeans and
addresses skills gaps within the European Union.

The reports will be based on a broad literature review

The STEM Alliance builds on the success of the

that covers a number of aspects of recent relevance

inGenious initiative (2011-2014) to increase the links

in the field of ICT in STEM education. In particular, the

between STEM education and careers, by involving

aim is to:

12

schools throughout Europe. With the support of major
industries and private partners (see back cover of

•

STEM teaching and learning processes.

this publication), the STEM Alliance activities promote
STEM jobs in all industry sectors and contribute to build

Analyse the potential and the role of ICT in

•

Analyse how ICT is used in STEM education,

a STEM-skilled workforce. The STEM Alliance aims

and the impacts on pupils’ motivation and

to improve and promote existing industry-education

understanding for STEM topics.

STEM initiatives (at national, European and global
levels) and contribute to innovation in STEM teaching

•

Analyse why the use of ICT in STEM education
can stimulate interest in STEM topics and careers.

at all levels of education. The initiative is coordinated
by European Schoolnet and CSR Europe, and more

The aim is to provide suggestions and guidelines for

information can be found at: http://www.stemalliance.eu/

all stakeholders interested in promoting ICT in STEM
education at both primary and secondary school level.

As a contribution to the challenge of integrating ICT
tools in STEM education and improving students’
learning and attitudes towards STEM subjects and
careers, the STEM Alliance has initiated a series
of literature review reports and special issues that
address the following major question:

1 inGenious was the European Coordinating Body in Science, Technology, Engineering and Mathematics (STEM) Education, a joint initiative of
European Schoolnet and the European Roundtable of Industrialists (ERT) aiming to reinforce young Europeans’ interest in science education and
careers. With a grant of €8 million from the European Commission’s 7th Framework Programme over a three-year period, and the support of 42
partners from 20 countries, including seven major industries, inGenious was one of the largest and most strategic projects in science education
undertaken in Europe.
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Series scope

Series contributions

The extensive literature review that provides the

In the first report we provided general considerations

background information for this series of reports has

that relate to all three collectives taken together:

the following boundaries and caveats:

students, teachers and other stakeholders. In this
second report in the series we explore ICT in STEM

•

•
•
•

Scope. Each report of the series focuses

incorporation from the students’ viewpoint and

on a specific topic, context and challenges.

consider possible learning outcomes and skills

Specifically: setting the scene, students (the

development, and the effects of technology on

present report), teachers and other stakeholders

contents, axiological dimensions and gender. Risks of

(future reports).

technology are also considered.

Dates. Most literature review is from this century
(from 2005 onwards except for one case).

In the two remaining reports, we will cover the

Level. Primary & Secondary Education (from 4 to

impacts and challenges of ICT for teachers and other

21 years old).

stakeholders, separately. In a special issue some of the

Overlap. Inevitable overlap among reports in this

most recent ICT applications that are starting to find

series will be kept to a minimum.

their way into STEM education have been reviewed.

STEM Alliance - Impacts and Challenges Series

Publication date

URL

Report-I

Setting the scene

Nov 2016

http://www.stemalliance.eu/ict-paper1-setting-the-scene

Report-II

On Students

Jun 2017

http://www.stemalliance.eu/ict-paper2-on-students

Report-III

On Teachers

Jun 2017

http://www.stemalliance.eu/ict-paper3-on-teachers

Report-IV

On Schools, Administration & Private
Sector

Sep 2017 (expected)

Special Issues Series

Publication date

ICT Tools for STEM Teaching and Learning
(in collaboration with Microsoft).

http://www.stemalliance.eu/
documents/99712/104016/STEM_A_
Nov 2016 (published)
and_MS_ICT_Tools_in_Edu_paper_
v06_Final.pdf

URL

Formatting
For ease of reference, we indicate the main results of the literature review with the following mark:
• IMPACTS
And the main challenges and suggestions with this mark:

CHALLENGES
We provide short texts backing up both kinds of review outcomes.
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1. INTRODUCTION: IMPACTS AND CHALLENGES
This report is the result of a literature review on how Science, Technology, Engineering and Mathematics (STEM)
education can improve students’ learning outcomes and skills development, with the help of Information and
Communication Technologies (ICT). We shall provide some answers to the following broad question:
•

What are the impacts and challenges of ICT in STEM teaching and learning, from the students’
viewpoint?

The extended use of ICT in STEM teaching and learning (T&L) often has been advocated as a means to
engaging STEM students (USA National Research Council, 2011):

“There is a continued push to develop STEM curricula that meaningfully integrate technology into as many
curricular layers as possible” (USA National Research Council, 2011).
and this poses a challenge for all stakeholders involved: teachers, students, schools, administration and the
private educational and ICT sector.
Students are the central actors of the educational ecosystem, and we shall analyse their response to ICT use
in connection with STEM. Technologies can greatly support good teaching plans, in principle, but research
is needed to be sure of their impact, for instance, on the students’ learnings. So, we may specify further the
previous question:
•

What are the consequences of ICT on students’ STEM education, in terms of learnings, skills
development and other educational effects?

Many new ICT tools have been developed since the early 2000s, when the Becta (2003a) report already
showed evidence for the many effects of ICT in STEM education, Figure 1. In the intervening years, the number
of tools and the areas of development have increased enormously.
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a) Data handling
h) Collaboration

b) Understanding

EFFECTS OF
ICT IN STEM
EDUCATION

g) Interactions

f) Access to resources

c) Interactivity

d) Innovation
e) Independent learning

FIGURE 1: EFFECTS OF ICT IN STEM EDUCATION

As shown in Figure 1, ICT facilitates:
a.

Data handling, allowing teachers and students to concentrate on interpreting and analysing data.

b.

Understanding concepts and processes.

c.

Interactivity.

d.

Innovation, for instance, analysing topics of relevance for the students.

e.

Independent learning, as well as self-directed learning.

f.

Access to resources 24/7.

g.

Interactions among students, and between them and teachers.

h.

Collaboration of teachers with colleagues.

Based on existing literature, here we shall explore in some detail how ICT tools can affect students’ learnings
and attitude towards STEM, and what impacts and challenges are derived from this interaction. An example of a
working model for the student, where various ICT tools can be used, is shown in Figure 2 (based on Gras-Marti
et al., 2014). The student’s working methodology map may be centred around active work in the classroom
(solving conceptual questions and problems, designing and interpreting experiments, etc.), supplemented by
pre-class and post-class readings, online exercises and questionnaires, summative and formative assessments,
and classroom discussions possibly conducted with the support of an interactive whiteboard, for instance.
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Pre-class
reading
ACTIVE CLASS!

Autonomous
work

COORDINATED
WITH THEORY

Problem
session

Classes

STUDENT’S
WEEKLY
SCHEDULE

Assessment

Questionnaire

Demonstrations,
experiments

ACTIVE CLASS!

FIGURE 2: WORKING MODEL FOR THE STUDENTS, POTENTIALLY SUPPORTED BY ICT TOOLS

The rest of this report is divided into three blocks. This introduction is followed by a discussion of students’ skills
and learning outcomes. In the second block we discuss separately the effects of ICT use in terms of contents,
axiological effects and gender effects. Finally, in the third block, after a preamble on risks and limitations involved
in the use of ICT, we bring together the main conclusions and (in the executive summary) the key findings and
the recommendations derived from the literature review.

WHAT

EFFECTS ON

• Introduction
• Skills & Learning
outcomes

• Contents
• Axiological dimensions
• Gender

• Risks, limitations
• Conclusions
IMPLICATIONS
• Key findings
• Recommendations
FIGURE 3: MAIN SECTIONS IN THIS REPORT

The relation between ICT use and students’ performance in higher education is outside the scope of this report.
For a good starting point see Ben Youssef and Dahmani (2008).
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2. ON LEARNING OUTCOMES AND SKILLS
We shall discuss briefly in this section the relationships between students’ skills, learning outcomes and ICT use
in STEM education. Investigating the effects of technology on students’ performance (achievements, attitudes,
motivation, etc.) requires deep analyses both in extent (not in a single subject topic) and time (mid-term and longterm recall effects), as well as a consideration of the particular student-teacher-school ecosystem. Researchers
face challenges in trying to investigate these effects, because both “student performance is difficult to observe
and the effects of ICT are difficult to isolate” (Ben Youssef and Dahmani, 2008).
Specific learning outcomes in STEM subjects with the support of ICT tools will be discussed in the sections
below. In general, a simple definition of students’ learning outcomes involves (Ben Youssef and Dahmani, 2008)
“the consequences of a specific T&L sequence, the ability to demonstrate new learnings, and the attitude and
confidence exhibited in those demonstrations” (see Figure 4).

What are
the new
learnings?

What can
they do
with them?

How much
confidence
& motivation
is exhibited?

FIGURE 4: OUTCOMES OF STUDENTS’ LEARNINGS

A number of skills, on the other hand, can be developed with the assistance of ICT tools. The ability of students
to use ICT resources is one of the key outcomes of successful integration of ICT in schools (Becta, 2004);
improving this ability presents a challenge for the educational system (Ilomäki and Rantanen, 2007) and, in
particular, is a challenge for the teachers, who have to provide the necessary strategies:
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“How [to] ensure that a student has the necessary digital competence2 when leaving school” (Ilomäki and
Rantanen, 2007).

