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ABSTRACT

Niiranen, Sonja

Increasing girls” interest in technology education as a way to advance women in
technology

Jyvéskyla: University of Jyvéaskyld, 2016, 71 p.

(Jyvaskyld Studies in Education, Psychology and Social Research

ISSN 0075-4625; 558)

ISBN 978-951-39-6735-2 (nid.)

ISBN 978-951-39-6736-9 (PDF)

Technology-oriented fields are still largely male-dominated, and an effective
approach for increasing the number of women in natural science and technology
careers has not yet been achieved in EU countries. A related concern, particularly
in Finland, is that even though gender equality and non-discrimination have long
been critical concerns in education to date there has been very little of research in
Finland about girls” motivations towards technical craft or technology education,
nor about their relation to women’s career aspirations in technology-oriented fields.
The present study is my contribution to the concern of getting more women into
technology by investigating how to increase girls’ access to and interest in
technology education in basic education, and to add to our understanding of what
affects women'’s interests in entering technology-related careers in Finland. This
dissertation is compiled from four sub-studies: a document analysis (Study 1), two
questionnaire studies (Studies 2 and 3) and an interview study (Study 4). In total,
the empirical data comprises of the answers of 281 pupils to a questionnaire, the
answers of 24 women to a questionnaire and 7 interviews. The data analysis
methods varied in each of the sub-studies by use of mixed methods, or a multi-
methodological approach.

First, the findings suggest that in order to promote girls in technology educa-
tion, it would be important that they would have equal possibilities to discover
technological topics and gain self-esteem in the field already in primary school.
Based on the findings, it is also clear that there are differences in girls’ and boys’
motivations concerning the contents of technology education. Thus, curriculum
writers and teachers should pay more attention to girls in order to enable them to
see that technology is relevant for them. Concerning women in technology-oriented
fields, it is evident that the most influential career anchors were their high-level of
competence and familiarity of the field. Also, based on the findings it is evident
that there have been, and still might be, gender related issues in technology educa-
tion and in working life. To conclude, technical craft and technology education
should be developed with an eye towards gender-sensitive learning experiences
and pupils should be offered the support and encouragement needed to experience
new learning habits. Technology education has the potential to foster pupils” tech-
nological literacy in ways that respond equitably to human needs now and into the
future.

Keywords: technical craft; technology education; curriculum; girls; women;
motivation; career orientation; gendered processes; equality
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1 INTRODUCTION

Concern has been expressed for many years due to the situation that there are
relatively few women who have entered occupations in the natural sciences,
engineering or technology (e.g. Klapwijk & Rommes 2009; Mammes 2004;
Sander 2012; She Figures 2012, Women in STEM 2011). EU statistics (She Fig-
ures 2012) show that in recent years, because of efforts that have been made to
address this problem, some of the gender gaps have been slowly shrinking and
women have been catching up with men in overall employment terms and in
specific fields. Even though gender equality and non-discrimination have long
been critical concerns in education, there has been very little research in Finland
to date about girls” motivations towards technical craft or technology education,
nor about their relation to women’s career aspirations in technology-oriented
fields.

In terms of the ability to acquire understanding of and knowledge about
technology, today’s society places high demands on individuals as technologies
that mediate our lives are very complex (Elvstrand, Hellberg & Hallstrom 2012,
163; Dakers 2011). Technology education contributes to this in different ways by
providing people with required skills and technological literacy, which they
need to understand and utilize to become empowered citizens of tomorrow
(Compton 2011). Thus it can be construed that in order to introduce a more eq-
uitable gender balance in technology related topics in education and conse-
quently in the labour market, attention should be focused on offering girls more
opportunities to become familiar with technology and gain skills and experi-
ence in this area. This is important, especially in Finland, due to the fact of a
gendered history of craft and technology education. Therefore, it is highly rele-
vant to continue to expand our knowledge of technology education and to give
attention to gender differences already in primary education.

There may be many possible factors contributing to the question of what
are the main challenges in advancing women in technology-oriented fields.
However, I think it is important to investigate what role technology education
might have in this setting. This study is my contribution to this discourse, both
within Finland and internationally. Hopefully, these findings enrich under-
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standing of what could be done in order to increase girls” access to and interest
in technology education as a way to advance women in technology-related ca-
reers in Finland.

1.1 Premises of the study

In today’s society, technology is playing an increasingly important role in most
people’s lives and therefore knowledge and abilities learned through the sci-
ence, technology and engineering lessons become vital for all citizens (Ardies
2015; Banks & Barlex 2014; Ritz & Fan 2015). Whenever and wherever each of us
was born and spent our early years, we have been profoundly influenced by the
technologies we have encountered (Keirl 2011, 237). Thus, engagement with
technology is an unavoidably central component of people’s lives, and the ex-
periences with technology have an impact on personal interests, career aspira-
tions and social role patterns related to technology (Volk 2007; Williams 2009).
But what is technology? According to Dakers, Dow and McNamee (2009, 382)
in its modern sense, technology as a concept derives from the Indo-European
root tek which means “to fit together the woodwork of a woven house” and this
derivation has translated over time into the Greek term techne, which ‘came to
refer to the knowledge or skill of the tekton, one who produces something from
wood” (Porkorny 1967 cited in Roochnik 1996, 19). The term techne is typically
translated as “art’, “craft’, “skill’, “expertise’, “technical knowledge” and even “sci-
ence’ (Roochnik 1996). In the nineteenth century, technology was situated in the
realms of engineering, and these concepts still seem to share aspects that relate
to human action: ethics, sustainability, criticality and design (Dakers, Dow &
McNamee 2009, 384). Technology in the broadest sense, also used with this
meaning in this dissertation, means ‘human activity that transforms the natural
environment to make it fit better with human needs, thereby using various
kinds of information and knowledge, various kinds of natural (materials, ener-
gy) and cultural resources (money, social relationships, etc.)” (de Vries 2005, 11).

Technology education has been developed to help people with technology.
It has a role in shaping future debates and discourses by developing technologi-
cal literacy by encouraging critical thinking and by raising awareness of various
dimensions of technology (Elshof 2005; Compton 2011). The community of
technology education clearly has the potential to foster designerly thinking and
technological literacy in ways that respond equitably to human needs now and
into the future, and to work towards sustaining the ecological resources and
environments upon which such developments depend (Rockstroh 2013). Tech-
nology education can provide active engagement and participation, meaningful
experiences and concrete representations of activity. It has been suggested that
problem-based activities can assist people to become critically literate to ad-
dress issues through active engagement in both: tool-related hands-on and dis-
cursive practices of technology (Wilkinson & Bencze 2011). Technology educa-
tion would be relevant to the degree that it inspires the creativity of young peo-
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ple to invent what amounts to a ‘new’, more sustainable world (Elshof 2011;
Pavlova 2009). As de Vries, says, ‘Design is not just a matter of choosing be-
tween alternatives. It can also be the creation of new alternatives” (de Vries 2005,
97.) Also, the more recent recognition that there is a variety of cognitive skills
which can be developed and nurtured through application to a practical context
provided the basis for the promotion of the notion that this constitutes a unique
type of literacy — technological literacy (Williams 2009, 248).

Even though some countries have national standards for technological lit-
eracy and for technology education at all educational levels, its subject status
varies and there is no common framework for teaching about technology
around the world (Cross 2011; de Vries 2005). In fact, the precise identity or def-
inition of technology education is still unclear, and there are many varying ori-
entations towards teaching it in primary and secondary schools worldwide (de
Vries 2005; Williams 2009). Also, technology education professionals and re-
search in the field are confronted with an uncertain future by being somewhat
isolated and not having a solid baseline of research (Martin 2011). Some coun-
tries, such as Finland, do not have technology education as a subject in the
school curriculum. On the other hand, for example in Germany, Australia,
United Kingdom and the Netherlands the role of technology education is seen
as a vital component of education also in general secondary and high school
level, as schools provide optional courses for all of their students (Mativo,
Womble & Jones 2013). In many countries, technology education has evolved
from craft education, and with curriculum changes and subject inclusions, sub-
jects dealing with resistant materials (wood and metal), textiles and food tech-
nology have been brought together (Alaméki 1999; Cross 2011).

Another concept related to technology education is the term STEM (Sci-
ence, Technology, Engineering and Mathematics), which has become estab-
lished in the field of education, and technology is one of the subject areas in-
cluded under the STEM umbrella. All over the world knowledge and under-
standing of the subjects involved in STEM are considered vital for young peo-
ple in an increasingly science- and technology-driven society, and STEM educa-
tion is seen as a new ‘arms race’ that governments are prepared to invest heavi-
ly in (Banks & Barlex 2014). The call for improved STEM education continues
under the auspices of strengthening the flow of qualified people into the STEM
workforce and enhancing STEM literacy for the general population (Ritz & Fan
2015).

In order to understand technology education in Finnish basic education, it
is necessary to consider it within the subject of craft, especially technical craft.
In Finland, there is no independent subject called technology education or
STEM education in basic education; rather, the education on these topics is cur-
rently decentralised and taught through various subjects (Autio, Hietanoro &
Ruismaéki 2011; NCCBE 2004; NCCBE 2014). However, craft education, especial-
ly technical craft, can be seen as supporting technology education due to the
fact that as early as 1866, Uno Cygnaeus described ‘technological’ content as an
important aspect of craft education (Rasinen, Ikonen & Rissanen 2006, 449).
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Equivalent school subjects with similar objectives can be found for instance
in 'Design and Technology” (UK), ‘Sloyd” (Sweden) and 'Design, wood, metal-
work, and home economics’ (Denmark) (Lepistd & Lindfors 2015). Since those
times, boys have traditionally studied technical craft while girls have studied
textile craft. Craft education is a practical subject with hands-on activities, and
pupils actively practise experimentation, investigation, invention, problem solv-
ing and designing skills. In craft education workshops (technical and textile),
pupils are working with different materials and techniques when working with
their projects.

When considering the relation of technology education and the craft sub-
ject, technology as a concept was only introduced —but not defined —for the
first time in the Finnish Framework Curriculum for Comprehensive Schools in
1985 as a component of the craft subject, ‘technical work and textile work’
(Rasinen, Ikonen & Rissanen 2011, 99). In the next Framework Curriculum for
Comprehensive Schools in 1994, technology was more clearly mentioned in the
general objectives of the curriculum, however, the document did not give oper-
ational instructions on how to study technology (Rasinen et al. 2006). Finland’s
National Core Curriculum for Basic Education 2004 (hereinafter NCCBE 2004),
which is still in effect, introduced seven cross-curricular themes in Finnish edu-
cation, one of which is ‘Human beings and technology’, that self-evidently ad-
dresses technology education. The objectives of this theme dictate that basic
education has to offer pupils fundamental knowledge of technology, its devel-
opment and impacts; it also has to guide pupils towards sensible choices and
lead them to consider the ethical, moral and equality issues associated with
technology (NCCBE 2004). These themes should have the central emphasis in
educational and teaching work and they should be included in studies of vari-
ous subjects. Even though technology education remains undefined in any
depth, it appears that much of the technological content of the ‘'Human beings
and technology’ theme is studied during technical craft lessons and they share
same specific aims (Jarvinen & Rasinen 2015). Also, pupils seem to think there
is a connection between manual skills and technology due to the fact that 90 %
of the pupils regarded them as interrelated (Jarvinen & Rasinen 2015).

Despite of the guidelines of NCCBE 2004, most schools in Finland have
still guided pupils to choose between technical and textile craft after grade four
and teaching and learning of craft has been based on traditional gender segre-
gation (Lepistd & Lindfors 2015; Wakamoto 2012). Based on a performed re-
analysis of the assessment data of Finnish National Board of Education 2010 by
Hilmola (2015), many schools in Finland still guide pupils to choose between
technical and textile craft after grade four (see also NCCBE 2004). The data of
4,792 pupils revealed that even though the gendered division between technical
and textile craft still exists, more girls are choosing technical craft than before,
although boys are not choosing textile craft (Hilmola 2015). According to those
data, 52.4% (1,275) of the girls studied only textile craft and 59.4% (1,444) of the
boys studied technical craft. A total of 9.1% (221) of the girls but only 0.7% (18)
of the boys chose opposite to the prevailing trend for their gender, with the girls
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opting for technical craft and the boys opting for textile craft. Depending on the
school’s policies, some pupils did not choose between the crafts but studied
both equally. In the data of 4,792 pupils, 37.6% (915) of the girls and 38.7% (940)
of the boys studied both technical and textile craft. (Hilmola 2015.)

The guideline in Finland’s new National Core Curriculum for Basic Edu-
cation 2014 (hereinafter NCCBE 2014) is that craft should be an integrated sub-
ject for girls and boys during compulsory lessons in grades one to seven. Then,
craft should include instruction in both technical craft and textile craft for all
pupils at the basic education level. The objectives of the above guideline dictate
that it will not be possible to teach crafts based only on the contents of either
technical craft or textile craft; rather, the contents of both crafts will be needed
when the NCCBE 2014 is implemented. There is also a distinct argument that in
the teaching of crafts, methods relating to both technical craft and textile craft
are used. The main change from the NCCBE 2004 is the fact that the core con-
tents of technical craft and textile craft will no longer be taught or referred to
separately. Pupils’ own interests in implementing craft education will be em-
phasised in the future, but the interpretation of this in practice remains to be
seen when the new curriculum comes into effect in August 2016.

In terms of discipline, this dissertation is situated in education and more
specifically in the field of technology education. The four sub-studies included
in this dissertation continue the tradition of technology educational research
that originated at the department of teacher education in the University of
Jyvéskyld where lecturers Matti Parikka and Aki Rasinen conducted the first
technology education experiment beginning in 1991. During this experiment
three doctoral dissertations related to technology education were finalised in
Jyvéaskyld (Kantola 1997; Parikka 1998, Rasinen 2000). During the years 2007-
2009 I took part in the European Union funded project called Understanding
and Providing Developmental Approach to Technology Education (UPDATE)
project, which is where I found the inspiration for this research. The technology
education team in the department of teacher education, referred to as the “E-
team’, has focused on research that relates to developing technology education
curriculum as well as pedagogical and gender aspects in technology education.
This dissertation is also related to research in psychology and sociology on the
issues of motivation, career aspirations and equality.

1.2 Aim and structure of the dissertation

In embarking on this research, my purpose was to gain a deeper understanding
of what could and should be done in order to increase girls” access to and inter-
est in technology education in basic education and ultimately women’s interests
towards technology-related careers in Finland. In order to investigate those is-
sues, I have compiled four sub-studies, introduced briefly in this dissertation.
The original articles on each of the sub-studies are given as appendices at the
end of the dissertation. All these four studies, with their own specific aims and
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research questions, investigate issues related to technology education and gen-
der in basic educational schools in Finland and women in technology-oriented
fields.

Study 1 (Article I) aims to define technology education, with a special fo-
cus on describing Finnish technology education in detail based on Finland’s
current NCCBE 2004. Then, in order to produce broad knowledge on primary
school aged pupils” motivations and interests in technology education, Study 2
(Article II), an empirical study, aims to clarify pupils’ motivation towards tech-
nology education and technical craft in primary school. In Study 3 (Article III),
also an empirical study, the research focus was broadened to include adults,
women, who have actually entered a career in a technology-oriented field. The
aim of the study was to explore what are the main factors that have an effect on
women'’s decisions to study and enter a career in technology-oriented field and,
specifically, to investigate whether studying craft, and especially technical craft,
during basic education affects their decisions. Study 4 (Article IV) also focuses
on women in a technology-oriented field. The aim of the study was to explore
inequality that women may experience when studying and working in technical
craft and technology education. Specifically, this study focuses on investigating
the gendered processes that might exist in the area of craft education, especially
in relation to technical craft in Finland. A semantic overview of these sub-
studies and their relation to the general aim of this dissertation is given in Fig-
ure 1.
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Women in technology-
oriented fields
(Studies 3 and 4)

- Career anchors
- Gendered processes

Technology education in Finnish Pupils” motivation and
National Core Curriculum for interests towards technology
Basic Education 2004 education
(Study 1) (Study 2)

FIGURE 1 A semantic overview of the four sub-studies included in this dissertation

The structure of the dissertation is as follows. In Chapter 2, I introduce the
background and the contexts related to the four sub-studies. This chapter is di-
vided into four parts that reflect topics related to girls and women in technolo-
gy: 2.1) women in STEM fields, including a discussion about the problematic
situation of technology as a male-dominated area; 2.2) motivational differences
between girls and boys in technology education; 2.3) women in technology-
oriented fields; and 2.4) gender equality and inequality regimes women may
experience when studying and working in today’s technology-oriented fields.
The third chapter describes the methodologies of the sub-studies, i.e. research
questions and how data were collected and analysed. In Chapter 4, I summarise
the main findings of each of the sub-studies. In Chapter 5, first I discuss the
findings of the four sub-studies as pieces of an integrated solution by highlight-
ing some practical suggestions for developing technology education in the fu-
ture. After the discussion, I reflect on the research process and address the ethi-
cal considerations included throughout each study. Finally, I offer some view-
points for future research.



2 THEORETICAL BACKGROUND OF THE STUDY

In the following section, I discuss the theoretical starting points and main
concepts used in this dissertation. My intention is to position the study within
the field of educational and technology educational research. Thus, I will first
begin with outlining the central premises of the current situation concerning
women and technology (2.1). Next, I will review in detail the concepts of
motivation (2.2), career anchors (2.3) and gendered processes (2.4) that are
related to the four sub-studies I have carried out. Within this framework I aim
to introduce perspectives connected to girls’ in technology education and
women in technology.