In this respect, a recurring motto in the education community (and in the society at large) is that the younger
generations are “digital natives.” This “myth of the digital native” has been questioned (Thomas, 2011;
Koutropoulos, 2011). Ilomäki (2008) notes that students may show a variety of skills in the use of ICT applications,
but also that “these skills are not necessarily adequate or effective.”
Along these lines, only 8% of 15-year-olds taking part in the PISA 2009 survey, where a module on online
reading was introduced for the first time, showed the ability to use the Internet in an efficient way, evaluating
the credibility and usefulness of information (OCDE, 2010). Also, the EU Kids online survey, involving European
children aged 9 to 16, highlights that the “talk of digital natives obscures children’s need for support in developing
digital skills” (Livingstone, 2011). Meanwhile, kids go online, whether equipped or not: 93% of all 5-15 year olds
in the UK used the Internet in 2013, with as many as four in five 5-7 year olds (82%) (Ofcom, 2014).
On the other hand, it is difficult to pinpoint the specifics of what are called digital skills (Downes, 2016): “Digital
literacies are not simply traditional literacies with the word ‘digital’ attached to them.” Binkley et al. (2012)
provide the following definition:
•

“Digital skills include knowledge and attitudes in using digital media [and the ability] to master
the challenges in the learning society” (Binkley et al., 2012).

One can try to express the previous definition of skills (digital or not) in explicit terms and draw up a list (Downes,
2016) of what can be considered both old (pre-ICT) and new (ICT-related) literacies, as shown in Figure 5.
For example: finding information, problem solving, etc. The development of all these skills can be turned into
practical activities for each school level. Elements in boxes outside the central Venn radial diagram in Figure
5 are overlapping terms adapted from Mortensen (2011): for instance, problem solving and decision making
correspond to items B) and D) in the Venn diagram. It can be seen that only digital citizenship and technologyrelated terms stand out as clearly ICT-related, but practising the skills in Figure 5 can benefit from a number of
ICT tools.

2 A topic for further discussion would be, of course, who should define which skills are “necessary” digital competences.
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A) Find and vet
information
CREATIVITY &
INNOVATION (~F)

F) Design and
create

RESEARCH & INFORMATION FLUENCY (~A)

B) See problems
from various
perspectives

CRITICAL
THINKING (~B)

SKILLS
C) Become
self-directed
learners

E) Learn quickly
COMMUNICATION AND COLLABORATION.
DIGITAL CITIZENSHIP.
TECHNOLOGY OPERATIONS AND CONCEPTS.

D) Find solutions

PROBLEM SOLVING AND DECISION MAKING (~B, D)

FIGURE 5: STUDENTS’ SKILLS. ELEMENTS IN BOXES AND IN CIRCLES CORRESPOND TO DIFFERENT AUTHORS (SEE TEXT).

By way of example, the following student skills can be developed when ICT is used in a student-centred way:
•

“Problem solving, information management, collaboration and communication (often called
‘lifelong competencies’)” (Voogt and Pelgrum, 2005).

An essential skill (point A in Figure 5) is to “support students’ information searching and processing skills”
(Ruthven, 2008). The same recurring need was detected in a study on sixth grade children studying science
(Wallace et al., 2000): “Students were not very effective in finding useful information” even though they “were
well engaged and involved in the inquiry and search activities” (Ilomäki, 2008). This topic will be dealt with in a
future STEM Alliance report, from the point of view of teachers and pedagogy.

ICT Access and Use
An extensive survey is available (European Commission, 2013) on the use of ICT in school education across
Europe, including aspects such as infrastructure provision, use, confidence and attitudes. It is not surprising
that students’ ICT skills are often learned in informal contexts, e.g., at home, with friends, etc. (Eurydice, 2011),
which often means, as just discussed in connection with Figure 5, inappropriate ways of (academic) working.
It has been found (Somekh et al., 2003; Ilomäki, 2008) that when students have access to ICT resources both
at school and, particularly, at home, their attitudes towards ICT are good.
• “[Students’] skills and attitudes [towards ICT] are mainly based on home resources and leisure
time use” (Ilomäki, 2008).
A study by Dix (2007) reveals fruitful percolation between the school and home environments. Conversely, poor
home access to computers is an ingredient of the “digital divide” (Alexiou-Ray et al., 2003).
14

The effect of students’ starting age with computers was reported by the OECD (2006):
• “Students who first use computers in their mid-teens are less likely to be comfortable in using
them than those whose experience dates back to their primary or early secondary school
years” (OECD, 2006).

This result clearly poses a challenge to schools for early use of ICT tools.
An example of a basic skill which is essential both as a student and later in life is understanding that statements
have to be backed up with reliable evidence. The concomitant information-processing skills discussed above
need systematic guidance by teachers (Ruthven, 2008) in searching and evaluating Internet-found information.
Indeed, this is even true of graduate students (Kiili et al., 2009). This and other training in working habits are one
of the school’s tasks and challenges (Ilomäki, 2008):

“[Students should use] their ICT-related adaptive expertise […] in a beneficial interaction between school
guidance and challenges, and individual interest and activity” (Ilomäki, 2008).
A review study by Minnigerode and Reynolds (2013) shows that students improve STEM skills across time, and
achieve STEM self-efficacy in areas related to problem solving and career goal development:
• “STEM skills can be mastered with perseverance” (Minnigerode and Reynolds, 2013).
And one would expect the same to be true of ICT-STEM-related skills. This hope gives support to dedicated
projects that aim to teach computational literacy, like the “learning coding” project, which includes the 21st
century competencies of collaboration and critical thinking (Low et al., 2016) “to prepare […] students for future
career opportunities.”
It is important to take into account the factors that may impact on a student’s ICT skill level (VCAA, 2002),
shown in Figure 6. These range from gender and ethnicity to school and family environment.

Gender

Ethnicity

Enrolment
(school sector)

Location
(urban/rural)

Schools
(small/large)

Family income

FIGURE 6: FACTORS IMPACTING ON STUDENTS’ ICT SKILL LEVEL
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In the early history of ICT use in education, teachers were only concerned about the effects of computer
use when students were not monitored adequately (Lynch, 1999). The concerns and challenges nowadays
are wider and include how to extract educational advantage from the students’ basic expertise, interest and
motivation towards ICT (Lenhart et al., 2010):

“Continuing to utilise these technologies in productive and creative ways remains a goal” (Lenhart et al.,
2010).
Much research shows benefits from the use of ICT in education, especially if it is accompanied by good
pedagogical practice, including a suitable choice of tools and T&L activities. However, a point made by (Ilomäki,
2008) is an important call to action that should guide progress in the interplay between technology and education:

“[Sometimes] the technology used in school is boring and ineffective compared to the ICT use outside school,
and it does not provide the competence needed for using advanced technology in learning” (Ilomäki, 2008).
A note on students’ skills from the teachers’ perspective may be in order here. Current alphabetisation in ICT
technologies has an increasing degree of sophistication. It is usually the teachers who are blamed for not being
up to par with their students but, in some cases, it is the teachers who complain about widely varying technology
standards in their students. This happens, especially, when students coming from different backgrounds mix in
a college campus, with many students arriving without very basic computer skills, such as how to attach a file
to an email, as mentioned for example in a recent article3. The article also mentions different understanding on
respectful behaviour4, which is an additional issue.
In contrast, it has been complained that students’ use of ICT in STEM activities lags far behind their use of ICT
out of school and this is challenging for the teachers (INTEL, 2012):

“Although young people are often avid consumers of STEM products – for instance, ICT tools such as smart
phones and computers – such interest is rarely used as a point of departure for STEM teaching and learning”
(INTEL, 2012).

3 https://www.washingtonpost.com/news/parenting/wp/2016/05/03/7-things-new-college-students-need-to-know-so-they-dont-driveprofessors-crazy/?utm_term=.221cd79dc77c
4 In the same newspaper article one can read (slightly edited) that professors get crazy when students play on their phone or laptop while s/he is
lecturing.
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3. ON CONTENT
As mentioned above, it has been noted (Geoffrey, 2010) that “students learn more quickly, demonstrate greater
retention, and are better motivated to learn when they use computers more often.” Similarly, research by Bybee
and Fuchs (2006) has shown that:
• “Early exposure to STEM initiatives and activities positively impacts elementary students’
perceptions and dispositions towards these subjects” (Bybee and Fuchs, 2006).
Therefore, it is a challenge to capture as early as possible, and to retain, students’ interest in STEM (DeJarnette,
2012). The logical conclusion of these two facts in the context of the present report is that:

Early introduction of ICT tools in STEM education is recommended.
Early childhood STEM education and ICT is outside the scope of this report. However, it is interesting to add to
the previous discussion on early exposure to STEM that “the emphasis in early childhood education has been
placed on literacy and mathematics and not science due to the lack of understanding how science can be
taught in a manner that is fun as well as educational to children and teachers” (Collins, 2016). Evidently, more
research is needed in this area of STEM education and there are hints that ICT tools can help in that respect
with very young pupils.
So, students like computers and are positively motivated to use them, and increased exposure to ICT positively
influences students’ attitudes towards technology. The literature generally concurs with these findings (Noeth
and Volkov, 2004), and even adds that the more needy (low achieving and at-risk) students profit more. But the
students’ response in all subjects is not the same. Although more research would be necessary, some studies
show that STEM subjects fare better when ICT is regularly used in them:
• “Achievement was higher in schools where ICT was used routinely in mathematics and science
lessons, and the best results were seen in schools where ICT was used across the whole
curriculum” (Hogarth et al., 2006).