2.1 Women in technology

Technology has a deeply gendered history, and the discourses relating to gen-
der and technological activity reflect this fact by labelling it “masculine” and ‘not
a place for a woman’ (Layton 1993, 35 in Murphy 2006). When defining gender,
I see it as it has been presented in Gendered Innovations (2013, 9) as a “socio-
cultural process that refers to cultural and social attitudes that together shape
and sanction ‘feminine’ and ‘masculine’ behaviours, products, technologies,
environments, and knowledge’.

In general, Western masculinity is associated with independence, self-
reliance, strength and leadership, and femininity with conformity, passivity,
nurturing and concern for people (Riggs 1994). Even at a young age, children
experience social processes that expose them to ideas of what it means to be a
girl or a boy in their society, and they start to construct their identities through
observation of others and participation in communities such as peer groups
(Paechter 2007). Additionally, other people in their lives, such as parents and
educators, also have an influence on reinforcing the development of early gen-
der-typed attitudes and behaviours or punishing those that contradict gender
norms (Turja, Endepohls-Ulpe & Chatoney 2009). Although there is a scarcity of
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technology education research concerning the early childhood years, it has been
pointed out that one aspect of learning gendered behaviour patterns, identified
in the early 1980s, is the impact of children’s toys and play (Francis 2010;
Elvstrand, Hellberg & Hallstrom 2012). Children are directed towards certain
types of play, and provided with certain kinds of toys, which afford opportuni-
ties for girls to develop communication skills and emotional literacy, and for
boys to develop technical knowledge and skills (Francis 2010). It has also been
suggested that girls have difficulty in building a relationship with technology,
which could serve to promote their interests in technological careers and activi-
ties, because they have less experience than boys in playing with technological
toys (Mammes 2004). It appears that girls use technology in a different way
compared to boys. When constructing something, girls often have a special
purpose (an object for use) when building something they need in play; boys on
the other hand more often see the process of construction itself as play, and the
main purpose of the playing (Elvstrand et al. 2012).

Murphy (2007) indicates that if learning is thought as a process of creating
meanings, among other things, then it can be understood as a relationship
among people in an activity. In this process, gender is a significant influencing
element embedded in our thinking and routines (Murphy 2007, 239). She also
adds that often when attempting to represent masculinity and femininity, they
are placed in opposition; in other words, what one is, the other is not (Murphy
2007, 240). Blaine (2007) argues that even if categories help us to economise our
cognitive resources and develop stereotypes, we simultaneously risk discarding
a great deal of individual information. Also, these group-based beliefs do not
provide very accurate information about the individuals who belong to the
group (Blaine 2007). Madureira (2012) clarifies that the concept of gender is al-
ways viewed in a socio-cultural context. From that perspective, embedded be-
liefs, values, stereotypes, prejudices and practices mark what is socially ex-
pected from men and women (Madureira 2012). However, as Goffman (1979)
claims, there is no static gender identity, only a learned capacity to absorb and
provide depictions of masculinity and femininity (McDermott 1996, citing
Goffman in Murphy 2007, 240).

Even though technology is somewhat neglected in early childhood educa-
tion curricula in EU countries, boys are able to maintain their interest in techno-
logical topics and activities while girls tend to turn away from technology at an
early age (Turja et al. 2009, 362). However, it has been shown that students will
opt for technology if they have come into contact with technology in a positive
way, are confident in being good at technical things, have certain skills and ex-
perience in the area, and feel that a technical profession matches their self-
image (see Eccles 1987). Regardless, women fall behind with respect to these
factors, as girls tend to come into contact with technology less often, thereby
acquiring fewer skills and less knowledge about technology (Klapwijk &
Rommes 2009, 405). They also tend to be less confident with their capacities and
their attitudes towards natural sciences were less positive compared to boys (de
Weerd & Rommes 2012).
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Based on various studies, it is evident that an increase in the number of
women in technical careers has not yet been achieved in EU countries, and the
reluctance of women to enter occupations in the natural sciences or technology
is still a challenge that many educators confront all over the world (e.g.
Klapwijk & Rommes 2009; Mammes 2004; Sander 2012; She Figures 2012). Girls
are, on average, more successful at school, and tend to achieve higher grades
than boys, but they less frequently enter science, engineering or technology
paths of study (Endepohls-Ulpe 2012; She Figures 2012). There are, however,
some differences between European countries in terms of women pursuing
careers in science and technology — for example, the number of women in STEM
fields in Eastern European countries (especially in Bulgaria and Romania) is
notably higher than in other European countries (Quaiser-Pohl 2012). Quaiser-
Pohl (2012, 54) reflects that the reasons for the differences between the different
countries lie in various factors of their political and social structures, e.g. the
educational system of a country and its economic situation, and in its public
and private institutions.

2.2 Girls’ motivation towards technology education

Technology has become ubiquitous in societies, and people constantly need to
acquire various new technological skills and knowledge to manage daily tasks.
Consequently, it is important that technology education incorporates all chil-
dren in the provision of equal opportunities for technological literacy. Research
measuring pupils’ motivation and attitudes towards technology, as well as
gender-related interests in technology, has been gaining momentum. In general,
girls tend to have negative attitudes towards STEM, and they also appear to
have lower self-efficacy as well as lower intellectual and practical interest in
STEM-field subjects. (Ardies, De Maeyer & Gijbels 2013; de Vries 2005; Ende-
pohls-Ulpe, Ebach, Seiter & Kaul 2012.) A striking result in a study of women in
the science, technology, engineering and mathematics professions was that not
one of the 15 women questioned said that their interest in science or technology
was in any way evoked in kindergarten or at primary school (Sander 2012).
When considering girls” interest towards technology education and learn-
ing, motivation is in a central focus. Ryan and Deci (2000) argue that the con-
cept of motivation reflects the natural propensity for human beings to learn and
act, so that a person who feels inspired to act in a certain way and is energized
or activated towards achieving a specific end is considered motivated. Motiva-
tion is a multifaceted, dynamic phenomenon; people not only have different
amounts, but also different kinds of motivation (Ryan & Deci 2000). Motivation
can be divided into two basic categories: intrinsic and extrinsic motivation. In-
trinsic motivation refers to doing something because it is inherently interesting
or enjoyable while extrinsic motivation refers to doing something because it
leads to a distinct outcome or reward (Ryan & Deci 2000). It can be also argued
that there is a third motivational construct, amotivation, which occurs when
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someone does not perceive contingencies between actions and outcome (Autio
et al. 2011). A propensity for intrinsic motivational tendencies appears to be ex-
pressed under specific conditions that elicit, sustain and enhance this special
type of motivation versus those that subdue or diminish it (Ryan & Deci 2000).
The meanings derived from situations are linked to one’s existing purposes,
goals and intentions and can therefore be catalysed in various situations (Hill
2007; Ryan & Deci 2000). Also, depending on the era and educational culture,
definitions of motivation emphasize either intrinsic or extrinsic factors as its
main driving force.

Kosonen (1996) states that a person is always in a state of motivation that
is affected by her/his goals, motivational orientation or direction, earlier expe-
riences, knowledge and skills, emotions, social interactions and attitudes. Peo-
ple’s goals, as well as perceptions of their work in a particular learning task,
play a significant role in determining their motivation as well as the strength of
their individual motives (Kosonen 1996; 2010; Shachar & Fischer 2004). Kosonen
(1996) adds that motivation can be divided into various kinds of motives, which
function as a basis for conceptualising it. In her theory, the motivation catego-
ries are described as (1) motives based on emotional experiences, (2) motives
based on accomplishment and achievement, (3) motives based on social interac-
tion, (4) motives based on external incentives, (5) motives based on benefits and
rewards and (6) motives based on reluctance (see Kosonen 1996). Johnson and
Johnson (1985) have defined how the motivation to learn is generated through
interpersonal processes that are also determined by the social interactions
among learners and/or teachers within the learning situation. These interac-
tions create different motivation systems, which in turn affect learners’
achievement levels and expectations differently (Johnson & Johnson 1985).
Therefore, motivation is always defined by the values of an individual student,
and intrinsic and extrinsic factors contribute to their motivation (Hytti,
Stenholm, Heinonen & Seikkula-Leino 2010).

One complementary approach to define motivation is to focus on learners’
interests. Interest in this context refers to choosing something among alterna-
tives or favouring something over its alternatives (Rust 1977). Hidi and
Harackiewicz (2000) distinguish between individual and situational interest.
According to them individual interest is seen as a relatively stable motivational
orientation towards some particular topic, while situational interest refers to a
short-lived, situation-specific interest (Hidi & Harackiewicz 2000, 152). Differ-
ences in school subjects and contents therefore have an effect on learning, de-
pending on how important they are felt to be. Interestingly some studies show
that activity-oriented subjects (music, craft and technology, art education) are
the most popular and most motivating subjects for pupils in basic education
(Hilmola 2011; Juntunen 2011; Laitinen 2011; Seiter 2009).

When looking for possible differences between girls” and boys” ambitions
and motivations it is evident that there are some significant variations regard-
ing attitudes towards technology. In general boys find technology less boring
than girls, and this interest becomes even greater with age, resulting in boys
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becoming much more interested in technology (Ardies, De Maeyer, Gijbels &
van Keulen 2015). Behavioural and personality differences between girls and
boys can be seen already at a young age when children play. Girls play in
smaller groups and are more tolerant with rules, and for them the game itself is
less important than the relationships between the participants (Riggs 1994). It
has been shown that girls state a preference for working together, and social
interaction between the pupils in a classroom is evidently important for girls
(Murphy 2007). However, in classroom work pupils appreciate having respon-
sibility and autonomy for their own learning, and this is an essential aspect of
technology education pedagogy. A study of autonomy-supportive teachers
highlighted that those teachers who supported students” autonomy and initia-
tive created more intrinsic motivation in their students (Reeve, Bolt & Cai 1999).
Evidently teachers play an important role as socializers by influencing students’
motivation and attitudes towards technology.

Studies have revealed that interest and self-efficacy with respect to tech-
nology arise early in childhood (Endepohls-Ulpe et al. 2012). Parents, especially
when they have a profession related to technology and children’s technological
toys at home, have a positive influence on their children’s attitudes when they
are young (Ardies et al. 2015). It has been shown that several activities and
themes in early childhood education could be included to promote technology
education by sparking children’s interests towards it and initiating discussions
about it (Turja et al. 2009). Studies have also indicated that already at the prima-
ry school level, boys are more self-confident than girls in learning technical
skills, and despite an equal or nearly equal achievement between girls and boys
in mathematics, it is noted that in science and technology education girls need
to receive more encouragement and appreciation for their competence from
their teachers (de Weerd & Rommes 2012; Endepohls-Ulpe 2012; Jakku-
Sihvonen 2013; Murphy 2007). Although female students may be equally or
even better qualified than their male fellow students, they often decide in fa-
vour of typically female professions thereby giving away the chance to shape
technology according to their own interests (Sander 2012).

It is critical for teachers and educators to be interested in understanding
what motivates students to learn. By engaging them with meaningful activities
and by supporting them in their studies students can be helped to see technolo-
gy as a field of relevance for their everyday activities and their future careers.

2.3 Women in technology-oriented fields

The opportunities women have to shape their own lives have dramatically
increased in the past few decades (Quaiser-Pohl & Endepohls-Ulpe 2012).
Technology-oriented fields, however, are still a rather male-dominated area, nor
has an effective approach for achieving a higher number of women in natural
science and technology careers yet materialised in EU countries. The reluctance
of women to enter occupations in the natural sciences or technology has already
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been established in number of previous studies (e.g. Klapwijk & Rommes 2009;
Mammes 2004; Sander 2012). Based on the statistics of She Figures (2012, 18) the
share of women among highly educated people working as professionals or
technicians is 53%, but the proportion drops to 32% among women employed
specifically as scientists and engineers, a narrower category of employment.
The preliminary results of She Figures (2015) indicate that despite positive signs,
large differences remain when it comes to the subjects that women and men
study in higher education. For example, women’s representation in engineering,
manufacturing and construction studies remains low (She Figures 2015). This
exemplifies the problem of gender segregation.

In relation to the recruitment for technical professions, women are often
treated as a homogeneous group (Klapwijk & Rommes 2009). However, factors
influencing career development are broad and are often distinguished as being
intrapersonal and contextual (van Tuijl & van der Molen 2015). The choices that
men and women make are influenced by the particular options that are availa-
ble to them, by each person’s basic goals, motivation and self-definition, as well
as by the balance between the attainment value and the perceived costs of vari-
ous options (Endepohls-Ulpe et al. 2012). The low interest of women in STEM
fields is a complex problem and requires more research to explain the variety of
factors contributing to this lack of interest. While students’ individual hierar-
chical patterns of occupational values, such as their interests, enjoyment, per-
ceived competence or self-efficacy are influential to their career aspirations,
‘subjective task values’ (STV)—the perceived values of various subjects or activ-
ities—also play a key role in the choices individuals make regarding their fur-
ther education and occupation (Chow, Eccles & Salmelo-Aro 2012; van Tuijl &
van der Molen 2015).

Schein (1996) has conceived the concept of career anchors that describes an
individual’s “internal career’, which he defines as a subjective sense of where an
individual is heading in their career. An individual’s career anchor can be de-
scribed as their self-concept, incorporating perceived career-related abilities and
talents, values, motivations and needs (Schein 1996). The following anchor cat-
egories (a modified version of Schein 1996; Klapwijk & Rommes 2009) present a
person’s orientation toward their career (see Table 1).
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TABLE 1 Career anchors

Category Description

Security/ Presents a person’s orientation to finding a good em-

Stability ployer and a job that guarantees permanent employment
for a longer period of time. Nowadays, this anchor
should be extended to include general employability in a
field; that is, how many different career paths are availa-
ble.

Autonomy/  Presents a person’s orientation to seek a job where she or

Independence he can work independently and autonomously.

Life style Presents a person’s orientation to the possibility of inte-
grating more than one career and personal family con-
cerns into a coherent overall pattern.

Technical/ Presents a person’s orientation to an awareness of the

Functional importance of knowledge and skills in the field. These

competence  people know that they are very talented in something
and are also highly interested in pursuing their skills and
learning more.

General Presents a person’s orientation to a preference to work as

managerial a high-level general manager.

competence

Entrepreneur- Presents a person’s orientation towards becoming an en-

ial creativity

Service/ Ded-
ication to a
cause

Pure chal-
lenge

trepreneur or developing more of an autonomous career
for him- or herself.

Presents a person’s orientation to the ambition to choose
a profession in order to achieve certain ideals such as
serving humanity or improving the environment.
Presents a person’s orientation to defining his or her ca-
reer in terms of overcoming all odds, and a preference
for constantly seeking variation and new challenges ra-
ther than concentrating on a single functional skill.

Schein initially developed the career anchors concept to describe individuals’
inner career orientations, but especially nowadays, outer factors must also be
taken into account to describe peoples” orientation to decide what they want to
do in their lives. Also, it is argued that traditional career theories have largely
been premised on male experiences, values and goals (Mavin 2001). With a
masculine image of technology and technical sector professions, career anchors
need to be revised in order to provide a wide range of information in relation to
women’s career aspirations.

It is evident that individuals are susceptible to influence from their fami-
lies with regard to occupational choices, especially in relation to technical ca-
reers (Beauregard 2007; Sander 2012). Regarding parents” or families’ influence
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on women’s occupational choices, it has been stated that those children who
have a father and/or mother with a technological profession have greater ambi-
tions for pursuing a technological job themselves, and are more interested in
and less anxious about technology (Ardies 2015). Studies also indicate that
women who see the profession of scientist or engineer as a possible and desira-
ble career have science and/or engineering-related qualifications, knowledge,
interest and contacts in their family (Engstrom 2015; Sander 2012). Also, these
women'’s interests in technology and science are often initiated by their father
(Sander 2012; Luomalahti 2004).

When dealing with the theme of women in technology-oriented fields,
studies indicate that women who choose to study and work in technology are
confident in being good at technical things, and have acquired skills and expe-
rience in that area (Eccles 1987; Sander 2012). Those female technical university
students who chose an engineering education were aware that their aptitudes,
especially in mathematics but also in natural sciences, that would bring them
success (Engstrom 2015). Another study of motivational factors for taking up a
career in a technological field revealed that compared with their non-
engineering peers, both male and female engineering students reported higher
self-efficacy, and intellectually- and practically-based interests regarding tech-
nical themes (Endepohls-Ulpe et al. 2012). It appears that stereotypically tech-
nology-oriented fields are insufficiently associated with values such as creativi-
ty, service, autonomy and entrepreneurship (Klapwijk & Rommes 2009, 403).
This is quite paradoxical, as engineering is often defined as the creative applica-
tion of scientific principles to problem solving (Dandy & Warner 2000). Con-
temporary practical engineering work in many domains revolves around crea-
tive problem solving skills supported by a fundamental understanding of the
scientific principles and practical tools related to the domain.

Peoples’ attitudes develop slowly and over a long period of time, making
it difficult to influence on them through learning activities that are not sus-
tained (Volk 2007). In addition, studies indicate that a student’s career aspira-
tions are largely stable from the age of 14, but are not linear and can be influ-
enced by education (Ardies et al. 2015). Therefore, schools and teachers in the
natural-sciences- and technology-related subjects should focus more intensively
on providing information about the broad range of vocations, activities and op-
portunities that STEM fields offer.