Indeed, a multi-front attack works best: where there is a pilot school implementation of ICT tools in education,
the results improve (Ilomäki, 2008). This author also suggests that one strategy for involving students in
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the applications of ICT in education is to give them some responsibilities, for instance on the school’s ICT
infrastructure. However, the author recognises that this is not easy “because of the traditional culture and roles
of teachers and students” in some schools (Ilomäki, 2008).
A recent book by Cassen et al. (2015) provides evidence that the use of technology in education can help
reduce social gaps, for instance reducing the cognitive gaps between disadvantaged and better-off children.
This may be even more important to achieve in the T&L of the demanding STEM subjects.

Types of Technologies
A recent review of literature states that the push for technological literacy can modify STEM education in
schools and that “technology is reshaping education in positive ways” (French, 2016), especially the most
recent technologies:
• “Forget about rows of desks pointed at a whiteboard. Here’s how mobile technology is
reshaping teaching and learning” (Thompson, 2014)
This author points to specific teachers, information officers and school technology officers, who are pushing
for classrooms to become collaborative spaces, “a mediascape system where students are quickly able to
share with [other] students what they are doing” (Thompson, 2014). In the same vein, technologies that merge
cloud and classroom are ever more important. As an example, students use cloud-based documents to take
collaborative notes and then post there the revised notes for everybody to access them (Thompson, 2014).
The term “understanding of science” encompasses a number of perspectives; some are shown in Figure 7
(elaborated with information based on Hogarth et al., 2006) and include the concepts of facts, evidence, laws,
etc.
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The scientific
community
Risk

FIGURE 7: TERMS ENCOMPASSING THE UNDERSTANDING OF SCIENCE
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Recent perspectives add the Responsible Research and Innovation component, including public engagement,
open access, and gender & ethics in science education.
An approach to STEM education incorporating ICT naturally entails authentic practices which easily connect
with the ideas expressed in Figure 7 and with the approaches indicated in Figure 8 (see below) because, as
explained by Jayarajah et al. (2014):
•

“Technology and engineering in STEM education are openly involved in problem solving,
innovation, and design” (Jayarajah et al., 2014).

According to Hogarth et al. (2006), there are differences in the use of ICT in STEM at primary and secondary
level (Figure 8). The design of this figure conveys the message that ICT-guided STEM activities at secondary
level are more reflective and sophisticated (like designs of experiments or problem solving, for instance) than
those suggested for primary school students (inquiry methods and verbalisation, as examples). Different ICT
tools can help in all the tasks mentioned in these figures but, for instance, the use of computer simulations or
videos is rather recommended for secondary students (Hogarth et al., 2006).

Independent
working

Collaboration

Verbalisation
of problems

Designing &
conducting
experiments

Inquiry
methods

Dialogues

Discussions

Self-directed
project
work

Debating
current
societal issues
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interpreting
phenomena

Framing
problems
scientifically

FIGURE 8: STEM ACTIVITIES FOR A) PRIMARY LEVEL, B) SECONDARY LEVEL.

The types of ICT tools that can be used in STEM education are diverse, and have been discussed from
various viewpoints in the first report in this series. The most elementary form of ICT use is instrumental: it
addresses factual knowledge acquisition, routine problem solving and test drilling. The latter is particularly
useful in connection with high-stakes testing. Research is necessary to measure how the use of ICT improves
the standards achieved by students in national tests and examinations, as “it is essential that we provide our
future teachers with solid evidence that technology-based, student-centred instruction can have a positive
impact on students’ learning and their achievement on standardised tests, particularly if this continues to be
the yardstick by which they are measured” (Ertmer and Ottenbreit-Leftwich, 2010). Research on gifted students
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by Toptaş et al. (2012) found that supplemental technology helps students score higher on the post-instruction
tests. In another example, French (2016) has investigated the impact of technology in mathematics classes on
gifted and talented students. Both the control and experimental group showed mastery of the standards and
concepts, but “the technology component did increase students’ use of correct content vocabulary.”
Recent ICT approaches include the use of games in education. Rather good results can be achieved with
project-based game designs (Minnigerode and Reynolds, 2013), when students’ engagement in the project
results from a game topic that resonates with their lives. Along these lines, it is clear that the Internet offers
many open, freely available datasets that can be utilised to examine various problems of societal interest, which
may also elicit student’s involvement. These are usually “complex issues that have to be adapted for effective
pedagogy” (Malmberg and Maull, 2013), and constitute excellent topics for teachers’ collaboration projects.
One example is climate science, a topic chosen by Israel et al. (2013) with great success, together with several
21st century technologies, to engage science learners in locally relevant climate science research projects with
the following objective:

“To promote literacy-embedded, authentic STEM instruction [in particular] for students with disabilities and
other struggling learners” (Israel et al., 2013).

ICT and Learning Context
Use of technologies and learning context are related, and Loveless’s (2003) general assertion that “ICT, if used
positively, enhances learning processes and outcomes” translates into a recurrent finding in the literature: both
the learning environment plus the curriculum pedagogy, and the content, are central to the effective use of ICT.
Geoffrey (2010) suggests further that it is not solely the effect of ICT on learning gains which occurs, but:
• “The combination of ICT use with particular pedagogical practices enhances much improved
students’ learning” (Geoffrey 2010).
An example is the use of sensors and data loggers, an area much explored from the early days of ICT in STEM,
because of the importance of experimental work in STEM subjects (Becta, 2003a). Sensors and data loggers
nowadays have a presence in many school laboratories and classrooms and are used in innovative ways
(European Schoolnet Observatory, 2014). These tools – which record and store measurements electronically –
collect data more quickly and accurately, improving the quality and quantity of results. In another report we shall
discuss this topic from the viewpoint of teachers and pedagogy – many classroom and lab materials are readily
available for use, and the literature on the beneficial effects of these devices on STEM education is extensive
(Le Boniec et al., 2011). Additionally, every student is collecting and analysing his/her own data. This brings the
students, psychologically, much closer to the experiment, to the topic and the subject in general.
Another much used tool in STEM education is simulations. A simulation is a computer program based on
an abstract model of a particular system that allows making predictions, testing hypotheses and receiving
feedback. Although simulations have to be used with pedagogical care (Osborne and Hennessy, 2003), they
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afford a different kind of experimental work and can model specific experiments (like circuits or Rutherford
scattering) and virtual labs (which allow more open-ended projects). A literature review on the effect of ICT
teaching activities on students’ understanding of scientific ideas (Hogarth et al., 2006) found that the ICT
tool most frequently evaluated is simulations and the main observed effects of simulations are shown, slightly
rephrased, in Figure 9. They help improve understanding of science.

Help improve
the
understanding
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idea.

Have a
positive effect,
for any type of
simulation.

Improve
science
knowledge of
less advanced
reasoners.

More gains
when teachers
scaffold
students
through the
simulations.

FIGURE 9: MAIN EDUCATIONAL EFFECTS OF SIMULATIONS

However, care needs to be taken in establishing the particular benefits for particular learners and learning
objectives in specific T&L situations, given that: “the improvements of advanced aspects (like the design of
an experiment) for more advanced (formal) reasoners can be achieved to the same extent with or without
simulations” (Hogarth et al., 2006). To realise their full potential and “develop pupils’ investigative and higherorder thinking skills” (La Velle et al., 2003), simulations need to be interactive. D’Angelo et al. (2014) have
recently produced a systematic review and meta-analysis of the effects of computer simulations for STEM
learning. They find that:
• “Overall, simulations have a beneficial effect over treatments in which there were no simulations.
Also, simulations with modifications were shown to have a beneficial effect over simulations
without those modifications” (D’Angelo et al., 2014).

Let us mention here that argumentation in STEM subjects has been an area of active research, as an important
element of students’ skills toolset (Osborne, 2015). And it is still an open question as to how ICT tools can better
help in that objective.
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ICT Immersion Projects
Many examples of more recent ICT developments with high potential in STEM education can be discussed.
One of them is robotics, a hands-on technology application, which is increasing in popularity and helps promote
STEM education. Robotics is a multidisciplinary field that combines mechanical, electrical and electronic
engineering and computer science. According to Allen (2013), “the presence of the robotics kit in the classroom
[…] will cultivate an interest in learning more.” This author also claims that “robotics can transform students’ and
adults’ views about STEM” and Mathematics (and writing programs) in particular, and that:
• “Students are engaged and excited about learning math, but more importantly, they are
becoming technologically literate” (Allen, 2013).
Also, Jewell (2011) investigated the effects of the “NXT robotics curriculum” (the “NXT Lego Mindstorm”) on
students’ attitudes and interests towards science. The analysis showed a clear impact:
• “The data [on the effects of the robotics curriculum] showed a significant difference between
students of different grades, and by ethnicity” (Jewell, 2011).
Very little difference between males and females was observed in the response to these activities. This is an
important finding which points in the direction of girls’ increasing comfort with STEM and ICT (see Section 5).
In a different project, Gulek and Demirtas (2005) examined the impact of a laptop immersion programme and
found that “students who did participate in the programme tended to earn significantly higher test scores
and grades in [among other subjects] mathematics.” In a different investigation, using specific software like
Sketchup and Scratch, Erkoc et al. (2013) found that “students gain an understanding of abstract geometry
concepts, and increase test scores.” And as a final example of a methodology that incorporates ICT elements,
Lin and Jou (2013) developed a website for a subject that housed all relevant content for the course. Learning
activities included instruction, discussion, reflection and practice sessions. The investigation on the influence of
the Web application yielded increased participation (Lin and Jou, 2013):
• “Students were more motivated to learn, so they participated more [and] teaching became
more successful” (Lin and Jou, 2013).
Let us mention also the recent introduction of game design in some schools, based on constructivist models
of T&L and inquiry based methodologies, in an attempt to motivate the students more and to achieve “digital
literacy” (Reynolds and Caperton, 2009).
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4. ON AXIOLOGICAL DIMENSIONS
Not surprisingly, many research efforts on the effects of ICT tools in STEM education deal with attitudes and
motivation (axiological components of education) and not only contents. Here we use the term “axiological
dimensions” in a broad sense: usually it refers to values and norms, but we shall add student motivation,
attitudes towards learning, self-confidence and self-esteem. In a wide-ranging review of research findings,
Ringstaff and Kelley (2002) conclude that technology has a positive effect on the aforementioned axiological
dimensions.

Motivation and Perceptions
A starting question in this respect is: what is it that motivates students to learn science? That is:

Are specific learning activities particularly motivating for students learning science?
French (2016) finds evidence of increased motivation and feedback between STEM learning and ICT skills
development:
• “When students use technology for learning support they are more motivated to participate,
which can impact technological literacy,” (French, 2016).
A key problem in science education is that many pupils lose interest in the subject as they progress through
school (Murphy, 2003). Research (Osborne and Collins, 2000) suggests that “ICT may help combat this by
giving pupils more control over their learning and allowing them to study topics relevant to their own lives.” But
while data logging and modelling tools (discussed in Section 3) give pupils a great degree of choice, according
to Mistler-Jackson and Songer (2000) it is the use of the Internet that motivates them more:
• “The use of the Internet in project-based learning has the greatest motivational potential”
(Mistler-Jackson and Songer, 2000).
Hogarth et al. (2006) remark that the Internet “gives pupils access to authentic data, enables them to collaborate
with both peers and scientists, and ultimately allows them to make a contribution to ‘real’ science.” This
materialises, for instance, via projects (Dede, 2000):
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• “Project-based learning [combined with ICT tools] accommodates a wide range of abilities and
learning styles” (Dede, 2000).
The importance that teachers place on student effort is complemented by a growing body of research evidence
of increased student work output resulting from ICT use. Studies reviewed by Tolmie (2002) have noted:
• “Marked student productivity improvements as a direct result of ICT usage” (Tolmie, 2002).
Regarding perceptions, Mota et al. (2016) find positive student perceptions of the use of ICT in mathematics
classes:
• “Students perceive the experience of using ICT in a practical T&L environment to be useful and
interesting” (Mota et al., 2016).
There are similar studies for all the STEM areas. For instance, the same conclusion was derived from a threeyear project by Volná et al. (2011) using ICT tools for popularisation of science and for motivating students in
Physics, which included surveys as well as interdisciplinary, social and remote-control activities.
An interesting experience (in higher education) is described by Wynn (2013), who found, to her surprise, that
an ICT-intensive instruction did not initially meet with students’ enthusiasm. She concludes that the best thing
a teacher can do is ask the students:
• “All students learn differently [...] hands-on learners, hearing lectures [...] When students play
a role in choosing the technology they use, their motivation and participation increase” Wynn
(2013).

When different technologies were then incorporated, Wynn (2013) found a valued addition to the classroom:
“Blogging allowed [students] to share insight and opinions, and Twitter and Facebook for discussions [catered]
to the students’ desires to participate […] and look at school work in a different way.” So, technology helps
students not only express themselves but also communicate their learning outcomes to peers, teachers and
even friends and relatives (French, 2016).

Confidence and Attitude
A teacher can use relevant ICT to promote literacy in a specific area and to support specific intentional learning,
and this may be reflected in students’ attitudes. As an example, Google Sketchup has been shown to positively
impact students’ attainments and attitude in class (Boyd and Ellis, 2013). Since students’ learning and attitudes
towards a subject are connected, the question is: How to promote positive attitudes towards STEM?
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Freedman (1997) established that students’ attitudes towards science correlate with achievement in that subject,
and Hacieminoglu (2016) has recently reviewed the many factors that contribute to students’ attitude towards
science, like science achievement, gender difference, student-student and student-teacher interaction, and the
classroom-learning environment.
Self-confidence is also fostered by ICT communication tools (Potvin and Hasni, 2014a): “Using presentation
technologies enables pupils to communicate their work to their peers [which] both reinforces learning and
raises self-confidence.” So, the use of technology changes the students’ attitude towards learning and school:
“Students like learning with computers and their attitudes towards learning and school are positively affected by
computer use” (Moundridou and Virvou, 2002). In particular, younger students seem to develop more positive
attitudes towards learning as a result of using ICT (Dix, 2005) and these tools improve student confidence.
However, although “technology contributes to students’ equity, as ICT in the classroom can help level the
playing field for students of different socio-economic background” (Moran et al., 1999), other kinds of digital
divides are emerging (OECD, 2015):
• “In most countries and economies that participate in PISA, socio-economic differences were no
longer associated with large divides in access to computers (the so-called ‘first digital divide’).
However, gaps previously observed in the quantity, variety and quality of ICT tools available, as
well as in the mastery of them, persisted” (OECD, 2015).
Students’ interest is known to be linked to effective learning and positive attitudes towards school science (Dix,
2007). However, as noted above, as schooling progresses some motivational problems arise. Some authors,
like Christensen (1998), link declines in attitudes towards computers as students grow older with a more generic
problem of general attitude towards school at large. Because of its general relevance, the topic of declining
interest in school affairs with years of schooling deserves further investigation but lies outside the scope of this
report. Potvin and Hasni (2014b) have reviewed research on interest, motivation and attitude towards STEM at
K-12 levels and among many other findings they report that ICT has the potential to improve students’ interest,
motivation and attitude, especially if teachers are more knowledgeable about technology.

Self-esteem
The social concept of students’ self-esteem is a widely researched topic (see Dix, 2007, and references therein),
usually from three perspectives: students, their peers and their relatives. Evidence is reported by the PISA-2003
study (OECD, 2015) of a strong link between students’ beliefs about themselves and their success as learners:
“Students’ academic self-concept is both an important outcome of education and a powerful predictor of
student success.” Research shows how technologies impact on students’ self-esteem (Cuttance and Stokes,
2000): “Effective ICT-based learning environments can have an impact on a range of non-cognitive learning
outcomes, [including] affective development, such as self-esteem, motivation and a sense of purpose.”
Many factors have been tested for possible influence of ICT use on STEM. It has been found that the status of
teachers in the school as well as their teaching experience, student gender, and student language background,
influence students’ self-esteem significantly (Dix, 2007): “Students in schools with an average to high proportion
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of permanent teachers, show an increase in self-esteem.” Also, Beresford (2000) noted that if students were
less clear about how they learned this could have an impact upon both their motivation and their self-esteem
as learners: “Placing students in a new learning situation that used unfamiliar ICT might cause them to question
how they learn.” This is an essential aspect to take into account in teacher training (Loveless et al., 2014).
Usually, school-wide adoption of ICT across the curriculum influences students’ self-esteem and the extent to
which it changes:
• “An increasingly ICT-rich environment appears to be supportive of students’ self-esteem” (Dix
2007).
Also, positive self-esteem is reinforced by homework activities that require using computers (Sivin-Kachala and
Bialo, 2000): “ICT-based homework and general ICT use are found to influence student self-esteem significantly.”
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5. ON GENDER
The relationship between STEM education, ICT and gender has been extensively investigated both separately
and as a three-legged concern. The objective of gender equity in STEM classes and in the use of ICT is
important from the viewpoints of social relevance and professional opportunities. Early research carried out by
Jones et al. (2000) already showed that:
• “Gender differences exist in attitudes toward science, but the process of how these attitudes
affect science outcomes is unclear” (Jones et al., 2000).
But the causes are many: a recent analysis on how to engage girls in STEM careers (Joyce and Dzoga, 2013)
recognises that “the gender gap is more likely caused by environmental influences such as parents, teachers
and head teachers.”
As mentioned in the Introduction, analysing the effects of ICT on STEM education is a complex endeavour. In
this regard, the PISA-2003 study (OECD, 2015) posed the following question on gender:

“To what extent can students’ gender be used to predict their attitudes to computers, compared to other
factors such as the availability of computers at home [or] how frequently students use computers […]?”
(OECD, 2015).
The literature on gender, STEM and technology is abundant. Publications around the turn of the century added
further elements to the concerns of many educational practitioners about gender equity. For instance, JanssenReinen and Plomp (1997) concluded that “in comparison to male students, female students knew less about
ICT, enjoyed using the computer less, and perceived more software problems.” These authors attributed these
gender inequities to “differences in parental support, access to computers (in terms of availability and use),
amount of female role models and activities carried out with the computer at school.” Similar findings were
reported in a meta-analysis using 106 research studies examining gender differences on attitudes toward
computers (Liao, 1999): “Female students were more likely to hold lower attitudes toward computers.” But,
according to Pajares and Schunk (2001), “unrealistically low self-esteem, and not lack of capacity, can lead to
a lack of confidence and contribute towards maladaptive academic behaviours and diminishing school interest
and achievement.” For all these reasons, one may conclude with these authors that:

27

• “Given the generally lower confidence of most girls related to boys in the areas of mathematics
and computer technology, it seems that young women may be especially vulnerable in these
areas” (Pajares and Schunk, 2001).

However, there are some interesting more recent views on gender and technology. Blackmore et al. (2003)
report in their survey of the literature that 13-14-year-old girls experienced a growing loss of self-esteem with
respect to technology and schooling, at a time when boys’ self-esteem increased. On the other hand, many
studies have found that female students maintain a more positive attitude towards school than male students,
but both decline with age (see, for instance, Dix, 2005). In principle, according to OECD (2006): “Female
students do not approach computers with the same enthusiasm as male students.” And Dix (2007) conducted
a more thorough study with an interesting conclusion:
• “[With schooling progress] when boys are challenged academically, their self-esteem declines,
whereas girls appear to enjoy the challenge and gain self-esteem” (Dix, 2007).
So, “male students may be less challenged in primary school, elevating their self-esteem, but find the more
challenging objectives set in secondary school threatening, lowering their self-esteem, and the reverse seems to
occur for female students” (Dix, 2007). One possible explanation for this result is (Ilomäki, 2008) that the nature
of higher-order learning objectives is more suited to male students in primary school and to female students
in secondary school. This time evolution of the changing gender differences with ICT usage in education was
evidenced by Ilomäki (2008) who found that “males show better skills especially in purely technical issues,” but:
• “Female students and young female teachers estimated their skills as [being] close to the skills
of males, and also their use of ICT increased significantly” (Ilomäki 2008).
So, girls are increasingly coming to terms with technology. A case study on girls and video-game design
mentioned above (Minnigerode and Reynolds, 2013) examines the experience of sixth grade Latino girls who
participated in a game-design class. It was found that “the students [girls] were highly engaged with the chosen
topic and demonstrated growth in the attribute of perseverance and self-efficacy in STEM skills.”
One of the reasons for the change in attitude of females towards ICT is that, overall, “With time, the technology
has become less technical and its communication and creation affordances have become stronger, easier to
use, more popular and motivating”, especially to girls (Ilomäki, 2008). This yields an interesting gender effect:
• “Recent evolution of ICT has increased females’ interest in technology,” and “Female students
and younger female teachers use ICT in their ordinary practices quite naturally” (Ilomäki, 2008).
We have brought together these promising results on ICT and gender in Figure 10.
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THE GENDERS DIFFER IN THEIR USE OF, AND SKILLS IN, ICT
Males show better skills in:
• Purely technical issues.
• School.
Females & younger female teachers:
• Use ICT in their ordinary practices quite naturally.
With ICT evolution, female interest in the
technology has increased as it is:
• Less technical.
• More motivating.

FIGURE 10: RECENT DEVELOPMENTS IN ICT AND GENDER

As a further example, positive gender effects for girls have also been found in using simulations (Huppert et al.,
2002):
• “Girls, in particular, seem to benefit from using simulations, possibly because they offer a noncompetitive environment in which to explore ideas” (Huppert et al., 2002).
Also, the study referred to above (Dix, 2007) reveals, quite interestingly:
• “A decline in the importance of gender on self-esteem over time, suggesting that the increased
use of ICT in school may reduce the gender gap” (Dix, 2007).
All in all, an interesting research area surfaces (Ilomäki, 2008) regarding student gender and digital competence:

“[To investigate] the boundary between traditional technical and male-associated technology and the new
female-friendly communication and community-associated culture of technology” (Ilomäki, 2008).
In fact, already the Becta (2003a,b) reports show that “girls use technology more for social networking and
creative purposes,” and more recent research shows that “there is little gender difference in other reasons for
using technology such as communication, social networking, information searches” (Eurydice, 2010). However,
the general attitude and interest of girls towards taking up careers in technology is still lacking, as the ROSE
project shows (Sjøberg and Schreiner, 2010).
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6. RISKS
It seems appropriate to finish this report on the impacts and challenges of technology on students with a short
comment on the possible risks and precautionary measures associated with the use of ICT in education and,
in particular, in STEM education. To begin with, the general awareness of the possible harmful effects of the
Internet (for young students participating in social networks, for instance) can be transposed to the T&L of
STEM: uncritical use of sources, copying/plagiarism, passivity, etc. Let us consider the possible risks with the
help of some research examples.

Awareness on Technology Use
Some studies show (French, 2016) that technology may have a negative impact on learning by distracting
students from other tasks, both in school and at home. Wentworth and Middleton (2014) explored the relationship
between students’ use of technologies (both inside and outside of class) and their academic performance; they
surveyed students about their mobile phone use, texting, computer use, how much they worked, how much
they studied, current GPA, SAT scores, and predicted course grade (French, 2016). They found that students
who spent more time on their computer had lower academic results and spent less time studying:
• “A stronger negative relationship existed between the amount of time spent on their computers
per week and the amount of time spent studying” (Wentworth and Middleton, 2014).
So, distractions can be a problem at different levels. French (2016) describes how “students could seemingly
be working on class content but still be disconnected to what’s happening in class,” as they could be using
their devices to communicate or for entertainment. At other times, as noted by Attard and Northcote (2011), the
technology suggested by the teacher totally absorbs their attention:
• “Students can be completely on task, but too focused on the technology application, with class
content being secondary” (Attard and Northcote, 2011).
Sometimes, the ways teachers integrate technology into existing lessons can cause negative results, that is, there
is a risk of technology driving pedagogy, rather than the opposite. In other words, technology may unwittingly
become the focus of the STEM lessons, in place of the subject matter itself. Along the same lines, tablets and
similar devices can be great tools used in class, but they should not be the focus of lessons (French, 2016):
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“Teachers must ensure that the STEM content is driving the lesson and students are not carried away with
exploring other applications on these devices” (French, 2016).

That being said, students can be distracted in the same way without technology and even with traditional
handwritten note-taking: they can be so focused on taking notes that they are not gaining much understanding
from the class activities. Surely, analogous care must be exercised with the present ICT note-taking tools,
as well as other digital facilities (photos, videos, etc.) used to register classroom activities. (It is fair to say,
though, that some digital tools can be a great help in organising students’ “notes”.) Similarly, students can be
so focused on creating a project (drawings, maps, posters, etc.) either by hand or with the computer that they
focus too much on the presentation of the product and not on the content.

Internet Addiction
Internet (or, in general, ICT) addiction is a relatively new field of academic inquiry. For an extensive and up-todate analysis of Internet addiction, both from a local and an international perspective, see Wanajak (2011). Like
other well-researched addictive behaviours:
•

“Internet addiction has an effect on many aspects of a person’s life, including academic/work
performance, relationships, and physical and mental health” (Young and Rogers, 1998).