Women's presence in technological fields is desirable due to the fact that
diversity fosters excellence in research and innovation (Gendered Innovations
2013). This leads to the question of what are the main challenges in advancing
women in technological fields?

24 Gendered processes

As presented in Gendered Innovation (2013) gender is an important factor that
influence to the ways we speak, our mannerisms, the things we use, and our



26

behaviour, which all signal who we are and establish rules for interaction.
Moreover, gender norms refer to attitudes about the behaviours, preferences,
products, professions, and knowledge, which are appropriate for women
and/or men. Gender norms draw upon and reinforce gender stereotypes,
which are widely held, idealized beliefs about women and men, femininities
and masculinities. These norms are produced through social institutions such as
families, schools, workplaces, and universities and within wider cultural prod-
ucts such as textbooks, literature (e.g. fairy tales), films, and video games.
(Gendered Innovation 2013.)

All organisations have inequality regimes, which can be defined as loosely
interrelated practices, processes, actions and meanings that result in and main-
tain class, gender and race inequality (Acker 2006). Acker (1990) argues that an
organisation or any other analytic unit, for example, a family, has gendered pat-
terns based on distinctions between masculine and feminine or male and female.
These patterns include advantages and disadvantages, exploitation and control,
action and emotion, and meaning and identity (Acker 1990, 146). She also de-
scribes how these social processes are often complex and gendering occurs in
various interacting processes that are parts of the same reality in practice, alt-
hough analytically distinct (Acker 1990). According to her, the first set of pro-
cesses is the construction of divisions of labour (Acker 1990, 146). These pro-
cesses are allowed behaviours, allowed locations in physical space and allowed
power, including institutionalised means of maintaining divisions in the struc-
ture of labour markets or in the family. The second set of processes is the con-
struction of symbols and images (Acker 1990, 146) that explain, express or rein-
force divisions between women and men, and take many forms for example in
language, ideology, dress. The third set of processes, that produces gendered
social structures involve interactions between women and men (Acker 1990,
146-147) including all of those patterns that result in the enactment of domi-
nance and submission. These processes help to produce gendered components
of individual identity, which may include awareness of other aspects of gender
such as choice of appropriate work, language use or clothing, and presentation
of self as a gendered member of an organization (Acker 1990, 145-147).

Gender equality and non-discrimination have long been of primary con-
cern in Finnish education, and these factors are set to attain legislative status
based on the renewed National Core Curriculum for Basic Education 2014
(Committee on Alleviation of Segregation 2010; Curriculum Reform in Finland
2016). It has been claimed that basic education still demonstrates a very tradi-
tional image of gender roles to their pupils (Berg, Guttorm, Kankkunen, Kokko,
Kuoppamaiki, Lepisto, Turkki, Vdyrynen & Lehtonen 2011, 98; Kokko 2008). In
spite of many years of curriculum work around gender equality, education in
craft is still often gendered because girls mainly study textile craft with a female
teacher, while boys study technical craft with a male teacher (Kokko & Dillon
2011). Is basing technology on domestic roles the way to express to girls what
kind of technology they need (see Murphy, 2007)? Such a marked gender dif-
ference in school must have an effect on girls if they are planning a future career
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in a technology-oriented field. It has been shown, for example in the UK, that
many professions still seem to remain gender-segregated, meaning that many
jobs are either male or female-dominated and most children and young people
continue to prefer gender-appropriate jobs dominated by their own sex (Miller
& Hayward 2006).

If gender is viewed as a social construction that emerges as pupils commit
to meanings and positions (e.g. gendered processes) while participating in ac-
tivities in subject contents, then its influence on pupils can be changed (Murphy
2007). Technology education should focus on providing pupils gender-sensitive
learning experiences that recognise both girls’ and boys” different interests as
individuals. To achieve this, attention should be paid to dismantling assump-
tions about what girls and boys can and want to do, and pupils should be of-
fered the support needed to develop new learning habits (Murphy 2007). Fur-
thermore, in order to help pupils to develop their attitudes towards technology
and find their own position in relation to it, technology education should be
expanded to include a broader view of technological practices, which embrace
wider and more future-oriented conceptions of technological activity and ca-
reers (Murphy 2007, 250).

Education can be considered to have an important impact on preparing
children and young adults to participate in the rapidly changing technologies of
the future and to provide them with the abilities and knowledge necessary to
perform a wide variety of jobs (van Tuijl & van der Molen 2015). Indeed, there
is increasing evidence of the importance of career-related decisions made dur-
ing the primary school years (Auger, Blackhurst & Wahl 2005). Teachers are
playing a key role in dismantling gendered practices and renewing the image of
technology education, because they are well placed to alter pupils” perceptions
and indeed their whole identity (Murphy 2007).



3 RESEARCH METHODS

In this research, my general aim has been to provide information about two re-
search questions: 1) How can girls” access to and motivations in technology ed-
ucation be increased in Finnish basic education? and 2) What affects women’s
interests in entering technology-related careers in Finland? What both of these
perspectives have in common is whether increasing girls” access to and interest
in technology education at the basic education level might ultimately increase
the number of women who enter technology-oriented fields in Finland. To do
so, I have implemented four separate sub-studies each dealing with different
issues related to female pupils at schools and adult women employed or study-
ing in technology-oriented fields.

3.1 Methodology of the four sub-studies

Each of these studies approaches the main research task from a different point
of view, in order to gain a holistic picture of the research topic. In each study,
different data and analysis methods were utilised, and were determined by de-
pending on the aim and focus of the research. This way it was possible to in-
clude a variety of groups related to my research interests and to discover new
valid elements related to the data. The methods are presented in more detail in
the original studies (Articles I-1V), however in the following sections I provide a
brief introduction that summarises these studies and their research questions,
empirical data and analysis methods (see Table 2).
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TABLE 2 Overview of the specific research questions, the data, and the analyses
used in the sub-studies
Sub-study Title of original | Research ques- | Empirical data Analysis meth-
article tions od
Article I Technology What is technol- | Finnish National | Theory-oriented
(Study 1) education for ogy education in | Core Curricu- qualitative con-
children in pri- | Finland? lum for Basic tent analysis
mary schools in Education 2004
Finland and
Germany: dif-
ferent school
systems, similar
problems and
how to over-
come them
Article II Gender-based What is the Questionnaire Explorative Fac-
(Study 2) motivational structure of pu- | completed by tor Analysis
differences in pils’ motivation | pupils (n=281) (EFA), t- tests
technology edu- | towards tech-
cation nology educa-
tion in primary
school grades
five and six?
What are the
main differences
between girls’
and boys” moti-
vations?
Article III Women in tech- | What are the Semi-structured | A qualitative
(Study 3) nology-oriented | main elements questionnaire theory-oriented
fields that have an (n=24) content analysis

effect on wom-
en’s decisions to
study for and
enter a career in
technology-
oriented fields?

Specifically,
does studying
crafts, and espe-
cially technical
craft, during
basic education
affect their deci-
sions in this
context?
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Article IV
(Study 4)

Female technol-
ogy education

teachers’ experi-
ences of Finnish

What are the
inequality re-
gimes women
may experience

Semi-structured
theme inter-
views

A qualitative
theory-oriented
thematic analy-
sis

craft education when studying

and working in
today’s technol-
ogy-oriented

world?

Specifically, do
gendered pro-
cesses exist in to
technical craft
field?

3.2 Study1l

The aim of the first study was to define technology education with a special fo-
cus on describing Finnish technology education in detail. This study reported
the results of the European project called UPDATE (Understanding and Provid-
ing a Developmental Approach to Technology Education) Workpackage 3
(WP3). The data for this study consisted of the pre-analyses of the curricula
made in collaboration with WP3 project partners during 2007-2009 and of Fin-
land’s NCCBE 2004 document. The five EU countries included in the study
were Austria, Estonia, France, Germany and Finland. The content analysis for
the five EU curricula was created by assessing successive parts of the pre-
analysed curriculum documents based on certain criteria or elements for coding.
Aki Rasinen (the first author of Article I) was the principal investigator in this
project and carried out a large part of this analysis.

My role was specifically to perform the detailed analysis of the Finnish
NCCBE 2004. Therefore, in addition to the previous comparison, a concentrated
theory-driven content analysis was carried out for the NCCBE 2004. When per-
forming the analysis of NCCBE 2004, an integrated theoretical framework (see
Article 1) was created and utilized in the analysis. This framework was devel-
oped to provide more concise guidelines for the analysis by presenting more
detailed contents and pedagogical aspects for technology education. The
framework was an adaptation of two models: Parikka’s (1998 see Appendix 1)
model for defining the concept of technology and Parikka’s and Rasinen’s (1993
see Appendix 2) model of definition of technology education. In addition to
these two models, concepts used in the framework were categorised, when cre-
ating the framework, into levels 1-3 to create a hierarchy for a multidimension-
al concept of technology and to describe the development of pupils” technologi-
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cal literacy step by step. Thus the levels described the mental processes of pu-
pils” understanding and the level of technological competence.

Qualitative, theory-driven content analysis was determined to be the best
method for describing the meanings of qualitative material in a systematic way
due to the use of pre-determined analytical criteria, because as Schreier (2012)
argued, if there are certain criteria or a theory for interpretation, meanings can
be more standardised. The advantage of using theory driven (framework or
criteria in this study) qualitative content analysis was that the procedure pro-
vided categories to centre the analysis. These aspects in a framework guided in
interpretation and provided headings for textual descriptions. In the analysis,
the detailed textual descriptions of the objectives and contents of each subject
and cross-curricular theme in the NCCBE 2004 were categorised into the levels
1-3.

3.3 Study 2

The second study was driven by the need to examine what would raise girls’
interest in technology education and encourage them to see technology as
something relevant for them. In order to produce broad knowledge on primary
school aged pupils’ motivations and interests in technology education, it was
relevant to expand the perspective to study pupils at school and to compare
girls” and boys’ motivations. To do so, a quantitative questionnaire study was
conducted via a structured questionnaire for pupils in the fifth and sixth grade
(n = 281, 144 girls and 137 boys). A questionnaire study allowed me to gather a
quantitatively larger data set and therefore it was possible to gain representa-
tive knowledge on the phenomenon. Potential schools were asked whether they
wanted to participate in the study, and once they agreed paper questionnaires
were printed and sent to the schools in 2009. Seven schools took part in the
study. The schools varied in their size and location, including bigger and small-
er schools from both cities and rural areas in Finland, representing the overall
situation in Finnish craft and technology education. In schools, classroom
teachers asked pupils to fill in the questionnaire and then the teachers returned
them to me.

The questionnaire consisted of questions concerning pupils” backgrounds
(e.g., age and gender), whether pupils had studied technical craft, textile craft,
neither or both in school, as well as a series of motive statements (1-32, see Arti-
cle II). In this study, a motivation instrument from Kosonen (1996) was applied
to investigate the structure of pupils’ motivations. However, the questionnaire
was modified in order to obtain information about essential aspects of technol-
ogy education that was not described in Kosonen’s instrument. In her study,
she created motivation categories based on a factor analysis in order to study
pupils” motivations in music. Craft and technology education is similar to mu-
sic as instruction of both of these subjects provides pupils with tools and skills
to develop their own identity and do practical things. The difference between
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the subjects is self-evidently in the contents and in the working processes. The
motivation categories that were used in this study were (1) motives based on
emotional experiences, (2) motives based on the contents of technology, (3) mo-
tives based on accomplishment and achievement, (4) motives based on social
interaction, (5) motives based on reluctance and (6) motives based on the work-
ing process. The category 2 was modified in order to obtain information about
the contents of technology education and the category 6 was replaced to inves-
tigate the aspect of working processes in technical craft and technology educa-
tion.

An ordinal Likert scale measurement was created to measure the level of
agreement of the participants. Pupils were asked to mark their degree of
agreement or disagreement on, for each motive statement, on a Likert scale of
1=I fully agree to 4=I fully disagree. Likert scale is the most widely used scale in
surveys and typically it is five-levelled. Designing a scale with balanced keying,
an equal number of positive and negative statements can obviate the problem of
acquiescence bias or tendency of participants to answer ‘I don’t know’. Espe-
cially with children the use four-level Likert scale is preferable (Metsdamuuro-
nen 2009).

In the analysis phase, a Principal Component Analysis (PCA) was per-
formed first in order to obtain the information necessary for determining if the
data may be used in subsequent analysis. The idea of using the PCA was to in-
vestigate redundancies by variable procedure. This method is used in a situa-
tion like this study where there are a number of variables and there is an as-
sumption that they would inter-correlate under more general, underlying vari-
ables. O'Rourke and Hatcher (2013) explain that PCA is virtually identical to
Exploratory Factor Analysis (EFA), but that there are significant conceptual dif-
ferences between the two, and both methods can be used to identify groups of
observed variables that tend to hang together empirically. Factor analysis is
used when the researcher believes that one or more unobserved or latent factors
exert directional influence on participants’ responses to observed variables
(O'Rourke & Hatcher 2013). These variables with high inter-correlations will
measure one underlying variable, which is called a factor.

Factor analysis is mostly used for large data sets to create indices with var-
iables that measure conceptually- similar things (Metsémuuronen 2009). It is a
useful tool for investigating variable relations for complex concepts such as mo-
tivation. Therefore, in order to examine the structure of pupils’ motivations to-
wards technology education, an Explorative Factor Analysis (EFA) was per-
formed on the motive statements. EFA is used when there is not a definite pre-
defined idea or structure of the variables. EFA helps the researcher identify the
number of such latent factors (O'Rourke & Hatcher 2013). Maximum Likelihood
was used as the method of extraction while the rotation method utilised was
Direct Oblimin (for more detail see the original Article II), which allows for the
correlation of factors. After extracting the factors using reliability-measurement-
counted EFA, mean scores and Cronbach’s alphas, the reliability coefficients for
the mean scores were computed using the obtained factor structure as a basis.
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Then independent samples t-tests were used to examine gender-related differ-
ences in pupils’ motives. Also, Cohen’s d was used to indicate the magnitude of
the difference between girls” and boys” means.

34 Study3

In the third study, the research focus was broadened to include adults, women,
who have actually entered a career in a technology-oriented field. The study
sought to determine what are the main factors that affect women’s decisions to
study and enter technology-oriented fields and, specifically, to investigate
whether studying crafts, and especially technical craft during basic education
affects their decisions. This study was carried out using a semi-structured ques-
tionnaire, and the data were collected in 2014-2015. Potential participants were
asked to participate in the study, and questionnaires were sent by email for
those who agreed. The study group consisted of 12 female technical craft and
technology education teachers who graduated from various universities in Fin-
land and 12 female engineering students from the Tampere University of Tech-
nology and Aalto University’s School of Engineering. The rationale behind
choosing participants from these different areas of technology was a desire to
investigate whether these women shared similar reasons for entering careers in
technology-oriented fields.

The teachers worked in schools of basic education and taught technical
craft and technology education for pupils at grades 3-9 (ages 9-15). Six of the
teachers had studied to become primary school teachers (grades 1-6, ages 7-12)
in their university education, and had studied 25 or 60 European Credit Trans-
fer and Accumulation System (ECTS) units of technical craft and technology
education. The remaining six teachers had studied to become secondary school
teachers (grades 7-9, ages 13-15) and in their university education they had also
studied 60-240 ECTS of technical craft and technology education. The primary
school teachers in this study had graduated from the Department of Teacher
Education in Jyvéskyld, University of Jyvaskyld, the School of Applied Educa-
tional Science and Teacher Education in Savonlinna, University of Eastern Fin-
land and School of Education in Tampere University, University of Tampere.
The secondary school teachers were graduated from Department of Teacher
Education in Rauma, University of Turku, Department of Teacher Education in
Helsinki, University of Helsinki and School of Applied Educational Science and
Teacher Education in Savonlinna, University of Eastern Finland. The teachers
were 26-54 years old and had been working as a technical craft and technology
education teachers from 1 to 29 years.

The engineering students were 20-29 years old and had been studying for
2-6 years. The students were chosen from two of the main Universities of Tech-
nology in Finland that provide education in an engineering field. The students
were from a range of degree programmes: Mechanical Engineering, Civil Engi-
neering, Information Technology, Signal Processing and Communications, Ma-
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terials Engineering, Environmental and Energy Technology, Electrical Engi-
neering, Biotechnology and Science and Engineering,.

The semi-structured questionnaire for this study consisted of questions
concerning background information (e.g., age and studies in general), whether
participants had studied either technical craft or textile craft or both in school in
grades three to nine, and for how long. Then participants were asked about
their basic educational studies, how they felt about craft and technology educa-
tion during their basic education and how much they studied mathematics,
physics, chemistry, biology and ICT, so called STEM subjects. Participants were
also asked about their hobbies and the work of their family members. In addi-
tion, participants were asked to reflect freely on the following themes: “Why did
you decide to study what you are studying now/have studied?’; “"What do you
think affects a woman's interest in studying technology?’; and ‘If you could
change or add something to basic education, what would that be?’

The data were analysed by using a qualitative theory-oriented content
analysis. This type of analysis was chosen because it is a suitable method for
examining material with descriptive content, especially if the phenomenon be-
ing studied is relatively unknown (Schreier 2012). For this analysis, Schein’s
(1996) theory of career anchors was used to provide guidelines for the analysis.
When using qualitative content analysis, the primary aim was to investigate
and discover themes based on the frequency of their occurrence. This logical
inference allowed the discovery of something new. Meaningful sentences or
themes and manifest content were chosen as the analysis units. After coding,
the analysis units were grouped and categorised based on the higher order
heading of the theory of career anchors. In addition, three additional categories
were derived from the data: ‘familiarity’, ‘encouragement” and ‘limited options’.
In the abstraction phase, general descriptions of a ‘female engineer profile” and
‘a female technology education teacher profile” were formulated.