Some Internet users experience withdrawal symptoms when offline (Seo et al., 2009): “Those preoccupied with
Internet-related activities may neglect exercise, family and social activities.” And, as demonstrated in several
international studies (for instance, Thomas and Martin, 2010):
• “Problems arising from excessive Internet use [are] a particularly common problem among
students” (Thomas and Martin, 2010).
This also happens amongst college and university students (Yan et al., 2009). However, epidemiological studies
of Internet addiction among school students in various countries, for instance Greece and Italy, have found
disparate figures:
• The prevalence rates of Internet addiction cover a wide range, from a low of 1% in Greece to a
high of 36.7% in Italy (data from Tsitsika et al., 2009; Milani et al., 2009).
As an important contribution to this issue (and to education in general), the role of parents in monitoring
and supervising their kids has been remarked by Trucano (2011): “The presence of parental rules regarding
computer use and homework appears to mitigate the effects of computer ownership.”
On the other hand, it is appropriate to end this section by mentioning that the “rights of the students [to
basic science education] include the issues of availability, accessibility, acceptability and adaptability” UNESCO
(2010). And this statement should be extended also to the use of ICT in STEM education.
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7. CONCLUSIONS
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ICT

interventions

are

In particular, when students are less clear about how

generally multi-front and incorporate pilot projects,

they learn, this can impact upon both their motivation

specific programmes like robotics, game designs,
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and their self-esteem as learners. As a rule, one should

increasing interest in ICT and STEM because of a more

not place students in new learning situations that use

female-friendly evolution of technology (less technical,

unfamiliar ICT without guiding their learning process.

more channels for communication, community and
creativity). For both genders, risks exist in the form

Interesting positive gender effects for girls are found

of Internet addiction. This can be a problem (affecting

in that, generally, when schooling progresses and

study time), as well as a source of distractions in

students are increasingly challenged academically,

class because of technology (students using the

girls enjoy the challenge and gain self-esteem. For

devices to communicate or for entertainment, or more

instance, in robotics or video-game design projects

focused on technology than on content). But mental

very little difference between males’ and females’

firewalls can be set up by the teachers in taking up the

interest and commitment is observed. Teachers

challenge that the pedagogy should drive technology,

might take pedagogical advantage of the females’

not vice versa.

33

REFERENCES
Alexiou-Ray, J.A., Wilson, E., Wright, V.H. and Peirano, A-M. (2003). Changing Instructional Practice: The Impact of Technology Integration on
Students, Parents, and School Personnel. Electronic Journal for the Integration of Technology in Education, vol.2. http://ejite.isu.edu/Volume2No2/
AlexRay.htm
Attard, C., and Northcote, M. (2011). Teaching with technology. Australian Primary Mathematics Classroom, 16(4), 29-31. http://research.avondale.
edu.au/cgi/viewcontent.cgi?article=1026&context=edu_papers
Becta report. (2003a). Primary schools – ICT and standards. http://www.becta.org.uk
Becta report. (2003b). What the research says about using ICT in Science. http://www.becta.org.uk
Becta report. (2004). A review of the research literature on barriers to the uptake of ICT by teachers. http://www.becta.org.uk
Ben Youssef, A. and Dahmani, M. (2008). The Impact of ICT on Student Performance in Higher Education: Direct Effects, Indirect Effects and
Organizational Change. In: The Economics of E-learning. RUSC. Vol. 5, no. 1. UOC. http://www.uoc.edu/rusc/5/1/dt/eng/benyoussef_dahmani.pdf
Beresford, J. (2000). Student Perspectives on School Improvement. Paper presented at the British Educational Research Association Conference,
Cardiff University, September 7-10 2000. http://www.leeds.ac.uk/educol/documents/00001529.htm
Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., Miller-Ricci, M., and Rumble, M. (2012). Defining twenty-first century skills. In P.
Griffin, B. McGaw, and E. Care (Eds.), Assessment and teaching of 21st century skills (pp. 17-66). Springer Netherlands. http://link.springer.com/
chapter/10.1007%2F978-94-007-2324-5_2
Blackmore, J., Hardcastle, L., Bamblett, E. and Owens, J. (2003). Effective use of information and communication technology (ICT) to enhance
learning for disadvantaged school students. Canberra: DEST. http://www.dest.gov.au/sectors/school_education/publications_resources/profiles/
documents/ictreport_pdf.htm
Boyd, W., and Ellis, D. (2013). Sketching up new geographies: Open sourcing and curriculum development. Australasian Journal of Educational
Technology, 29(3), 403-415. http://ajet.org.au/index.php/AJET/article/view/142/276
Bybee, R.W. and Fuchs, B. (2006). Preparing the 21st century workforce: A new reform in science and technology education. J Res Sci Teaching
43, 349-352. http://onlinelibrary.wiley.com/doi/10.1002/tea.20147/full
Cassen, R., McNally, Mc., Vignoles, A. (2015) Making a difference in education - What the evidence says. Taylor & Francis Group /Routledge.
London. https://www.routledge.com/Making-a-Difference-in-Education-What-the-evidence-says/Cassen-McNally-Vignoles/p/book/9780415529228
Christensen, R. (1998). Effect of Technology Integration Education on the Attitudes of Teachers and Their Students. Doctoral Dissertation, University
of North Texas, http://www.tcet.unt.edu/research/dissert /rhondac/index.htm
Collins, K.L. (2016). Open Discussion on the Role of Education Technologies in Early Childhood STEM Education. http://sites.ed.gov/oese/2016/04/
open-discussionon-the-role-of-education-technologies-in-earlychildhood-stem-education
D’Angelo, C., Rutstein, D., Harris, C., Bernard, R., Borokhovski, E., Haertel, G. (2014). Simulations for STEM Learning: Systematic Review and MetaAnalysis. Menlo Park, CA: SRI International. https://www.sri.com/sites/default/files/publications/simulations-for-stem-learning-full-report.pdf
Dede, C. (2000) Emerging influences of information technology on school curriculum. Journal of Curriculum Studies, 32 (2), pp. 281-303. https://
www.learntechlib.org/p/92541
Dejarnette, N.K. (2012) America’s Children: Providing early exposure to STEM (Science, Technology, Engineering, & Math) Initiatives. Education,
v133 n1 p77-84. http://eric.ed.gov/?id=EJ996974
Dix, K.L. (2005). Are learning technologies making a difference? A longitudinal perspective of attitudes. International Education Journal, 5 (5), 1528. http://ehlt.flinders.edu.au/education/iej/articles/v5n5/dix/paper.pdf
Dix, K.L. (2007). A longitudinal study examining the impact of ICT adoption on students and teachers. PhD Thesis. Flinders University of South
Australia. http://www.flinders.edu.au/ehl/fms/education_files/staff/pdf/DixPhd.pdf

34

Downes, S. (2016). Blog’s comment on From Written to Digital: The New Literacy by Phillip Ventimiglia and George L. Pullman, http://www.downes.
ca/post/65204
Erkoc, M.F., Gecu, Z., Erkoc, C. (2013). Effects of Using Google SketchUp on the Mental Rotation Skills of Eighth Grade Students. Educational
Sciences: Theory and Practice, v13 n2 p1285-1294 Spr 2013. http://files.eric.ed.gov/fulltext/EJ1017248.pdf
Ertmer, P.A. and Ottenbreit-Leftwich, A.T. (2010). Teacher Technology Change: How Knowledge, Confidence, Beliefs, and Culture Intersect, JRTE |
Vol. 42, No. 3, pp. 255-284. http://files.eric.ed.gov/fulltext/EJ882506.pdf
European Commission (2013). Survey of Schools: ICT in Education. Benchmarking Access, Use and Attitudes to Technology in Europe’s Schools.
https://ec.europa.eu/digital-single-market/sites/digital-agenda/files/KK-31-13-401-EN-N.pdf
European Schoolnet Observatory. (2014). Innovative tools in the classroom: Implications for learning styles and gender. Briefing Papers, Issue N. 6,
March 2014. http://www.eun.org/c/document_library/get_file?uuid=c47531fc-5d3f-41ab-86c9-f19cf8858a55&groupId=43887
Eurydice (2010). Gender Differences in Educational Outcomes: Study on the Measures Taken and the Current Situation in Europe. Education,
Audiovisual and Culture Executive Agency. http://eacea.ec.europa.eu/education/eurydice/documents/thematic_reports/120en.pdf.
Eurydice (2011). Key Data on Learning and Innovation through ICT at School in Europe 2011. http://eacea.ec.europa.eu/education/Eurydice/
documents/key_data_series/129EN.pdf
Freedman, M.P. (1997). Relationships among laboratory instruction, attitudes toward science, and achievement in science knowledge. Journal of
Research in Science Teaching, 34, 343-357.
French, B.H. (2016). Technology in a gifted and talented math classroom: How it impacts students’ problem solving and mathematics learning.
Theses and Dissertations- STEM Education. Paper 7. http://uknowledge.uky.edu/stem_etds/7
Geoffrey, O. (2010). Effects of ICT on students’ learning: A case of Gulu University. Master Thesis of education, Makerere University. https://news.
mak.ac.ug/documents/Makfiles/theses/Opira_Geoffrey.pdf
Gras-Martí, A., Becerra-Labra, C., Reyes Lega, A.F., Forero, M. (2014) Evidencias para la renovación de la enseñanza universitaria de Física.
Una aplicación de la estrategia REUBE. Perfiles Educativos 4 (145). https://www.researchgate.net/publication/275545049_Evidencias_para_la_
renovacion_de_la_ensenanza_universitaria_de_Fisica_Una_aplicacion_de_la_estrategia_REUBE
Gulek, J.C. and Demirtas, H. (2005) Learning with Technology: The Impact of Laptop Use on Student Achievement. The Journal of Technology,
Learning, and Assessment, Volume 3, Number 2, 1-39. http://ejournals.bc.edu/ojs/index.php/jtla/article/view/1655
Hacieminoglu, E. (2016) Elementary School Students’ Attitude toward Science and Related Variables. International Journal of Environmental &
Science Education, 2016, 11(2), 35-52. http://www.ijese.net/makale_indir/13
Hogarth, S., Bennett, J., Lubben, F., Campbell, B., Robinson, A. (2006). ICT in Science Teaching. Technical Report. In: Research Evidence in
Education Library. London: EPPI-Centre, Social Science Research Unit, Institute of Education, University of London. http://eppi.ioe.ac.uk
Huppert J., Lomask, S. M., and Lazarowitz, R. (2002). Computer simulations in the high school: students’ cognitive stages, science process skills
and academic achievement in microbiology. International Journal of Science Education, 24 (8), 803-821.
Ilomäki, L. (2008). The effects of ICT on school: teachers’ and students’ perspectives. PhD Thesis. https://oa.doria.fi/bitstream/
handle/10024/42311/B314.pdf?sequence=3
Ilomäki, L. and Rantanen, P. (2007). Intensive use of information and communication technology (ICT) in lower secondary school: Development of
student expertise. Computers and Education, 48, 119-136. https://www.researchgate.net/publication/222419142_Intensive_use_of_ICT_in_school_
Developing_differences_in_students%27_ICT_expertise
INTEL (2012) Science, technology, engineering and mathematics education - overcoming challenges in Europe. Intel White Paper. https://www.
researchgate.net/publication/284023476
Israel, M., Maynard, K., and Williamson, P. (2013). Promoting literacy-embedded authentic STEM instruction for students with disabilities and other
struggling learners. TEACHING Exceptional Children (Special STEM Issue), 45(4), 18-25. http://tcx.sagepub.com/content/45/4/18.extract
Jayarajah, K., Saat, R.M., and Rauf, R.A.A. (2014) A Review of Science, Technology, Engineering & Mathematics (STEM) Education Research from
1999-2013: A Malaysian Perspective. Eurasia Journal of Mathematics, Science & Technology Education, 2014, 10(3), 155-163. http://www.
iserjournals.com/journals/eurasia/articles/10.12973/eurasia.2014.1072a
Jewell, S.L. (2011). The effects of the NXT robotics curriculum on high school students’ attitudes in science based on grade, gender, and ethnicity.
PhD Thesis, Liberty University. http://digitalcommons.liberty.edu/cgi/viewcontent.cgi?article=1470&context=doctoral
Jones, G., Howe, A., and Rua, M. (2000). Gender Differences in Students’ Experiences, Interests, and Attitudes toward Science and Scientists.
Science Education, 84, 180-192. http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1098-237X(200003)84:2%3C180::AID-SCE3%3E3.0.CO;2-X/
abstract
Joyce, A., Dzoga, M. (2013). Science, technology, engineering and mathematics education in EMEA advancing the agenda through multistakeholder partnerships. European Schoolnet & Intel. http://www.eun.org/publications/detail?publicationID=361

35

Kiili, C., Laurinen, L. and Marttunen, M. (2009). Students evaluating Internet sources: From versatile evaluators to uncritical
readers. Journal of the Educational Computing Research, 39, 75-95. https://jyx.jyu.fi/dspace/bitstream/handle/123456789/49368/
kiilietalstudentsevaluatinginternetsourcesfinal.pdf?sequence=1
Koutropoulos, A. (2011). Digital Natives: Ten Years After. MERLOT Journal of Online Learning and Teaching, Vol. 7, No.4. http://jolt.merlot.org/
vol7no4/koutropoulos_1211.htm
La Velle, L.B., Mcfarlane, A., Brawn, R. (2003). Knowledge transformation through ICT in science education: a case study in teacher-driven
curriculum development – case study 1. British Journal of Educational Technology, 34 (2), pp. 183-199. http://citeseerx.ist.psu.edu/viewdoc/
download;jsessionid=4A583DB4FCED2A97F60491B1B5EAD22B?doi=10.1.1.100.9924&rep=rep1&type=pdf
Leask, M. and Kington, A. (2001) Integrating ICT into Teachers’ practice. A Case Study of ICT and School Improvement at Greenfield College,
England. Case Study for OECD/CERI - ICT and the Quality of Learning research. https://www.oecd.org/edu/research/2740089.pdf
Le Boniec, M., Gras-Velázquez, À., and Joyce, A. (2011). Impact of data loggers on science teaching and learning. EUN. http://www.eun.org/
publications/detail?publicationID=189
Lenhart, A., Purcell, K., Smith, A., Zickuhr, K. (2010). Social Media and Young Adults. Pew Internet & American Life Research Center. http://www.
pewinternet.org/~/media//Files/Reports/2010/PIP_Social_Media_and_Young_Adults_Report_Final_with_toplines.pdf
Liao, Y. (1999). Gender differences on attitudes toward computers: A meta-analysis. In J.D. Price, J. Willis, D.A. Willis, M. Jost, and S. Boger-Mehall,
(Eds). Proceedings of SITE 99, (pp.1388-1393). The 10th International Conference of the Society for Information Technology and Teacher Education.
Charlottesville, VA: Association for the Advancement of Computing in Education. http://files.eric.ed.gov/fulltext/ED432287.pdf
Livingstone, S., Haddon, L., Görzig, A., and Ólafsson, K. (2011). EU Kids Online II final report. p. 42. http://eprints.lse.ac.uk/39351/
Loveless, A. (2003). The interaction between primary teachers’ perceptions of ICT and their pedagogy. Education and Information Technologies,
8(4), pp. 313-326. http://rd.springer.com/article/10.1023/B%3AEAIT.0000008674.76243.8f?no-access=true
Loveless, D., Griffith, B., Bérci, M.E., Ortlieb, E., and Sullivan, P.M. (2014) Academic Knowledge construction and multimodal curriculum
development. Information Science Development, IGI GLobal, USA. http://eric.ed.gov/?id=ED564020
Low, A., Low, J., Baldwin, S. and Greene, M. (2016). Up to Code: Teaching Computational Literacy. IT 2016 Summit SK. https://www.stf.sk.ca/sites/
default/files/it_summit_handbook_2016_0.pdf
Malmberg, J.S., Maull, K.E. (2013). Supporting Climate Science Research with 21st Century Technologies and a Virtual Student Conference for
Upper Elementary to High School Students. Learning Landscapes | Vol. 6 (2) 249.
http://www.learninglandscapes.ca/images/documents/ll-no12/malmberg.pdf
Milani, L., Osualdella, D. and Di Blasio, P. (2009). Interpersonal relationships, coping strategies and Problematic Internet Use in adolescence:
An Italian study. Front. Neuroeng. Conference Abstract: Annual CyberTherapy and CyberPsychology 2009 conference. http://10.3389/conf.
neuro.14.2009.06.068
Minnigerode, L., Reynolds, R. (2013). Don’t Give Up: A Case Study on Girls and Video Game Design. Learning Landscapes, Vol. 6, No. 2, 283-302.
https://www.scribd.com/doc/296705891/Teaching-and-Learning-in-a-Digital-World
Mistler-Jackson, M., Songer, N.B. (2000). Student Motivation and Internet Technology: Are Students Empowered to Learn Science? Journal
of Research in Science Teaching, v37 n5 p459-79. http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1098-2736(200005)37:5%3C459::AIDTEA5%3E3.0.CO;2-C/abstract
Moran, L., Thompson, L. and Arthur, P. (1999). Strategic Analysis: Improving Teaching and Learning in Australian School Education Through the use
of Information and Communications Technologies. Paper for the EdNA Advisory Group. Curtin, ACT: Lifelong Learning Associates. http://www.edna.
edu.au/edna/system/llreport/home.html
Mortensen, C. (2011). Mission Possible: Keys to One to One Success. Learning and Leading with Technology, 39 (2). ISTE (International Society for
Technology in Education), August, 2011. http://www.iste.org/learn/publications/learning-and-leading/digital-edition-august-2011.aspx
Mota, A.I., Oliveira, H., Henriques, A. (2016). Developing Mathematical Resilience: Students’ Voice About the Use of ICT in Classroom.
Electronic Journal of Research in Educational Psychology, vol. 14 (38), pp. 67-88. http://investigacion-psicopedagogica.org/revista/new/english/
ContadorArticulo.php?1018
Moundridou, M. and Virvou, M. (2002). Evaluating the persona effect of an interface agent in a tutoring system. J. of Computer Assisted Learning,
18, pp. 253-61.
https://www.researchgate.net/publication/2503392_Evaluating_the_Persona_Effect_of_an_Interface_Agent_in_an_Intelligent_Tutoring_System
National Research Council. (2011). Successful K-12 STEM Education: Identifying Effective Approaches in Science, Technology, Engineering, and
Mathematics. Committee on Highly Successful Science Programs for K-12 Science Education, Board on Science Education and Board on Testing
and Assessment, Division of Behavioral and Social Sciences Education. Washington, DC: The National Academies Press. http://www.nap.edu/login.
php?record_id=13158&page=http%3A%2F%2Fwww.nap.edu%2Fdownload%2F13158