3.5 Study 4

Finally, the fourth study aimed to identify inequality that women may experi-
ence when studying and working in today’s technology-oriented field. Specifi-
cally, this study focused on investigating the gendered processes that might
exist in the area of craft education, especially in relation to technical craft in Fin-
land. As was stated in Chapter 2, technology has a deeply gendered history,
and the discourses relating to gender and technological activity reflect this fact
by labelling it “‘masculine’ and “not a place for a woman’ (Layton 1993, 35 in
Murphy 2006). Therefore, I wanted to investigate if technology education in
Finland has socio-cultural processes that refer to cultural and social attitudes
that shape and sanction feminine and masculine behaviours, environments, and
knowledge.

The study was carried out using semi-structured theme interviews and the
data were collected at the end of 2014. Potential participants were asked wheth-
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er they wanted to participate in the study, and interviews were carried out with
those who volunteered. All candidates who were asked to participate in the
study decided to do so. The data consisted of interviews with seven female
technical craft and technology education teachers who have graduated from
various universities in Finland. These teachers were working in schools for
basic education teaching technical craft for pupils in grades three to nine. Three
of the participants were primary school teachers and four of them worked in
secondary-level schools. All of them had studied at least 25 (ECTS) of technical
craft and technology education in university.

The semi-structured theme interview consisted of questions concerning
background information (e.g., age and studies in general), whether participants
had studied technical craft, textile craft or both in school from grades three to
nine, and to what extent they had studied it. Then participants were asked to
reflect on various themes concerning their basic educational studies, and their
studies of technical craft and technology education at university. The themes of
the questions were: ‘'How was it like to study technical craft at school and what
was your attitude towards it?’, “Why did you want to become a technology ed-
ucation teacher?’, '"How were your craft teachers and were they males or fe-
males?, ‘Did you experience any gendered actions during your studies at
school or at the university or later on as a technical craft teacher?’

In the analysis phase, a qualitative theory-oriented thematic analysis was
carried out through identification, coding, analysis and reporting of patterns
within the data (Braun & Clarke 2006). Qualitative research involves an inter-
pretative approach of the world and it provides a possibility to acquire overall
understanding of the phenomena under study. However, in order to achieve a
better response to the theoretical assumptions, Acker’s (1990) theory of gen-
dered processes was used in the analysis. In the theory-oriented qualitative
theme analysis, the first step was to formulate explicit definitions and coding
rules for each category by determining which textual examples will be coded
under which category. In the second step, the identified themes were listed
based on the frequency of their occurrence, and grouped and categorised under
headings of gendered processes theory (Acker 1990). In the abstraction phase,
general descriptions of each category were created with original examples from
the data.



4 SUMMARIES OF THE ORIGINAL SUB-STUDIES

In this chapter, an overview of the main findings is presented based on the orig-
inal studies. The theoretical background, research questions and main findings

of the studies are summarised in a Table 3.

TABLE 3 Summary of the main findings related to the research questions of the
sub-studies
Sub-study Title of original | Research ques- | Theoretical Findings
article tions background
Article I Technology What is technol- | Theoretical In Finland, tech-
education for ogy education framework nology educa-
children in pri- | like in Finland? | based on a mod- | tion reveals a
mary schools in el from Parikka | gender related
Finland and and Rasinen division. Tech-
Germany: dif- 1993 nical craft is
ferent school relevant to the
systems, similar degree that it
problems and has the potential
how to over- to develop stu-
come them dents’ skills by
enhancing the
creativity and
innovativeness.
Article I Gender-based What is the Motivation in- There are some
motivational structure of pu- | strument for differences in
differences in pils’ motivation | studying moti- girls” and boys’
technology edu- | towards tech- vational aspects | motivations
cation nology educa- in arts subjects concerning the
tion in primary (Kosonen 1996) | contents of tech-
school, grades nology educa-
five and six? tion.
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What are the
main differences
between girls’
and boys” moti-

The difference
was significantly
evident in six of
the nine factors.

vations?

Article III Women in tech- | What are the Theory of career | The most influ-
nology-oriented | main elements anchors that ential anchors
fields that have an describe indi- were a high level

effect on wom- viduals” internal | of competence

en’s decisions to | career aspira- related to the

study for and tions (Schein field and famili-

enter a career in | 1996) arity with the

technology- field. Relatively

oriented fields? important an-
chors were secu-

Specifically, rity and stability

does studying of the field and

crafts, and espe- encouragement

cially technical from family or

craft, during teachers.

basic education

affect their deci-

sions in this

context?

Article IV Female technol- | What are the Theory of gen- Women have
ogy education inequality re- dered processes | experienced
teachers” experi- | gimes women (Acker 1990) gendered pat-

ences of Finnish
craft education

may experience
when studying
and working in
today’s technol-
ogy-oriented
world?

Specifically, do
gendered pro-
cesses exist in
technical craft?

terns as divi-
sions of labour,
symbols and
images, and
interactions be-
tween women
and men during
their basic edu-
cation, at uni-
versity or in
their work life.
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4.1 Article I: An analysis of technology education

Rasinen, A., Virtanen, S., Endepohls-Ulpe, M., Ikonen, P., Ebach, J. & Stahl
von Zabern, J. 2009. Technology education for children in primary schools in
Finland and Germany: different school systems, similar problems and how to
overcome them. International Journal of Technology and Design Education
19(4), 367-379.

The first study aimed to define and compare the technology education curricula
of five EU countries (Austria, Estonia, France, Germany and Finland), with a
special focus on describing Finnish technology education in more detail. These
results are based on the work of European UPDATE project Workpackage 3
(WP3). The data consisted of the pre-analyses of curricula from Austria, Estonia,
France and Germany and a detailed analysis of Finland’s NCCBE 2004. In order
to describe technology education at a more detailed level, a theoretical frame-
work (see Article I) was created and used for providing more concise guidelines
for the analysis. The analyses of the five EU countries” curricula concentrated on
describing technology education for school children ages 6-12 (primary and jun-
ior secondary levels). The central aim was to discover the strengths and weak-
nesses of each country’s curriculum and system for organising technology edu-
cation. Another objective was to identify any gender-related reasons why girls
drop out of technology education and lose interest in technological careers. The
following five factors were taken into account in the analysis: 1) position and
status of technology education in the curriculum, 2) aims of the technology ed-
ucation, 3) pedagogical means and methods for technology education, 4) the
main themes and structure of the curriculum’s content and 5) the characteristics
of the teachers in charge of technology education.

Based on the comparison of the positions of technology education one
could basically claim that technology education as a discrete subject at this level
of education does not exist in any of these countries. In Austria pupils studied
“technical education’, in Finland “technical work” (as a domain of craft) and in
Estonia ‘craft and technology education” in basic education. In addition, in Fin-
land a cross-curricular theme, namely ‘Human beings and technology’, relates
to technology education. In France studies of technology can be described as
somewhere between science and technique, ‘applied science and applied tech-
nology’. In German primary schools (grades one to four) technological contents
are studied during social studies ‘sachkunde” and ‘craft’ lessons. One of the
problems in technology education is the differentiation between a craft subject
or courses on crafts (except in France). As a conclusion it could be stated that
because technology education does not have a discrete status, it is studied
mainly during craft and social studies lessons.

The aims of technology education are often general in nature or very sub-
stance-related, without clear operational instructions on how to implement
them in practice. There are no standards or clear instructions on how to imple-
ment technology education, nor is there a distinct ‘identity” for technology edu-
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cation in these five countries. Also the contents, especially in relation to crafts
can be quite traditional and therefore do not educate children to meet the tech-
nology of today. Only Estonia has a teachers” handbook for all classes, and in
Austria only one book for junior secondary schools is available. The national
curricula or the guidelines for technology education are imprecise and ambigu-
ous and this looseness appeared to be one reason for the huge gap between cur-
riculum guidelines and actual teaching. This lack of specifics in curricula and
guidelines therefore makes it difficult therefore for teachers with any or very
little education in technology to teach contents with which they are not familiar,
particularly if there is no easy access to resource materials.

The analysis of the pedagogical means and methods for technology educa-
tion showed that there was more to be studied than mere contents. The empha-
sis in education should be on pedagogical approaches such as: observation; ex-
ploration; experimentation; discovery; analysis; problem solving; design; manu-
facture and innovation. A detailed analysis of one Finnish national curriculum,
NCCBE 2004, revealed that pupils are encouraged only during technical craft
lessons to learn important skills like innovativeness, inventiveness, creativity
and problem solving in a technological context. Technical craft can be seen as
supporting technology education by encouraging pupils in the creative use of
various materials and techniques for different purposes. This could be com-
bined with studying technological structures, concepts, systems, applications
and attempts to find creative solutions to the problems they encounter.

Regarding the girls” reservation concerning technological topics, and taking
into account the findings presented above, especially in Finland, some basic prin-
ciples for instruction in technology education were suggested. First, when tech-
nology related aspects are often studied during technical craft lessons and if pu-
pils are guided to choose between technical and textile craft after grade four, it can
be construed that technology education reveals a gender-related division. This
division means that those girls who study textile craft in these grades do not par-
ticipate in technology-related activities that are part and parcel of technical craft
studies. Secondly, based on the analysis of NCCBE 2004, technical craft is relevant
to the degree that it has the potential to develop students’ skills in many ways by
enhancing the creativity and innovativeness of young people. The importance of
these competences in the field of technology are relevant for several areas of life.

4.2 Article II: Gender-based motivational differences in technol-
ogy education

Virtanen, S., Riikkonen, E., & Ikonen, P. 2015. Gender-based motivational
differences in technology education. International Journal of Technology and
Design Education, 25(2), 197-211.

The aim of the second study was to examine what would raise girls” interest in
studying technology and encourages them to see technology as something rele-
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vant for them. To accomplish this aim, a questionnaire study was conducted for
pupils in the fifth and sixth grade in primary school (n = 281, 144 girls and 137
boys). The questionnaire consisted of questions concerning pupils” background
(e.g., age and gender), whether pupils had studied technical craft, textile craft,
neither or both in school as well as a series of motive statements (1-32). For each
motive statement, pupils were asked to mark their degree of agreement or disa-
greement on a Likert scale of 1-4 (1=I fully agree, 4=I fully disagree). In order to
examine the structure of pupils’ motivations towards technology education as
consisting of various motives, an Explorative Factor Analysis (EFA) was per-
formed on the motive statements. Then, independent samples ¢ tests were used
to examine gender differences in pupils” motives (see Article II).

In relation to the contents of technology, the study showed that girls were
clearly more interested than boys in studying environment-related issues. Girls
also enjoyed making useful and decorative artefacts for their homes slightly
more than boys. In contrast, boys liked building electronic devices. One expla-
nation for this result might be that electronic projects are done mainly during
technical craft lessons, and 62 % of the girls included in this study studied only
textile craft. Interestingly, boys and girls equally were happy about creating
their own ideas and realising them. Also creating an attractive artefact was
equally important to them. These findings indicate that pupils care about what
kinds of artefacts or projects are made in craft lessons and therefore teachers
should leave room for pupils” own designs.

The study also revealed that boys are more self-confident than girls in
learning crafts skills. Boys were significantly more enthusiastic about craft les-
sons than girls, and boys felt that they could learn new things and that it was
fun for them to learn how to use different tools. Boys felt a bit more excited than
girls when doing crafts and strongly disagreed that it was boring. Moreover, it
was evident that social interaction between the teacher and the pupils in class
was an important factor for girls. Girls hoped to receive support and encour-
agement from their teachers and had minor fears of doing something wrong.
They also needed to receive encouragement and appreciation for their technical
competence, particularly from their teachers. These findings demonstrate the
importance of introducing girls to technology education and taking extra effort
in encouraging them in their studies.

A factor of the working process (group work and problem solving) indi-
cated that in general, pupils enjoyed working in groups and had a preference
for working with someone. However, compared to girls, boys were more eager
to solve problems and test and try things. Having pupils working in groups
may not automatically contribute to learning but it can reinforce pupils’ motiva-
tion towards the task. Evidently pupils had a preference for group work and
problem solving tasks.

As a conclusion, on the basis of these findings, it is clear that there are dif-
ferences in girls’ and boys” motivations concerning the contents of technology
education and how important pupils perceive the subject to be. Curriculum
writers and teachers should pay more attention to girls in order to enable them
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to see that technology is relevant for them. If the considerations and findings of
this study are taken into account in curriculum planning and teaching, girls
might see technology education as something valuable for them, thereby be-
coming and remaining motivated to study it.

4.3 Article III: Women in technology-oriented fields

Niiranen (née Virtanen), S. & Niiranen, S. 2015. Women in technology-
oriented fields. Australasian Journal of Technology Education 2.

Whereas the first and second studies aimed to investigate technology education
in curriculum level at schools, and also pupils” motivation towards it, the third
study sought to determine what were the main factors that had an effect on
women’s decisions to study and enter a career in technology-oriented fields. Ad-
ditionally, the specific focus was on finding out whether studying technical craft
during basic education had affected women'’s decisions in their career aspirations.
The study was carried out by use of a semi-structured questionnaire with 12 fe-
male technical craft and technology education teachers and 12 female engineer-
ing students. The data was analysed by using a qualitative theory-oriented con-
tent analysis. After categorising the data, two career orientation profiles were
formulated. These profiles state the main elements, or anchors, that had an effect
on the women's decisions to study and enter a career in technology-oriented
fields based on the participants” responses to the questionnaires.

TABLE 4 Female career anchors

Female engineer profile

The most influential career anchor identified by these women was “technical or functional com-
petence’. Many (10/12) of the respondents noted that they had a high level of competence and
interests in mathematics, physics, chemistry or biology. Because of these talents and strong mo-
tivation to pursue these skills in studies and work life, they decided to become an engineer, and
therefore technical university was a natural choice for them. ‘Familiarity” was also a relatively
meaningful factor in their career orientation. Half of the respondents (6/12) commented that
one of their parents, a sibling or a husband has studied to be, and is working as, an engineer or
in a field related to engineering. Because of the example of the family, it was easier for them to
enter engineering. Also, a reason for becoming an engineer was to choose something completely
opposite from what their mother is doing in a soft field as an artist or in health care. In addition,
a relatively important factor for nearly half (5/12) of the women was the “security/stability” of
the field. Their reason for entering to study in a technological field was being well employed
and to finding a good employer. They expected to find work easier than in other fields and that
technological fields are not so economically insecure, or rather the salary is better. “Encourage-
ment’ was only somewhat important for some (3/12) of the respondents. These said that they
had received support and encouragement from the family to enter a technical field or in general,
and had been encouraged to get a higher education degree.
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Female technical craft and technology education teacher profile

One of the most influential career anchor identified by these women was “technical or func-
tional competence’. While many (9/12) of the respondents had studied honours mathematics
and/or physics at school, almost all (11/12) have high-level competence in crafts, enjoy crafts
and creating things with their hands. They have always liked making and building different
things as a child, and were good in crafts at school. ‘Familiarity” was also a meaningful factor
in their career orientation (11/12). One of the parents or many members of their family are
also teachers and/or working in a field related to craft or engineering. In their family, they
had always made things by their own hands, and had many skilful people who are very in-
terested of crafts. Also a relatively important factor for these respondents was ‘encourage-
ment’ (5/12), because one of the reasons for choosing to study technical craft and technology
education was the encouragement from the teachers during technical craft studies at universi-
ty. ‘Security/stability” was only somewhat important for them (3/12). The reason for study-
ing to become a technical craft teacher was a better likelihood of finding a job, because in gen-
eral the field offers good employment options even in smaller municipalities. Also, because of
the new national curriculum 2016, a broad understanding and qualification in craft education
will enhance working options when looking for a job. In addition, a somewhat important
factor was ‘limited options” of choosing a minor subject in their studies. Some (3/12) of them
chose technical craft and technology education because it was the only good choice as a minor
subject.

Based on these findings, it is evident that the most influential career anchors for
these women were their high-level of competence and familiarity of the field.
Therefore, in order to advance women in technology, it would be important
that girls would have the possibility to discover technological topics and gain
self-esteem in the field already in primary school. Also, as not all parents are
interested in crafts and technology, or work in a technology-oriented field, and
in order to raise the interest of those girls who will have no example from their
family, it is important that schools take more responsibility for providing in-
formation and role models for these possible study and career options. There-
fore, it would be necessary to improve school counselling and guidance in
providing pupils with information about their study options and job possibili-
ties in technology-oriented and engineering fields. In addition, teachers in the
natural sciences and technology-related subjects should focus more intensively
on showing the technology related skills and knowledge that are needed later
in working life, especially for girls.
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4.4 Article IV: Female technology education teachers’ experiences
of Finnish craft education

Niiranen, (née Virtanen), S. & Hilmola, A. (2016). Female technology educa-
tion teachers’ experiences of Finnish craft education. Technology and Design
Education: An International Journal, 21(2).