36

Ni, X., Yan, H., Chen, S., Liu, Z. (2009). Factors influencing internet addiction in a sample of freshmen university students in China. Cyberpsychology
and Behavior, 12(3), 327-330. http://online.liebertpub.com/doi/pdf/10.1089/cpb.2008.0321
Noeth, R.J., Volkov, B.B. (2004). Evaluating the effectiveness of technology in our schools, ACT Policy Report. Retrieved from: http://www.act.org/
research/policymakers/pdf/school_tech.pdf
OECD. (2006). Education at a Glance: OECD Indicators, http://www.oecd.org/edu/skills-beyond-school/37393408.pdf
OECD. (2010). PISA 2009. Assessment Framework: Key Competencies in Reading, Mathematics and Science. https://www.oecd.org/pisa/
pisaproducts/44455820.pdf
OECD (2015). Students, Computers and Learning: Making the Connection, PISA, OECD Publishing. http://dx.doi.org/10.1787/9789264239555-en
Ofcom. (2014). Children and parents: media use and attitudes report (PDF). London: Ofcom. https://www.ofcom.org.uk/__data/assets/pdf_
file/0027/76266/childrens_2014_report.pdf?lang=cym
Osborne, J., and Collins, S. (2000). Pupils’ and parents’ views of the school science curriculum. London: King’s College London. http://www.kcl.
ac.uk/sspp/departments/education/web-files2/news-files/ppt.pdf
Osborne, J. and Hennessy, S. (2003). Literature Review in Science Education and the Role of ICT: Promise, Problems and Future Directions. Report
6: Futurelab series. https://www.nfer.ac.uk/publications/FUTL74/FUTL74.pdf
Osborne, J. (2015). Argumentation in School Science, International Symposium on STEM Education (ISSE). http://www.luma.fi/isse-2015/3682
Pajares, F. and Schunk, D.H. (2001). Self-beliefs and school success: self-efficacy, self-concept, and school achievement. Chapter in R. Riding and
S. Rayner (Eds.), Perception (pp. 239-266). London: Ablex Publishing. http://www.uky.edu/~eushe2/Pajares/PajaresSchunk2001.html
Potvin, P. and Hasni, A. (2014a). Interest, motivation and attitude towards science and technology at K-12 levels: a systematic review of 12 years of
educational research. Studies in Science Education, Vol. 50, No. 1, 85-129, http://dx.doi.org/10.1080/03057267.2014.881626
Potvin, P., and Hasni, A. (2014b). Analysis of the Decline in Interest Towards School Science and Technology from Grades 5 Through 11. J Sci Educ
Technol 23:784-802 http://download.springer.com/static/pdf/755/art%253A10.1007%252Fs10956-014-9512-x.pdf
Reinen, I.J. and Plomp, T. (1997). Information technology and gender equality: a contradiction in terminis? http://doc.utwente.nl/26456/1/Janssen_
Reinen97information.pdf
Reynolds, R. and Caperton, I.H. (2009). Development of high school and community college students’ contemporary learning abilities in
the Globaloria game design program. Annual conference of the American Educational Research Association, San Diego, CA. http://www.
worldwideworkshop.org/pdfs/Globaloria-HSandCollegeContempLearning.pdf
Ringstaff, K. and Kelley, L. (2002). The learning return on our educational technology investment. A Review of Findings from Research. Washing-ton,
DC: Office of Educational Research and Improvement. http://www.wested.org/cs/we/view/rs/619
Ruthven, I. (2008). Interactive information retrieval. Annual Review of Information Science and Technology 42:43-91. http://www.cis.strath.ac.uk/cis/
research/publications/papers/strath_cis_publication_2230.pdf
Seo, M., Kang, H. S., and Yom, Y. H. (2009). Internet addiction and interpersonal problems in Korean adolescents. Cin-Computers Informatics
Nursing, 27(4), 226-233. http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?issn=1538-2931&volume=27&
issue=4&spage=226
Sivin-Kachala, J. and Bialo, E.R. (2000). 2000 report on the effectiveness of technology in schools. Washington, D.C.: Software & Information
Industry Association. http://www.sunysuffolk.edu/Web/Central/InstTech/projects/iteffrpt.pdf
Sjøberg, S., Schreiner, C. (2010): The ROSE (Relevance of Science Education) project - An overview and key findings. University of Oslo. Available at
http://roseproject.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf.
Somekh, B., Mavers, D. and Lewin, C. (2003). Broadening access to the curriculum through using technology to link home and school: A critical
analysis of reforms to improve educational attainment for all K-12 students. The Curriculum Journal, 14(1), 23-54. http://www.esri.mmu.ac.uk/
respapers/k-12.php
Thomas, N. J., and Martin, F. H. (2010). Video-arcade game, computer game and Internet activities of Australian students: participation habits and
prevalence of addiction. Australian Journal of Psychology, 62(2), 59-66. http://onlinelibrary.wiley.com/doi/10.1080/00049530902748283/pdf
Thomas, M., editor. (2011). Deconstructing Digital Natives: Young People, Technology, and the New Literacies. Routledge.
Thompson, G. (2014). 4 Keys to Designing the Classroom of the Future. T H E Journal, 41 (9), 18-22. http://thejournal.realviewdigital.
com/?iid=101523#folio=1
Toptaş, V., Celik, S., Karaca, E.T. (2012). Improving 8th Grades Spatial Thinking Abilities through a 3D Modeling Program. Turkish Online Journal of
Educational Technology - TOJET, v11 n2 p128-134. http://files.eric.ed.gov/fulltext/EJ989021.pdf
Trindade, J.F., Fiolhais, C., Almeida, S. (2002). Science learning in virtual environments: a descriptive study. British Journal of Educational
Technology, 33 (4), pp. 471-488. http://nautilus.fis.uc.pt/personal/jtrindade/~jtrindade/pub/5.pdf
37

Trucano, M. (2011). Worst Practices in ICT Use in Education, Low-Cost Gadgets, e-Books in Africa and a Hole in the Wall: Learning from the use of
educational technologies in developing countries. Excerpts from the World Bank’s EduTech blog (Vol. II). Washington, DC: The World Bank. http://
www.worldbank.org/education/ict
Tsitsika, A., Critselis, E., Kormas, G., Filippopoulou, A., Tounissidou, D., Freskou, A., Spiliopoulou, T., Louizou, A., Konstantoulaki. E., Kafetzis, D.
(2009). Internet use and misuse: a multivariate regression analysis of the predictive factors of internet use among Greek adolescents. European
Journal of Pediatrics, 168(6), 655-65. http://link.springer.com/article/10.1007%2Fs00431-008-0811-1
UNESCO (2010) Current challenges in basic science education. http://unesdoc.unesco.org/images/0019/001914/191425e.pdf
VCAA. (2002). Victorian Curriculum and Assessment Authority. Curriculum and Standards Framework II. Information and communication technology
in the Mathematics CSF. http://csf.vcaa.vic.edu.au/ma/koma-l.htm
Volná, M., Látal, F., Kainzová, V., Říha, J. (2011). Modern tools for popularization and motivation students in Physics teaching. Problems of
Education in the 21st century, Vol. 31, 112-118. http://oaji.net/articles/2014/457-1406541007.pdf
Voogt, J. and Pelgrum, H. (2005) ICT and curriculum change. Human Technology; an Interdisciplinary Journal on Humans in ICT Environments, 1
(2), 157-175. http://www.humantechnology.jyu.fi/articles/volume1/2005/voogt-pelgrum.pdf
Wallace, R.M., Kupperman, J., Krajcik, J., Soloway, E. (2000). Science on the Web: Students online in a sixth-grade classroom. The Journal of
the Learning Sciences 9 (1), 75-104, 2000. 336. https://www.researchgate.net/profile/Raven_Mccrory/publication/242466348_Science_on_the
Web_Students_Online_in_a_Sixth-Grade_Classroom/links/0deec52d7e96c67bfa000000.pdf
Wanajak, K. (2011). Internet use and its impact on secondary school students in Chiang Mai, Thailand. PhD Thesis. Edith Cowan University. http://
ro.ecu.edu.au/cgi/viewcontent.cgi?article=1394&context=theses
Wentworth, D.K. and Middleton, J.H. (2014) Technology use and academic performance. Computers & Education 78, 306-311. https://aundriaa.
files.wordpress.com/2015/12/technology-use-and-academic-preformance.pdf
Wynn, M. (2013). Student perceptions of technology in the classroom: A faculty and student collaboration. Researcher: An Interdisciplinary Journal,
26(3), 21-33. http://connection.ebscohost.com/c/articles/94391331/student-perceptions-technology-classroom-faculty-student-collaboration
Young, K., and Rogers, R. (1998). The relationship between depression and Internet addiction. Cyberpsychology and Behavior, 1(1), 25-28. http://
netaddiction.com/articles/cyberpsychology.pdf

38

Every student needs a grandparent to link
them to the past and a PC to take them into
the future.
(A head teacher,
quoted in Leask and Kington, 2001)
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