The fourth and last study focused on to identify the inequality that women may
experience, when studying and working in a technology-oriented field. Specifi-
cally, the study focuses on investigating the gendered processes that exist in the
area of craft, especially in relation to technical craft, as being a representative
part of technology education in basic education. The study was carried out us-
ing a semi-structured theme interviews and the data consisted of the interviews
of seven female technical craft and technology education teachers. The partici-
pants were asked to reflect on various themes concerning their basic education-
al studies of technical craft and technology education, their technology-related
studies at university and about the craft education at the schools in which they
were working. The data were analysed by the use of a qualitative theory-
oriented thematic analysis and the discovered themes were listed and then
grouped and categorised under headings of gendered processes theory (Acker
1990).

The study showed that almost all of these women had experienced gen-
dered patterns as divisions of labour (Acker 1990, 146) at school, when choosing
which craft (textile or technical) to study or some of them did not even to have
any opportunity for that decision. At that time, and even today many schools in
Finland guide pupils to choose between technical and textile craft after grade
four (Hilmola 2015). While all of these women had studied textile craft in
grades five to seven, many of their statements of choosing revealed aspects of
allowed behaviours or institutionalised means of maintaining the division in
craft. Their reflections were: T1: ‘I chose textile craft because I felt that it was the
way it should be done; however, I also liked textiles a lot’, T2: “The atmosphere
then was that technical craft was for the boys and something else was for the
girls’, T3: ‘I would have needed some encouragement or a friend with me to
choose technical craft’, T4: ‘Girls and boys were separate, girls in textile and
boys in technical craft’, T5: ‘I did not get much help or encouragement from the
technical craft teacher, so I chose textile craft because it was easier for me’, T6: ‘1
wanted to choose technical craft, but I was told at home to choose textile craft’
and T7: “At that time, there was not any decision making about this question’. It
can be seen that many of these women chose textile craft instead of technical
craft in primary school due to a tacit assumption that girls should automatically
choose textile craft or based on other reasons such as parents’ encouragement or
peers’ decisions or group pressure.

The gendered processes, construction of symbols and images (Acker 1990,
146), takes many forms that express and reinforce the division between women
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and men. Six of the participants remembered having only male technical craft
teachers during their basic education (grades one to nine). This result revealed
that the image of technology as a masculine domain has been striking, but in
addition, how working was pedagogically organised and what pupils did dur-
ing lessons had an effect on girls” perceptions. Some of the participants also re-
membered that the products they were guided towards during technical craft
lessons were gendered for female pupils, for example, a doll’s bed, and that al-
most all the products were pre-designed by a teacher (male) and therefore they
were perceived to have a male perspective for using them. Some of the women
remembered gendered appearing actions by their teachers, such as never re-
ceiving help at all from the teacher during the lesson or the teacher’s unwilling-
ness to help them solve problems or show them how to do something. One of
the participants reported that it was only the teacher who could use the ma-
chines, while they as pupils (girls only) used hand tools.

The third set of processes, interactions between women and men (Acker
1990, 146-147), appeared to be most evident in terms of the women’s own
schooling, but also later in their studies at university and while working as
technical craft teachers. All seven participants had experienced gendered pat-
terns involving the enactment of dominance, submission, questioning or won-
dering from male teachers, colleagues, technical support staff at school or boys
at school. This set of processes were further divided into three sub-categories: 1)
Belittling and questioning: that describes a situation where a person speaks to
another in a way that patronises or belittles the other person on the basis of
gender by using questions such as the following: ‘Oh my, do you really know
how to do this?’, ‘Do you actually know what this is?’, “Well that should be
done this way, you know” or “Well you don’t need it anyway, so I don’t have to
show you that’. 2) A request to prove skills: that describes a scenario where a
woman is asked to prove her skills, for example, ‘If you can’t prove that you are
adequately skilled and really able to do this...” or a scenario where someone is
looking for specific qualifications but gets ‘angry” because a person is qualified
but is a woman. In this context, however, some of the participants experienced
women being used as a good example of a technology teacher on the basis of
their superior skills. 3) Denial: that describes the behaviour of a person who will
not cooperate at all or will not accept a woman as a colleague without receiving
an extra compensation.

In terms of gendered components of individual identity (Acker 1990, 147),
six of the participants presented the aspects or assumptions of a woman’s tech-
nical craft identity as a member of that group. The most evident assumption
was related to the expectation of having excellent technical skills. As one partic-
ipant said ‘I did not believe that my own skills were good enough to study it’
and another one expected that ‘all boys must be so dexterous and good in that’.
One participant stated that ‘there might have been rarely one girl, in technical
craft, who was also very skilled”. One participant saw this in a way that “as I
have been a skilled girl who can do all these things, it was not a problem for me
to be a girl in technical craft’. Also, possessing traits of masculinity such as be-
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ing relaxed and not taking things too seriously was mentioned in one partici-
pants’ response as she expressed that ‘I am, myself, quite relaxed and do not
stress easily and I also do not want to be with people who take things too seri-
ously. I felt that male students are not like that and knew that many of them
were going to study technical craft, so I thought that studying with them would
be nice’. Also, one participant said ‘often female students were working with a
male student in order to get some kind of help and support, but I did not have
one to work with. - I wanted to show that I can do it alone and manage with-
out male help’.

To conclude, if technical craft and technology education in Finland is seen
as an important subject in providing young people opportunities to work in a
practical way, accessing the domain of technological knowledge and working
technologically, girls should be provided with equal opportunities to experi-
ence these issues. Also, based on the findings of this study, it is evident that
there have been, and still might be, gender related issues in technology educa-
tion and in working life. These actions and processes must have an effect on
girls when they are planning their futures. Should girls be encouraged not dis-
couraged towards technology?



5 CONCLUDING DISCUSSION — SEARCHING FOR
WAYS TO ENCOURAGE GIRLS IN TECHNOLOGY
EDUCATION

Based on various studies, it is evident that an increase in the number of women
in technical careers has not yet been achieved in EU countries, and the reluc-
tance of women to enter occupations in the natural sciences or technology is
still a challenge that many educators confront all over the world (Klapwijk &
Rommes 2009; Mammes 2004; Sander 2012; She Figures 2012). Even though
girls seem to be, on average, more successful at school, they less frequently pur-
sue science, engineering or technology paths, and certain disciplines remain
overwhelmingly male (Endepohls-Ulpe 2012; She Figures 2012). Studies have
also shown that interest and self-efficacy with respect to technology arise early
in childhood and it is therefore important for technology education to step up
and spark children’s interests towards it (Endepohls-Ulpe et al. 2012; Turja et al.
2009). In the present study my aim was to contribute to efforts to get more
women to study technology and pursue technological careers by investigating
on how to increase girls” access to and interest in technology education at the
basic education level and finding out what affects women’s interests in entering
technology-related careers in Finland. In this chapter, I shall discuss and sum
up the challenges in developing technology education on the basis of my empir-
ical findings.

5.1 Girls in technical craft and technology education

The first two studies were conducted in an attempt to define and examine tech-
nology education in Finland based on current NCCBE 2004 and to explore pu-
pils” motivation towards technical craft and technology education. The general
aim behind those studies was to investigate how girls” access to and interest in
technology education could be increased. As described in the previous chapters
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and in Study 1 an internationally shared concern related to technology educa-
tion is that it has a discrete status in only a few countries’ curricula. Aspects of
technology are studied; however, these activities often occur during craft or so-
cial studies lessons. In Finland, crafts, especially technical craft, can be seen as
supporting technology education. In addition to craft studies there is the ‘Hu-
man beings and technology’ cross-curricular theme that self-evidently address-
es technology education. The cross-curricular themes are implemented in a way
that teaching is integrated with different subjects, and the ‘Human beings and
technology’ theme shares much of its technological content with the objectives
of technical craft. When dealing with the issue of girls in technology education
in Finland the situation becomes even more complicated. The NCCBE 2004
states that craft instruction should encompass core technical and textile content
in grades one to seven. In addition, pupils may be given the chance, in their
craft studies, to emphasize either technical or textile craft according to their in-
terests and inclinations. Despite the guidelines of the NCCBE 2004, many
schools in Finland still guide pupils to choose between technical and textile
craft after grade four and exclude the other craft from their studies (Hilmola
2015; Wakamoto 2012). This depends on the school’s policies; however, crafts,
and therefore also technology education in Finland reveals a strong gender-
related division. The division of crafts in grades five and six creates a situation
whereby girls who study textile craft in these grades do not participate in tech-
nology-related activities that are part and parcel of technical craft studies. In
fact, girls in grades seven to nine rarely choose to study technical craft, or even
have the option to choose it. One might ask whether girls need encouragement
to opt for a wider range of technical subjects, rather than those defined by the
role of a traditional homemaker. This marked gender difference in crafts must
have an effect on girls when they are planning their future careers.

A deeply gendered history in craft studies and the discourses relating to
gender in technological activity have labelled technology as a masculine and
male-dominated arena. The situation will change in August 2016 when Fin-
land’s new NCCBE 2014 will come into effect. According to the Finnish Nation-
al Board of Education, the need for a renewed core curriculum stemmed from
the major changes society has undergone since the beginning of the 21st century
(Curriculum Reform in Finland 2016). The guideline in the new NCCBE 2014 is
that crafts should be an integrated subject for girls and boys during compulsory
lessons in grades one to seven and it should include both technical craft and
textile craft for all pupils. The objectives of the above guideline dictate that it
will not be possible to teach crafts based only on the contents of either technical
craft or textile craft; rather, the contents of both types of craft lessons will be
needed when the NCCBE 2014 is implemented. There is also a distinct argu-
ment that in the teaching of crafts, methods relating to both technical craft and
textile craft are used. The main change from the previous NCCBE 2004 is the
fact that the core contents of technical craft and textile craft will no longer be
taught or referred to separately. The NCCBE 2014 dictates that pupils’ own in-
terests related to craft should be emphasised in the future, but the interpretation
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of this in practice remains to be seen when the new curriculum comes into effect
in August 2016. This change is compatible with current views of gender equali-
ty meaning that people can develop their abilities and make choices without
gender related restrictions (Jakku-Sihvonen 2013).

Today’s society places high demands on individuals in terms of the ability
to acquire understanding of and knowledge about technology (Elvstrand et al.
2012, 163). Technical craft and technology education is relevant to the degree
that it has the potential to develop students” skills in many ways by raising their
awareness of the various dimensions of technology, including technological
literacy, and also enhancing the creativity and innovativeness of young people.
Technology education is also important in providing young people opportuni-
ties to work in a practical way, accessing the domain of technological
knowledge and working technologically both individually and alone (Jarvinen
& Rasinen 2015; Martin 2012). Thus, the development of crafts into an integrat-
ed subject for both girls and boys can be seen as a positive change when think-
ing about girls” possibilities to study technology. However, in the new NCCBE
2014 curriculum, there is a concern for technology education in relation to how
technological issues will be studied in the future during other subjects’ lessons
than crafts. Even though the new curriculum emphasises that pupils are to be
provided with the knowledge, skills and competencies needed in society and
their working lives in the future, technology as a cross-curricular theme, or now
overarching theme, does not actually exist anymore as such. One challenge that
has already been stated in the previous international research is that if technol-
ogy education does not have a discrete status and if the aims of it are very gen-
eral in nature or, on the other hand, very substance-related, it is difficult for
teachers to teach contents that they are not familiar with. Without the guide-
lines of a curriculum and clear operational instructions on how to implement
that curriculum in practice, particularly if there is no easy access to resource
materials, my fear is that technology education might not get its due time in the
busy school environment. The importance of competencies in the field of tech-
nology for several areas of life —advancement in education included —should
be emphasised but who will do that in the future?

On the basis of the findings of Study 2, it is clear that there are differences
in girls’ and boys’ motivations towards technology education and how im-
portant pupils perceive the subject to be. Therefore, providing girls with equal
possibilities to experience technological issues is only a start. In order to pro-
mote girls” interests and encourage them to study technology, new and im-
proved practices also need to be created. The findings of this study showed that
girls were clearly more interested than boys in studying environment-related
issues. This finding is similar to the results found in international surveys about
girls and females in STEM areas. For instance, the number of women in envi-
ronmental and chemistry studies and professions in Finland and Germany is
higher than in other areas of science, technology, engineering and mathematics
(Pulkkinen 2013; Quaiser-Pohl 2012). Moreover, it was evident that social inter-
action between the teacher and the pupils in class was an important factor for
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girls. Girls clearly hoped to receive support and encouragement from their
teachers and had minor fears of doing something wrong. They also needed to
receive encouragement for and appreciation of their technical competence, par-
ticularly from their teachers. The same finding was evidenced in a study of
teachers” influence on students” self-efficacy and attitudes towards exact science
studies. The perceived attention from a teacher was more closely related to self-
efficacy in girls than in boys (de Weerd & Rommes 2012). These findings
demonstrate the importance of the way that technical activities are conducted in
class and how much teachers can influence pupils’ motivation. Activities
should be planned and presented in such a way that all pupils would be inter-
ested in them and might see technology education as something valuable for
them, thereby becoming motivated to study it. If girls do not receive adequate
and encouraging instruction, they will definitely turn away from technological
topics. In addition, it was evident, based on these findings, that teachers should
make extra efforts to encourage girls in their studies in order to help them in
male-dominated fields.

The new NCCBE 2014 outlines the change to integrate craft studies into a
subject that includes both technical and textile crafts for all pupils in grades one
to seven. It also addresses multi-disciplinarity and integration between the sub-
jects and seven overarching themes. One of the highlights of Study 2 was the
connection identified between girls" motivation in preserving nature and the
environment and technology education. In addition, Study 3 revealed the need
for teachers in the natural sciences and technology-related subjects to focus
more intensively on showing the technology related skills and knowledge that
are needed later in working life. Internationally, technology educators in vari-
ous countries are integrating engineering concepts that can be used to increase
students” understanding and principles for solving real technological, social
and environmental problems (Ritz & Fan 2015). Therefore, also in Finland one
way to develop technology education, technical craft, would be to broaden it
towards, so called STEM fields. However, in Finland, there is not STEM educa-
tion as such in basic education; rather, the education on these topics is currently
decentralised and taught through various subjects (NCCBE 2004; NCCBE 2014).
The concept of STEM education covers a broad range of subjects, contents and
practices, and these differences have resulted in varied interpretations of what
STEM actually means (Ritz & Fan 2015). In Finland, this could mean that al-
ready project-based craft education would integrate and lean more strongly on
using knowledge from science and mathematics in solving real-world technolo-
gy and engineering problems. The hands-on nature of this subject helps stu-
dents conceptualise scientific and technological knowledge and bring it into
real world uses (see also Ritz & Fan 2015). This ideal also goes well with the
spirit of the new NCCBE 2014 that encourages multi-disciplinarity and integra-
tion between the subjects and the overarching themes. This would also help in
providing girls more experiences of technology-oriented and STEM fields.
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5.2 Women in technology-oriented fields

Whereas previously discussed studies aimed to investigate technology educa-
tion at the curriculum level and in schools, the last two studies aimed to inves-
tigate women in technology-oriented fields. In Study 3, I aimed to determine
what were the main factors that had an effect on women’s decisions to study
and pursue a career in technology-oriented fields. Additionally, my specific fo-
cus was on finding out whether studying technical craft and technology educa-
tion during basic education affects women’s career aspirations.

First, looking at technology-oriented fields in society, they are rooted in
mathematics and the natural sciences. A theoretical understanding of those are-
as is important in technological fields; skills such as technological problem solv-
ing, design and creativity are also relevant in practical engineering. Within the
educational community, some countries have merged the content of natural
sciences and technology education (e.g., France, Israel, the Netherlands), while
others have experimented with the development of engineering programs for
their schools or integrated engineering content into their technology education
curricula (e.g., Canada, Sweden, United States) (Ritz & Fan 2015). Looking at
this balance of theoretical knowledge and practical skills in higher technology-
oriented education, MIT’s (Massachusetts Institute of Technology, which is
among the world’s top universities in engineering) motto is ‘Mens et Manus’
which translates from the Latin to ‘Mind and Hand’ (see Figure 2). This motto
reflects the educational ideals of above all, education for practical application.
(MIT history, retrieved in 11.12.2015.) This ideal of mind and hand, theory and
practice, in balance also links the academic engineering tradition to the tradition
of technology education; designing and technological problem solving via
hands-on doing often supported by knowledge from natural sciences and
mathematics.
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FIGURE 2 The MIT seal. “Two sides of a complete engineer - the brawny hands-on guy
and the elegant nerd” as stated on “The MIT 150 exhibition nomination” web
site (retrieved in 14.12.2015)

Continuing to the findings of Study 3 concerning female technical craft teachers
and female engineering students, they showed that these women who were
studying at the university level and later on working in technology-oriented
fields did have a high level of competence related to the field they have chosen
to study or work in. They had also had examples in, and encouragement from,
their families about technological fields and therefore they have received signif-
icant intellectual capital regarding technology or engineering in their childhood,
which was influential in their occupational choices. It has been stated that
women’s presence in technological fields is essential, because diversity fosters
excellence in research and innovation (Gendered Innovations 2013). As the for-
mer Finnish Minister of Education, Krista Kiuru, said on 15 October 2013 in her
opening speech at the first Women in Tech seminar, “We cannot afford to waste
any talents. We need all the best people working together, whether women or
men” (Kiuru, 2013). Therefore, to answer to this call and interest those girls who
do not have first-hand examples of technological professionals in their families
or do not see technology as a relevant topic for them in pursuing technology
education and careers, it is highly important that schools take more responsibil-
ity for providing all pupils equal opportunities to get experience with and in-
formation about technology. Schools need to respond to the global economic
challenges and enable pupils to see the full spectrum of possible study and ca-
reer options in STEM fields.

Another dimension in thinking about women in technology-oriented
fields and technical craft and technology education for girls is the realisation
that innovation lies at the heart of the Europe 2020 Strategy for smart growth.
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The Innovation Union flagship aims at making Europe a global leader in solv-
ing societal challenges (Gendered Innovations 2013). This leads to the question
that, if innovation skills are something to be taught at schools, whose responsi-
bility will it be to ensure this happens, and is implemented well? According to
Study 1, in Finland, technology education is currently connected only in tech-
nical craft with the understanding of everyday technology and technological
concepts, systems and applications. Also, based on the analysis of NCCBE 2004
pupils are encouraged to learn skills like innovativeness, creativity and problem
solving in relation to technology mainly during technical craft lessons. There-
fore, if pupils are guided to choose between technical and textile craft after
grade four, this division means that those pupils, mainly girls, who study textile
craft in these grades do not participate technology education that is implement-
ed during technical craft lessons. There is no doubt that innovative skills are
very important for the future lives of pupils and also the demands of working
life are rapidly changing in this direction. I agree with Martin (2012), who
claims that technology education can be a perfect vehicle to promote these skills
as it is the only subject where pupils can see in three dimensions the results of
their own technological decision-making. Thus it can be construed that if girls
do not receive adequate and encouraging instruction, they might be discour-
aged from engaging with technological content.

The findings of Study 4, regarding the experiences of female technical
craft teachers, showed that girls have been prepared to participate in future
technologies by studying basically only textile craft. Since 1886 when Uno Cyg-
naeus introduced craft education into Finnish basic education, it has been more
or less divided into technical and textile crafts. This image of technology as a
masculine domain has been striking, due also to the fact that six of the seven
participants remembered having only male technical craft teachers during their
basic education. A study by Ikonen and Kukila (2015) of Finnish female tech-
nical craft teachers’ experiences and perceptions of craft education revealed
similar evidence; all 12 participants reported that they only had male technical
and female textile craft teachers (Ikonen & Kukila, 2015).

The findings of Study 4 also revealed that all seven females have encoun-
tered gendered interactions such as belittling or questioning that also appeared
later in these women's university studies, job application endeavours and careers
as technical craft teachers. After 130 years, a major change will soon be imple-
mented — the aforementioned integration of both technical and textile craft for all
pupils in grades one to seven. It is clear that the women in this study struggled to
establish a firm foothold in the technology-oriented field of their choosing; as one
of them asked, ‘Does it have to be such a rocky journey when one has a true will
to be a female technical craft teacher?” Educators should take care of their students
and understand that there are individual differences between needs, behaviours
and attitudes of girls and boys, women and men. As Kirsti Lonka, a professor of
Educational Psychology said on 7th October 2015 at the Women in Tech forum,
‘Embrace the difference and diversity between men and women. There is talent in
everyone, gender doesn’t matter if you master the skills.” (Lonka 2015).
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5.3 Methodological reflections and ethical considerations

In this dissertation I have utilised qualitative and quantitative methods in the
four sub-studies in order to obtain a wide array of information relating to my
research questions. In this section I shall explain and argue for my reasoning on
the various data collections and methodological decisions, i.e. the quality and
trustworthiness of the findings of the four separate studies I have carried out
during the period 2009-2015. In the following section I will also address the eth-
ical considerations included throughout each study. In all sub-studies, I have
followed the generally accepted principles of academic scholarship such as
honesty, meticulousness and openness throughout the research and analysis
processes. I agree that the quality and trustworthiness of the findings rest on
the coherence and cohesion of the overall research process and therefore I will
make that process as open and visible as possible. Particularly in qualitative
research, ethical considerations relate to transparency of the research processes
due to the role of the researcher.

To begin with the main question, I will address the research topic of the
dissertation. In 2009 when I started this project, I had already worked as a uni-
versity teacher of technology education since 2005. From 2007 to 2009 I had also
taken part in the Workpackage 3 work of the European UPDATE project, which
was a great opportunity for me as a young teacher to learn about technology
educational issues internationally. This project consortium had a unique devel-
opmental approach for technology education, by having a strong focus on early
childhood and primary education. My interest in this research topic evolved
from my work in this project and what I had experienced as a technology edu-
cation teacher before that. Thus, in my first research plan my idea was to inves-
tigate technology education in basic education in Finland. It became clear over
the course of the project, however, that I would specifically like to focus on the
women who are actually studying or working in technology-oriented fields. My
professional development as a teacher might also have affected this orientation,
because in 2010-2012 I worked part-time in developing entrepreneurship educa-
tion in the department of teacher education. That experience increased my in-
terest in career and working life options and naturally guided my research in-
terests in the area of technology education to this direction too. To sum up, my
main aim has stayed the same — to investigate girls in technology education and
how to develop technology education in the future in order to increase girls’
access to and interest in technology education in basic education. However, in
my later studies (Studies 3 and 4) I wanted to expand my focus to study women
who have actually entered technology-oriented fields in order to identify the
elements that might have an effect on women’s interests in technology-related
careers in Finland.

In the year 2009, when I started to work on Study 1, I had been engaged
with the topic already for some months while working on the UPDATE project.
That year we had developed criteria for curriculum analysis for various coun-
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tries in cooperation with other Workpackage 3 partners and also constructed
pre-analyses of five national curricula (Finland, Estonia, Germany, France and
Austria). Aki Rasinen was the primary investigator in this analysis and my role
was to perform a detailed analysis of the Finnish NCCBE 2004. The data in this
study, the NCCBE 2004, was easy to access because it is an official document of
the Finnish National Board of Education. Before performing the analysis of the
NCCBE 2004, I developed a theoretical framework (see Article I) guiding me in
the process. The advantage of using this framework in a qualitative content
analysis was that it provided categories and aspects for interpretation that fol-
low the research questions. The framework was an adaptation of two models of
technology education: Parikka’s (1998) model for defining the concept of tech-
nology and Parikka’s and Rasinen’s (1993) definition of technology education.
This study provided me the first opportunity to develop a new theoretical
framework with a technology educational perspective. Underlying the idea of
integrating two models into the one was a need to bring together the various
contents and pedagogical aspects of technology education. Even though the
framework provided me an accurate structure for analysing technology educa-
tion and I received positive feedback for it from my international colleagues in
an international conference, one critical comment was brought up. It concerned
mapping the different contents of technology education and pedagogical ways.
This question was related to the nature of knowledge and how to set it or
measure it using levels (see Dakers et al. 2009). The problematic matter was
how to set value laden issues (e.g. debating and critical thinking) and skills (e.g.
innovativeness and problem solving) relating to technology education into a
hierarchy. I decided not to differentiate them, but to categorise them under the
highest level, namely ‘understanding and reasoning’.

In Study 2, in order to expand the perspective and to study pupils at
school and their interests and motivations towards technology education, I de-
cided to conduct a quantitative questionnaire study for pupils in fifth and sixth
grade in primary school. I chose to investigate pupils in these grades due to the
fact that pupils will choose between technical and textile craft, depending on
school’s policies, mainly after the fourth grade, but craft is still a compulsory
subject at school. In the following, I will describe in detail the processes related
to transparency of constructing the instrument, data collection and input as well
as performing the factor analysis with the reliability measures and the use of
various statistical tests.

There are various instruments that have been created for measuring atti-
tudes, PATT (Pupils” Attitudes Towards Technology) being one of the most de-
veloped in the field of technology. After familiarising myself with PATT in-
strument, I decided to utilise one that is not so general in nature. Osborne, Si-
mon & Collins (2003) describe how attitudes towards something do not consist
of a single unitary construct, but rather a large number of sub-constructs e.g.
values, motivations, perceptions, anxiety, achievement or fears etc. Even though
motivations and attitudes are closely related concepts, I thought that a more
specific instrument, directed for investigating motivations, would be suitable
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for exploring technology education at school. Therefore, in this study, I decided
to apply Kosonen’s (1996) motivation instrument in order to investigate pupils’
motivations. However, I modified the instrument in order to obtain information
about essential aspects of technology education that were not described in
Kosonen’s instrument (see more in detail chapter 3.3).

Commonly, and also in the Kosonen’s (1996) motivation instrument, moti-
vation has been measured through the use of questionnaires that consist of Lik-
ert-scale items. In order to get representative data and to conduct a factor analy-
sis, I determined and recruited the necessary size sample. A general rule ac-
cording to Habing (2003) is that one should have a minimum of 50 observations,
and at least 5 times as many observations as variables. Considering the fact that
the participants in this study were children (ages 10 to 12), the instrument had
to be relatively easy and short to fill out. In the questionnaire, there were 32 var-
iables and the minimum sample size I needed was 160. However, I sent the
questionnaire to 300 pupils due to the fact that some unusable data is always
received. Before collecting the data, I tested the questionnaire with one class of
fifth grade pupils and did some small corrections for the questions.

The printed questionnaires were sent the schools, and the classroom
teachers in each school asked pupils to fill in the questionnaire. The question-
naire consisted of questions concerning pupils’ background and series of mo-
tive statements (1-32). For each motive statement, pupils were asked to mark
their degree of agreement or disagreement on a Likert scale of 1-4 (1=I fully
agree, 4=I fully disagree). At the end of 2009, the data were input into SPSS
program by Reija Laukkarinen who also worked on the UPDATE project at that
time. I input the first 30 subjects to create the columns for the variables (age,
gender etc.) and therefore I also got familiarized with the data. After data input
I did an outlier observation for the data as a preparation and to identify any-
thing, such as mistyped values, that would need to be cleaned up or removed
from the mass data. After cleaning the data there were 281 suitable responses
for the analysis.

Based on the idea that variables would correlate with each other, I be-
lieved that factor analysis could be utilised in my study. Therefore, in order to
examine the structure of pupils’ motivation towards technology education con-
sisting of various motives, I performed an Explorative Factor Analysis (EFA) on
the motive statements. My reasoning for using EFA, even though I had an al-
ready existing instrument, was that I did some changes to it and adapted it to
suit better to technology education. Therefore, there was not a certain pre-
defined structure for the variables. EFA helped me to identify the number of
factors by creating new dimensions that were to be visualised as a scree plot
and factor rotation matrixes in the SPSS program. After extracting the factors
using EFA, mean scores and Cronbach’s alphas were computed using the ob-
tained factor structure as a basis. Then independent sample t-tests were used to
examine gender-related differences in pupils’ motives. Also, Cohen’s d was
used to indicate the magnitude of the difference between girls” and boys” means.
In all of this work, I was assisted by Eija Ridikkonen working as a postdoctoral
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researcher in the faculty of education at the University of Jyvaskyld. Her special
field is quantitative methods. This cooperation broadened my understanding of
performing factor analysis and reporting its findings. She is also a co-author in
the second article included in this dissertation.

In the Study 3, I wanted to broaden my research to include adults, women,
who have actually entered a career in a technology-oriented field. The study
sought to determine what were the main factors that had an effect on women’s
decisions and to investigate whether studying craft, and especially technical
craft, during basic education affected their decisions. I decided to carry out the
collection of empirical data by use of a semi-structured questionnaire. The
study group consisted of 12 female technical craft and technology education
teachers who graduated from various universities in Finland and 12 female en-
gineering students from the Tampere University of Technology and Aalto Uni-
versity’s School of Engineering. My rationale for choosing participants from
these different areas of technology was my desire to investigate whether these
women shared similar reasons for entering careers in technology-oriented fields.

Potential participants were asked whether they wanted to participate in
the study by email or through social media (e.g. the Facebook group of tech-
nical craft teachers). Finding female technical craft and technology education
teachers in Finland is not easy, because there are not many of them. For exam-
ple, according to numbers from teacher education departments from 2010 to
2014, an average of 12 female teachers, 42 males, graduated annually with a
qualification in teaching technical craft in grades seven to nine. I was lucky to
find these female technical craft and technology education teachers that wanted
to participate to the study. The reason why I decided to investigate teachers
who had already graduated, and who were actually teaching technical craft and
technology education, but female engineering students, was the idea of having
participants who have definitely chosen a technology-oriented field. This is due
to the fact that there are many options for teachers in work life, and after grad-
uation some of them are not working as basic education teachers. The main eth-
ical issues related to this study were to inform participants regarding the prin-
ciples of the study and to explain my own ethical commitments in handling the
data. I personally collected the data and analysed it, so no one else had access to
the data. In analysis I used a qualitative theory-oriented content analysis and
Schein’s (1996) theory of career anchors to provide guidelines for the analysis.
However, during the first phase when reading and coding the data, I derived
three additional categories from the data and named these categories: familiari-
ty, encouragement and limited options. When Schein (1996) initially developed
the career anchors to describe individuals’ inner career orientation, but I argue
that, especially nowadays, outer factors, such as these three that I added, are
also needed to describe peoples” orientation to decide what they want to do in
their life.

In the Study 4, I aimed to identify gendered processes that might exist in
the area of craft, especially in relation to technical craft. I carried out the study
using semi-structured theme interviews for seven female technical craft teach-
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ers that were working in schools of basic education. The main ethical principles
related to this study were to inform the participants regarding the principles of
the study and to explain my own ethical commitments in handling the data. I
was aware of my personal interest in the research topic as both a researcher and
a teacher. Therefore, in order to minimise the impact of my subjectivities and
personal feelings, I closely reflected them and tried not to ask too leading ques-
tions. Utilising interviews required caution and ethical awareness due to the
fact that interviews usually elicit highly personal information concerning specif-
ic individuals. I personally implemented and recorded the interviews at the end
of the year 2014 and after collecting the data I transcribed them to my personal
computer. After interviewing and transcribing I analysed the material and no
one else had access to it.

One of the highly critical ethical principles was to secure the confidentiali-
ty of the interviewees and maintain their anonymity in my writings. Even
though the sample of seven teachers is rather small, the data provided an in-
formed picture of gendered processes in craft education. Also, as mentioned
previously due to the fact that in Finland there is such a small number of a fe-
male technical craft teachers, seven teachers who are actually working at school
by teaching technical craft is a representative data. In order to do so, my analy-
sis involved only a theory-driven search for meanings, and individual narra-
tives with locations were not used in reporting the results.

5.4 Limitations of this study and suggestions for the future re-
search

In this dissertation, I conducted four separate studies from two perspectives: (i)
defining and investigating technology education in Finnish basic education and
pupils” motivations towards it, (ii) studying the elements that have an effect on
women’s interests in entering technology-related careers. What both of these
perspectives have in common is the key issue of whether increasing girls” access
to and interest in technology education at the basic education level might ulti-
mately increase the number of women who enter technology-oriented fields in
Finland. In order to investigate this question and compile a solid knowledge
base on this topic in a reasonable time, I worked out four different studies with
female pupils at schools and adult women employed or studying in technology-
oriented fields.

One suggestion for future research is related to the longitudinal aspect of
this dissertation. Although I was able to capture some key issues of technology
education and women'’s career aspirations, widening the scope by carrying out
a longitudinal study from childhood to adulthood with same participants might
have been preferable. However, the findings of the four studies revealed issues
that may be worth addressing in future research.
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I will now offer some suggestions for consideration in the area of develop-
ing technology education in Finnish education. Firstly, this study reports and
discusses the current state of technology education in the Finnish NCCBE 2004
and primary school aged pupils’ (5% and 6t grades) attitudes towards and in-
terests in technology education. As discussed in the previous chapters, Fin-
land’s new NCCBE 2014 will come into effect in August 2016. It outlines the
change in craft into an integrated subject where core objectives and contents of
technical and textile craft will no longer be taught or referred to separately in
grades one to seven. This dramatic change will end the long tradition of divi-
sion between technical and textile craft. However, the interpretation of this in
practice remains to be seen. It seems that at this moment, teachers all around
Finland are working hard with planning the local curriculum and figuring out
how to implement the new version of craft education in the future in their
schools. It will be fundamentally important to study how this change will affect
technology education and interact with the gender-related aspects of crafts, i.e.
what will technology education be in the Finland after the reform in craft stud-
ies? It will also be important to broaden the research focus on studying technol-
ogy education in a wider sense, in relation to STEM education, as suggested in
the discussion section. It appears that work remains for educators in Finland to
define the meaning of technology education and the way it should be guided in
the future.

Secondly, this study focused on women studying and employed in
technology-oriented fields. Technology education can be a perfect vehicle to
promote pupils’ skills such as creativity, inventiveness and problem solving, as
it is the only subject where pupils can see in three dimensions the result of their
own technological decision-making (Martin 2012; NCCBE 2004; NCCBE 2014).
In Finland, these objectives are currently present in the NCCBE 2004, but only
in technical craft with the understanding of everyday technology and
technological concepts, systems and applications. One aim of schools, as
institutions, is to respond to global economic challenges and help pupils see the
breadth of possible study and career options. Therefore, to answer to this call
and interest those girls who do not have first-hand examples of technological
professionals in their families or do not see technology as a relevant topic for
them in pursuing technology education and careers, it is important that schools
take more responsibility for providing all pupils equal opportunities to get
experience with and information about technology. Might improved technology
and craft education, in the context of career choices of girls, increase the number
of students who enter higher education as STEM majors? This study would
have benefitted from longitudinal research, focusing on different aspects of the
effects of technology education in relation to this question. These four studies
could provide only limited findings about these topics, because of the women’s
lack of experiences of technology education during their own schooling and the
traditions of gendered divisions in the study of craft. Another related question
is what role female technical craft and technology education teachers can have
in this setting.
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5.5 Concluding remarks

As a conclusion I wish to note that carrying out four sub-studies by use of
mixed methods, or a multi-methodological approach, during this research pro-
cess has brought me many new perspectives on the possibilities of various re-
search methods. Even though I have not mixed different methodological styles,
such as qualitative and quantitative procedures in the analysis of one data set,
use of different methods in the separate studies provided me tools for exploring
the research problem in multiple ways. A challenge related to the use of a mul-
ti-methodological approach was that familiarising with various methods was
very time consuming.

During this research process I have also become keenly convinced of the
impact or potential that technology education, in basic education, might have
on advancing women in technology-oriented fields. In order to achieve this in
future, innovative ways of thinking are needed. Firstly, the findings of this
study suggest that girls should be provided with equal opportunities to
experience technological issues, but it is only a start. Through integrated craft
education in Finland, which starts when the new NCCBE 2014 will come into
effect, girls will also have the possibility to discover technological topics and
gain self-esteem in the field. However, also new and improved practices and
activities should be planned and presented in such a way that all pupils would
be interested in them and might see technology education as something
valuable for them. Also, it is suggested that schools should take more
responsibility for providing all pupils’ equal opportunities to get experience
with and information about technology. Therefore, teachers in the natural
sciences and technology-related subjects are the key persons to show and
enhance the technology related skills and knowledge that are needed later in
working life. This is especially important for girls.
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TIIVISTELMA (FINNISH SUMMARY)

Tyttojen kiinnostuksen lisddminen teknologiakasvatukseen naisten teknolo-
gia-aloille hakeutumisen edistdjana

Lukio- ja yliopistokoulutuksen naisistumisesta huolimatta naiset ovat edelleen
sekd Suomessa ettd muualla Euroopassa vihemmistond teknologia-alojen kou-
lutuksessa ja tydelamassd. Tutkimukseni taustalla on kansainvélisesti jaettu
huoli siitd, kuinka teknologian ammatit mielletdédn vahvasti miehisiksi ja naiset
jaavat lahjakkuusreserviin. Vaikka sukupuolten vilisen tasa-arvon ja yhdenver-
taisuuden edistdminen on jo pitkddan ollut yksi keskeisimmistd kehitysalueista
Suomen koulutusjdrjestelmissd, tutkimusta tyttdjen asenteista ja motiiveista
teknologiakasvatusta ja teknistd tyotd kohtaan tai naisten teknologia-aloille
suuntautumisesta on Suomessa kasvatustieteissa tehty vahan. Taman vaitoskir-
jatutkimuksen aiheena on selvittdd miten tyttdjen mahdollisuuksia ja kiinnos-
tusta voitaisiin lisdtd teknologian ja teknisen tyon opiskeluun perusopetuksessa
sekd toisaalta myos pyrkid laajentamaan ymmaérrysta siitd, mitka tekijat vaikut-
tavat naisten teknologia-aloille hakeutumisessa.

Tutkimus koostuu neljdstd osa-tutkimuksesta, joista on kirjoitettu neljd
teknologiakasvatuksen tieteellisisséd lehdissd julkaistua kansainvalistd artikkelia.
Tutkimuksen empiirinen aineisto muodostuu myos neljédstd eri aineistosta: 1)
valtakunnallinen POPS 2004 -asiakirja, 2 ja 3) kaksi kyselyaineistoa, ja 4) haas-
tatteluaineisto. Kaikkiaan empiirinen aineisto koostuu 281:n oppilaan vastauk-
sista kyselyyn teknologiakasvatuksesta, 24:n tekniselld alalla opiskelevan tai
tydeldmaéssad olevan naisen vastauksista kyselyyn, sekd seitsemén teknisen tyon
naisopettajan haastattelusta. Naméd neljd aineistoa analysoitiin monimenetel-
mdisesti, jolloin tutkimuskysymystd ldhestyttiin useampaa eri analyysimene-
telmdd hyodyntden kuitenkin niin, ettd yhdessd aineistossa on kéytetty aina
yhtad analyysimenetelmaa.

Ensimmadisessd ja toisessa tutkimuksessa tarkasteltiin teknologiakasvatuk-
sen nykytilaa Suomessa voimassa olevan valtakunnallisen POPS 2004 -
asiakirjan valossa ja selvittamalld alakouluikdisten oppilaiden teknologiakasva-
tuksen motivaatioita. Opetussuunnitelma analyysi osoitti, ettd kisityon opetuk-
seen ja siten myos teknologiakasvatukseen liittyy sukupuolittuneita kdytanteitd,
silld kasitoitd voidaan toteuttaa dikotomista traditiota mukaillen, jolloin tytot
opiskelevat usein padosin tekstiili- ja pojat teknistd tyotd. Puhutaan valinnasta,
vaikka todellisuudessa osa oppilaista joutuu jattdméaan pois opinnoistaan yhden
tarkedn yleissivistyksen osan, silld valitessaan tekstiilityon tytot sulkevat tietd-
mittddn pois merkittdvan osan perusopetuksen teknologian opetuksesta. Toi-
sen tutkimuksen tulokset osoittivat, ettd tyttdjen ja poikien teknologiakasvatuk-
sen motiiveissa on eroa. Siten ei siis riitd, ettd tytoille annetaan tasavertaisesti
mahdollisuuksia opiskella teknologiaa, vaan lisdksi késityon opetusta ja siithen
liittyen teknologiakasvatusta tulisi kehittdd niin, ettd tytot voisivat huomata
nykyistd paremmin teknologian merkityksen niin arki- kuin myéhemmin tyo-
elamaéssa.
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Kolmas ja neljds tutkimus keskittyivit tutkimaan naisia, jotka ovat valin-
neet opinnot tai ovat jo tydeldmaissé teknologiapainotteisella alalla. Kolmannes-
sa tutkimuksessa pyrittiin selvittdimdan sitd, mitka tekijat vaikuttavat naisten
teknologia-aloille hakeutumisessa ja lisdksi sitd, onko késityon ja teknologian
opiskelulla ollut vaikutusta naisten ura-valinnoissa. Tutkimuksen tulokset
osoittivat, ettd niin nais-diplomi-insindoriopiskelijoilla kuin teknisen tyon nais-
opettajilla alansa korkean tason perusosaaminen eli teknologiakompetenssi ja
alan tuntemus olivat merkitsevimpid tekijoitd heiddn alalle hakeutumiselleen.
Useat heistd olivat saaneet tietoa ja esimerkkejd teknologia-alojen tydeldmasta
perheeltddn jo lapsena tai joku perheenjdsen oli kannustanut heitd hakeutu-
maan alalle. Neljis tutkimus teknisen tyon naisopettajista ja heiddn kokemuk-
sistaan teknisessd tydssd paljasti, ettd aihealueeseen liittyy eriarvoistavia suku-
puolittuneita rooleja tai kédytdnteitd, joita naiset saattavat kokea opiskellessaan
ja tyoskennellessddn teknisen tyon alueella. Tutkimuksen kaikki seitseman tek-
nisen tydn naisopettajaa olivat kokeneet sukupuolittavia prosesseja liittyen va-
paa-aikaan, koulunkdyntiin, yliopisto-opintoihin tai tyteldamédan. Namé proses-
sit ovat kdytdnteitd, ajattelutapoja, mielikuvia tai asenteita joihin liittyy vahatte-
lyd, kyseenalaistamista tai sukupuoleen liittyvdd tyonjakoa.

Tutkimuksen johtopddtoksend esitetddn, ettd konkreettisina kdytdnnon
toimenpiteind kasityotd ja teknologiakasvatusta tulisi kehittdd sukupuolineut-
raalimpaan suuntaan niin, ettd kaikille oppilaille tarjotaan mahdollisuuksia
kiinnostua teknologiasta, tasapuolisesti. Lisdksi on tdrke&d, ettd opettajat avaa-
vat nykyistd enemmén eri oppiaineiden yhteyttd teknologiaan, silld teknologia-
kasvatuksella on mahdollisuus tarjota oppilaille tietoa teknologiasta ja kehittda
heidédn tietoisuuttaan sen vaikutuksista eri eldiménalueilla. Erityisesti késityolla
ja teknologiakasvatuksella on oiva mahdollisuus ohjata oppilaita kehittamé&an
kdytannon tekemisen ja innovoinnin taitoja konkreettisesti tutkien, kokeillen ja
keksien. Ndin voidaan lisdtd oppilaiden teknologialukutaitoa tavoilla, jotka an-
tavat mahdollisuuden hyodyntdd ja kehittdd teknologiaa siten, ettd se vastaa
tasapainoisesti ihmisten tarpeisiin nyt ja tulevaisuudessa.
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APPENDICES

APPENDIX 1: A cube model for defining the concept of technology (Parikka

1998)
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APPENDIX 2: A model for defining technology education (Parikka &
Rasinen 1993)

TECHNOLOGY

Scientific knowledge, theory, reasoning
and understanding (fogos) underlying the
conceptual control of technical phenomena
(tekhnos) (e.g. why glue sticks, how a
blade cuts, a screw tightens or circuit
functions

PROBLEM SOLVING
PROCESS / DESIGN

(PROJECT / PRODUCT)
“What should I make?”
LEARNING
BY DOING

<L C\OMMUNICA -ION>

The physical-chemical
TECHNIQUE properties of materials, / TECHNICS
The skill or ability energy Tools, equipment and
(methods) needed machines needed to

to produce a product: produce a product:

“By what means?”
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Women in technology-oriented fields

Sonja Niiranen
Samuli Niiranen

Abstract

This study focuses on investigating the main elements that have an effect on women’s decisions
to enter a career in technology-oriented fields, and more specifically, to discover whether
studying crafts, especially technical work, during basic education affects their decisions in this
context. The study was carried out using a semi-structured questionnaire, and the data consist
of the responses from 12 female technology education teachers and 12 female engineering
students. A qualitative theory oriented content analysis was carried out through identifying,
coding, analysing and reporting the patterns within the data.

The findings revealed that the most influential career anchor identified by all these women was
a technical or functional competence. Secondly, their familiarity with the field was a relatively
important element. These findings suggest some positive perspectives on women'’s interests in
technology-oriented career paths, and indicating that supportive interventions can be
implemented.

Key words: women; engineering; technology, career orientation

Introduction

Internationally, technology-oriented fields still seem to be a rather male-dominated area, and the
reluctance of women to enter occupations in the natural sciences or technology has already been
established in previous studies (Sander, 2012; Klapwijk & Rommes, 2009; Mammes, 2004).
Based on EU statistics (She Figures, 2012), gender differences stand out in the field of science
and engineering in most EU countries. It seems that because of the efforts that have been made,
some of the gaps have been slowly shrinking over the recent years and women have been
catching up with men in total employment and in some precise areas. Based on the She Figures
(2012, p. 19) statistics, the share of women among highly educated people as professionals or
technicians is 53 percent, the proportion drops to 32 percent among women employed as
scientists and engineers, a narrower category of employment. This exemplifies the problem of
gender segregation.

The role of Science, Technology, Engineering and Mathematics (STEM) education is
fundamental to a successful industrial base, but also the skills, knowledge and understanding of
the subjects involved to STEM are vital for young people in an increasingly science- and
technology-driven society (Banks & Barlex, 2014). In Finland, there is still no special subject
called technology education or STEM education. Technology education is, and continues to be,
decentralised, and it is taught through various subjects (Autio, Hietanoro, & Ruismiki, 2011;
Finnish National Core Curriculum for Basic Education, 2014). As early as 1866, Uno Cygnaeus,
the founder of Finnish general education, considered technological content an important aspect
of craft education, but technology, as a concept, was introduced (but not defined) for the first
time in the Finnish Framework Curriculum for Comprehensive Schools in 1985 in the crafts
subject (technical work and textile work) (Rasinen, Ikonen, & Rissanen, 2011). The latest
National Core Curriculum for Basic Education (NCCBE, 2004) introduced seven cross-
curricular themes for Finnish education, one of them being ‘Human beings and technology’.
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This has been important to technology education, as this cross-curricular theme argues the need
for technology education in the Finnish curriculum (Jérvinen & Rasinen, 2015, p. 4). Cross-
curricular themes should be integrated into different subjects, and much of the technological
content of the Human beings and technology theme is studied in the subject of crafts, in
particular, technical work lessons (Rasinen, Virtanen, Endepohls-Ulpe, Ikonen, Ebach, & Stahl-
von Zabern, 2009). Therefore, technology education at the primary level (grades 1-6) is often
implemented during technical work but also in other lessons, depending on teachers’
educational background and schools’ organisational aspects.

Gender equality and non-discrimination have been a central focus of Finnish education
(Committee on Alleviation of Segregation, 2010). However, it has been claimed that schools of
basic education are still providing a very traditional image of gender roles for the pupils
(Kokko, 2008). In spite of 30 years of curriculum work for gender equality, craft education is
still very gender-divided. Girls are mainly studying textile work with female teachers, and boys
study technical work with a male teacher (Guttorm, 2014; Virtanen, Riikkdnen & Ikonen,
2015). This division has been seen as a natural choice, requiring no justification (Kokko, 2007).
The significance of a deeply gendered craft education undeniably affects technology education
by giving it a ‘masculine’ and ‘exclusively male’ label (Jarvinen & Rasinen, 2012; Murphy,
2006; Shivy & Sullivan, 2005). It would seem that such a marked gender difference must have
an effect on girls if they are planning their future career in a technology-oriented field.

In order to introduce more gender balance equality on the labour market, attention should be
given to the entire set of factors affecting career choices. This is a question of unused potential.
This study seeks to determine what are the main factors that have an effect on women’s
decisions to study and enter a career in technology-oriented fields and, more specifically, to
investigate whether studying craft, and especially technical work, during basic education affects
their decisions in this context.

Career orientation in technology-oriented fields

Stereotypically, technology-oriented fields are insufficiently associated with values such as
creativity, service, autonomy and entrepreneurship (Klapwijk & Rommes, 2009, p. 403). This is
quite paradoxical, as engineering is often defined as the creative application of scientific
principles to problem solving (Dandy & Warner, 2000). Contemporary practical engineering
work in many domains actually revolves around creative problem solving skills supported by a
fundamental understanding of the scientific principles and practical tools related to the domain.
Moreover, interpersonal and emotional skills are a critical component of the creative problem
solving skill set in today’s working environments. In real life people in technology-oriented
fields, work at the nexus of science, engineering and the humanities.

Dakers, Dow and McNamee (2009, p. 382) argue that technology, as a concept, in its modern
sense, derives from the Indo-European root tek which means "to fit together the woodwork of a
woven house" and this derivation has translated over time into the Greek term techne, which,
"came to refer to the knowledge or skill of the fekton, one who produces something from wood"
(Porkorny, 1967 cited in Roochnik, 1996, p. 19). The term techne is typically translated as ‘art’,
‘craft’, ‘skill’, ‘expertise’, ‘technical knowledge’ and even ‘science’ (Roochnik, 1996). In the
nineteenth century, technology was situated in the realms of engineering, and these concepts
still seem to share aspects that relate to human action: ethics, sustainability, criticality and
design (Dakers et al., 2009, p. 384). Technology in the broadest sense means "human activity
that transforms the natural environment to make it fit better with human needs, thereby using
various kinds of information and knowledge, various kinds of natural (materials, energy) and
cultural resources (money, social relationships, etc.)" (de Vries, 2005, p. 11). Engineers are the
professionals who are carrying out the human activities described above.

An effective approach for achieving a higher number of women in technical careers has not yet
materialized in EU countries, because the percentage of female students has remained more or
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less stable at approximately 10 percent (Klapwijk & Rommes, 2009, p. 404). Girls are, on
average, more successful at school since they tend to achieve higher grades than boys, but they
less frequently engage in the science, engineering and technology paths (She Figures, 2012). It
has been shown that students will opt for technology if they have come into contact with
technology in a positive way, are confident in being good at technical things, have certain skills
and experience in the area, and when a technical profession matches their self-image (see
Eccles, 1987). However, somehow, women fall behind with respect to these factors, as girls
tend to come into contact with technology less often, thereby acquiring fewer skills and less
knowledge about technology (Klapwijk & Rommes, 2009, p. 405). In a study of women in
science, technology, engineering and mathematics professions, a striking result was that not one
of 15 women said that their interest in science or technology was in any way evoked in
kindergarten or at primary school (Sander, 2012).

It is obvious that during basic education, all pupils should be provided with equal opportunities
to acquire the knowledge and skills required in society and working life. In crafts, this means
that pupils should have equal opportunities to study technical and textile work, including having
the same number of periods during comprehensive school (Committee on Alleviation of
Segregation, 2010). Lindfors (2015) argues that gender-based tradition is the most serious
barrier to equal technology education in Finland and that it will take time to dismantle.
However, the new National Curriculum for Basic Education 2016 (NCCBE, 2014) will guide
education towards multi-material, equal craft education, and thereby the gender-based tradition
can be finally eliminated (Lindfors, 2015, p. 254).

Career anchors

Schein (1996) has constructed career anchors that describe individuals’ ‘internal career’, a
subjective sense of where an individual is heading in their career. An individual’s career anchor
can be described as their self-concept, incorporating perceived career-related abilities and
talents, values, and motivations and needs (Schein). The following anchor categories (a
modified version of Schein; Klapwijk & Rommes, 2009) present a person’s orientation in their
internal career (see Table 1).

Table 1 Career anchors

Category Description
Security/ Presents a person’s orientation to finding a good employer and a job
Stability that guarantees a permanent job for a longer period of time.

Nowadays, this anchor should be extended to include the general
employability in a field; that is, how many different career paths are

available.
Autonomy/ Presents a person’s orientation to seek a job where she or he can work
Independence independently and autonomously
Life style Presents a person’s orientation to integrate maybe more than one
career and personal family concerns into a coherent overall pattern.
Technical/ Presents a person’s awareness of the importance of knowledge and
Functional skills in the field. These people know that they are very talented in
competence something and are also highly interested in pursuing their skills and
learning more.
General Presents a person’s preference to work as a high-level general
managerial manager.
competence
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Entrepreneurial Presents a person’s orientation towards becoming an entrepreneur or

creativity developing more of an autonomous career him- or herself.

Service/ Presents a person’s ambition to choose a profession in order to achieve
Dedication to a certain ideals such as serving humanity or improving the

cause environment.

Pure challenge  People who define their careers in terms of overcoming impossible
odds and do not concentrate on a single functional skill but rather
constantly seek variation and new challenges.

Schein initially developed the career anchors to describe individuals’ inner career orientation,
but we argue that, especially nowadays, outer factors are also needed to describe peoples’
orientation to decide what they want to do in their life. It is also important to note that most
applicants to engineering universities in Finland are recent high school graduates who may not
have any knowledge of the work of an engineer. Looking at the educational system in Finland,
students are quite ill-prepared from a maturational perspective to make a choice in engineering
studies because of barely any direct studies in school that would lead to that profession. Also, it
is argued that traditional career theories have largely been premised on male experiences, values
and goals (Mavin, 2001). Therefore, in addition to Schein’s anchors, three extra categories—
Familiarity, Encouragement and Limited options, were derived to broadly describe females’
choices in their career paths.

The first category of ‘familiarity’ describes a person’s ambition or orientation to follow an
example of family members. A study of engineering and technology students’ perceptions
indicates that parents are a very frequent source of information about furthering education and
career goals (Mativo, Womble, & Jones, 2013, p. 113). It is evident that individuals are
susceptible to influence from their families with regard to occupational choices (Beauregard,
2007). Familiarity also describes a person’s orientation to enter a field because of a history of
doing something related to the area at home: for example, if there has been some kind of
craftsman culture at home. The second category of ‘encouragement’ represents someone else’s
(teachers, friends) imparted understanding that has influenced a woman's decision-making by
encouraging or supporting her in choosing something. The third category of ‘limited options’
describes a woman’s decision to choose something because there were not many options at the
university to choose between.

Research questions and methods

The aim of this study was to examine women in technology-oriented fields. We wanted to
identify those elements that have an effect on women's decisions when choosing careers. The
main research questions were:

1. What are the main elements that have an effect on women's decisions to study and enter
a career in technology-oriented fields?

2. More specifically, does studying craft, and especially technical work, during basic
education affect their decisions in this context?

Participants and procedure

The study was carried out using a semi-structured questionnaire, and the data were collected
from November 2014 to February 2015. Potential participants were asked whether they wanted
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to participate in the study, and the questionnaires were sent by email to those who volunteered.
The study group consisted of 12, female, technology education teachers graduated from various
locations in Finland and 12 female engineering students from Tampere University of
Technology and Aalto University (Technology and Engineering). The rationale for choosing
participants from these different areas of technology was the desire to investigate whether these
women shared similar reasons for entering a career in technology-oriented fields.

The teachers worked in schools of basic education and taught technology education for pupils at
grades 3-9 (ages 9-15). Six of the teachers had studied to become primary school teachers
(grades 1-6, ages 7—12) in their university education, and had studied 25 or 60 ECTS of
technology education and technical work. The remaining six teachers had studied to become
secondary school teachers (grades 7-9, ages 13—15) and in their university education they had
also studied 60-240 ECTS of technology education and technical work. The teachers were 26—
54 years old and had been working as a technology education teachers from 1 to 29 years. It
should be noted that figures from 2010-2014 show that in Finland, only about 12 female
teachers who qualified to teach technical work at grades 7-9 graduated each year. Those
teachers graduated from Department of Teacher Education in Rauma, Department of Teacher
Education in Helsinki and School of Applied Educational Science and Teacher Education in
Savonlinna, University of Eastern Finland. The primary school teachers in this study had
graduated from the Department of Teacher Education in Jyvéskyld and School of Education in
Tampere University. We chose to investigate teachers who had already graduated and who were
actually teaching technical work and technology education, because there are many options in
work-life, and after graduation not all will choose to be a teacher.

The engineering students were 20-29 years old and had been studying for 2—-6 years. The
students were chosen from two of the main Universities of Technology in Finland that provide
education in an engineering field. The students were from a range of degree programmes:
Mechanical Engineering, Civil Engineering, Information Technology, Signal Processing and
Communications, Materials Engineering, Environmental and Energy Technology, Electrical
Engineering, Biotechnology and Science and Engineering.

The semi-structured questionnaire consisted of questions concerning background information
(e.g., age and studies in general), whether participants had studied technical work, textile work
or both in school at grades 4-9, if so, how much. Then participants were asked about their basic
educational studies, how they felt about technology education during their basic education and
how much they studied so-called STEM subjects. Then, participants were asked about their
hobbies and the work of the family members. In addition, participants were asked to reflect
freely on the following themes Why did you decide to study what you are studying now/ have
studied?, What do you think affects a woman's interest in studying technology? and If you could
change or add something to basic education, what would that be?

A qualitative theory-oriented content analysis was carried out through identifying, and coding,
analysing and reporting the patterns within the data. This is characterised as a method for
examining material with descriptive content, especially if the phenomenon is relatively
unknown (Schreier, 2012). The analysis used Schein’s (1996) theory of career anchors to
provide clearer and more concise guidelines around the analysis (see Vaismoradi, Turunen, &
Bondas, 2013). When using qualitative content analysis, the primary aim is to investigate and
discover themes based on the frequency of their occurrence. This logical inference allows the
discovery of something new. Meaningful sentences or themes and manifest content were chosen
as the analysis units. After coding, the analysis units were grouped and categorised based on the
higher order heading of the theory of career anchors (Schein, 1996; Klapwijk & Rommes,
2009). In addition, three additional categories were derived from the data: familiarity,
encouragement and limited options. In the abstraction phase, general descriptions of ‘a female
engineer profile’ and ‘a female technical education teacher profile’ were formulated.
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Results

All the participants (n=24) had studied technology in the form of technical work to some extent
during their basic education at grades 3-9, but only four of these women had chosen or had
access to technical work at grades 5-7. Two of those continued to study technical work at
grades 7-9 when it is an elective subject. This number shows the reality of the still-existing
division between technical and textile work. The division creates a situation whereby girls who
study textile work at grades 5-7 are left out of the technology-related activities that are part and
parcel of technical work. Rarely do they choose to or can study it, either, at grades 7-9. The
women's reflection about their decision in choosing textile craft instead of technical craft for
grades 5-7 revealed that there were many external factors that had an effect on their decision-
making. More than half (55%, 11/20) of the women in this study who had chosen textile work
reflected that they would have chosen technical work but that there were some ‘obstacles’ that
affected their decision (see Table 2).

Table 2 Women's reflections on their decision in choosing textile craft instead of technical craft
(T=Teacher, E=Engineer)

T2:  The atmosphere then was that technical work was for the boys and something else was
for the girls.

T3: I would have needed some encouragement or a friend with me to choose technical
work.

T6: I wanted to choose technical work, but I was told at home to choose textile work.

T8:  Group pressure affected the decision surely; in crafts we were divided based on our
gender, and I didn’t even think about choosing differently.

T9: I chose textile work because it was more familiar to me, and I thought that I should
know more about technical work to choose it.

T10: I chose textiles, because I felt that girls would automatically choose textile work, and
boys study technical work.

T12: In primary school, I didn’t even dare to think of choosing differently.

El:  Iwasin textile work, where all the other girls were, but actually I would have rather
studied technical work.

E2: I would have chosen to study technical work, but my mother forced me to choose
textile work.

E6:  Ithought that technical work would have been more interesting and important, but I
felt that I didn’t have enough experience in it to choose it.

E11: Ichose textile work because all the girls chose it.

All the engineering students (100%, 12/12) as well as 58 percent (7/12) of the teachers studied
so-called honours mathematics (10—15 courses) in upper secondary school. The same pattern
seems to continue in the extent to which participants studied physics, chemistry and biology in
upper secondary school. Many (71%) of the engineering students, but only 29 percent of the
teachers, studied honours physics and chemistry.

Female career anchors

After categorising the data, two career orientation profiles were formulated. These profiles state
the main elements, or anchors, that had an effect on the women's decisions to study and enter a
career in technology-oriented fields based on the participants responses to the questionnaires.
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Female engineer profile

The most influential career anchor identified by these women was ‘technical or functional
competence’. Many (10/12) of the respondents noted that they had a high level of competence
and interests in mathematics, physics, chemistry or biology. Because of these talents and strong
motivation to pursue these skills in studies and work life, they decided to become an engineer,
and therefore technical university was a natural choice for them. ‘Familiarity’ was also a
relatively meaningful factor in their career orientation. Half of the respondents (6/12)
commented that one of their parents, a sibling or a husband has studied to be, and is working as,
an engineer or in a field related to engineering. Because of the example of the family, it was
easier for them to enter engineering. Also, a reason for becoming an engineer was to choose
something completely opposite from what their mother is doing in a soft field as an artist or in
health care. In addition, a relatively important factor for nearly half (5/12) of the women was the
‘security/stability’ of the field. Their reason for entering to study in a technological field was
being well employed and to finding a good employer. They expected to find work easier than in
other fields and that technological fields are not so economically insecure, or rather the salary is
better. ‘Encouragement’ was only somewhat important for some (3/12) of the respondents.
These said that they had received support and encouragement from the family to enter a
technical field or in general, and had been encouraged to get a higher education degree.

Female technology education teacher profile

One of the most influential career anchor identified by these women was ‘technical or functional
competence’. While many (9/12) of the respondents had studied honours mathematics and/or
physics at school, almost all (11/12) have high-level competence in crafts, enjoy crafts and
creating things with their hands. They have always liked making and building different things as
a child, and were good in crafts at school. ‘Familiarity’ was also a meaningful factor in their
career orientation (11/12). One of the parents or many members of their family are also teachers
and/or working in a field related to crafts or engineering. In their family, they had always made
things by their own hands, and had many skilful people who are very interested of crafts. Also a
relatively important factor for these respondents was ‘encouragement’ (5/12), because one of
the reasons for choosing to study technology education and technical craft was the
encouragement from the teachers during technology education and technical craft studies at
university. ‘Security/stability’ was only somewhat important for them (3/12). The reason for
studying to become a technology education teacher was a better likelihood of finding a job,
because in general the field offers good employment options even in smaller municipalities.
Also, because of the new national curriculum 2016, a broad understanding and qualification in
crafts will enhance working options when looking for a job. In addition, a somewhat important
factor was ‘limited options’ of choosing a minor subject in their studies. Some (3/12) of them
chose technology education and technical work because it was the only good choice as a minor
subject.

How to encourage girls to enter technology-oriented fields

It was evident that high levels of competency and information received from their families were
important factors for these women in entering the technology-oriented fields in higher
education. Many suggested that school counselling and guidance should be improved in
providing pupils with information about the study options and job possibilities of technology-
oriented and engineering fields. There was a need to show girls that even though the engineering
and technology fields, particularly mechanical and electrical engineering, still have a label of
being masculine, not all fields are like that. Girls should be encouraged and provided with
information and possibilities to consider the various options available in the technical fields.
The participants stated strongly that good female role-model examples should be provided as
encouragement for girls. The masculine world might also be a positively affecting element for
some girls. Reasons like ‘as a woman in a technology-oriented field, one might find work
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easier’ and that ‘the field is economically more secure and the salary is generally better than in
female-dominated fields’, seemed to have an effect on some females’ career decisions.

Many of the participants also suggested that teachers in natural science and engineering-related
subjects (mathematics, physics, chemistry and technical work) at grades 7-9 should focus more
on showing the technology related skills and knowledge that are needed later in working life
These subjects should enhance gender-sensitive education and create learning experiences that
recognise girls’ and boys’ different interests. In addition, there should be more concrete working
and practical studies available in science education labs. Some kinds of studies in repairing and
fixing, where students concretely solve problems and fix things themselves, would teach them
important skills related to technology.

Discussion

This article presents some suggestions in relation to the striking under-representation of women
in the fields of science and engineering. Firstly, it offers an overview of the elements that have
an effect on women's decision to study and enter a career in technology-oriented fields.
Secondly, it specifically investigates whether studying craft, and especially technical work,
during basic education affects their decisions in this context.

When dealing with the theme of women in technology-oriented fields, it became evident that
women have a high level of competence related to the field they chose to study and/or are
working in. With technology education teachers, strong self-confidence in crafts was addressed
in this context, and with engineering students, particularly skills in mathematics, but also
physics and chemistry, were highly important elements. Engineering students stated their
awareness of how good skills in mathematics are a tool for a wide range of pathways in higher
technical education. A study of technical university students who chose an engineering
education found that they seemed to be aware that their aptitudes, especially in mathematics but
also in natural sciences, will bring them success (Engstrom, 2015, p. 124).

A theoretical understanding of mathematics and physics is needed in the technological field; but
additionally, skills such as technological problem-solving, design and creativity are relevant in
the engineering field. This leads to the question of potential in technology education.
Technology education and technical work are relevant to the degree that they have the potential
to develop students’ skills in many ways by raising their awareness of the various dimensions of
technology and also enhancing the creativity and innovativeness of young people. Therefore,
one way to encourage girls in technology-oriented fields would be to give girls and boys equal
opportunities to study technology; that is, to end the practice of asking pupils to choose between
textile and technical work. Through equal craft education, girls would also have the possibility
to discover technological topics and gain self-esteem in the field. However, it seems that the
gender neutral curriculum changes to a gendered curriculum when it meets the reality in schools
and many girls are left out of technology-related activities, as were the women in this study
(Virtanen, 2012; Virtanen et al., 2015). Obviously, women in technology-oriented fields feel
that their own competences are a meaningful anchor in their career. Providing girls with equal
possibilities to experience technological issues is only a start. In addition to that, and in the spirit
of the new forthcoming Finnish National Core Curriculum for Basic Education 2014 (NCCBE,
2014) that addresses multi-disciplinarity and integration, technical craft should be broadened
towards STEM: Science, Technology, Engineering and Mathematics.

A highly influential factor for these women in choosing their career seemed to be familiarity
with the field or the examples of, and encouragement from, their families. The women in this
study had received plenty of information about technology-oriented fields, which was influential
in their occupational choices. Five (42%) of the teachers had relatives who are, or were,
teachers. On the other hand, almost all of them had relatives who did crafts as a hobby or were
skilled in doing things with their own hands and, for example, had a wood/metal work shop at
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home. The same result of the parents’ influence in this question is evidenced in other studies
which state that those women who see the profession of scientist or engineer as a possible and
desirable career seem to have science and/or engineering-related qualifications, knowledge,
interest and contacts in their family (Engstrom, 2015; Sander, 2012). These women have already
received a high capital of engineering, technology or crafts in their childhood, and it seems to be
that their interest in technology is often strongly initiated by their father (Sander, 2012;
Luomalahti, 2004).

Previous studies have shown that interest and self-efficacy with respect to technology arise early
in childhood (Turja, Endepohs-Ulpe, & Chatoney, 2009; Endepohls-Ulpe, Ebach, Seiter, &
Kaul, 2012). As not all parents are interested in crafts and technology, or work in a technology-
oriented field, we suggest that in order to raise the interest of those girls who will have no
example from their family, it is important that schools take more responsibility for providing
information and role models for these possible study and career options. It is necessary to
improve school counselling and guidance in providing pupils with information about their study
options and job possibilities in the technology-oriented and engineering fields. In addition,
teachers in the natural sciences and engineering-related subjects should focus more intensively
on showing the technology related skills and knowledge that are needed later in work life,
especially for girls. It seems that girls often tend to be less confident in their own technical
abilities, and therefore it is important that they would receive support and encouragement from
their teachers (Virtanen et al., 2015; Endepohls-Ulpe et al., 2012).

Although this research presents the results of women's career anchors in technology-oriented
fields, we should not consider women as a uniform category. The technology-oriented field is a
very broad concept and there were differences among the women in engineering and the
technology education teachers. Moreover, the empirical study was limited to a rather privileged
group of women at masters’ degree level. Hence, their career concerns and aspirations might be
quite different from women with less education. Even thinking of having a career depends on an
individual's educational, occupational and family background. Regarding this question, there
was already a difference between the women in engineering and education.

Women’s presence in technological fields is essential, because diversity fosters excellence in
research and innovation. As the Finnish Minister of Education, Krista Kiuru, said on 15 October
2013 in her opening speech at the first Women in Tech seminar, “We cannot afford to waste any
talents. We need all the best people working together, whether women or men” (Kiuru, 2013).
Could we increase girls’ interest in technology education and ultimately technology-related
careers by providing girls with more possibilities to come into contact with technology and
acquire skills and experiences in the area? Finally, we hope that this study provides some
positive perspectives on women’s interests in technology-oriented career paths and that thereby
supportive interventions can be implemented.
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Abstract

In order to introduce a more equitable gender balance in
education and consequently in the labour market, it is
highly relevant to continue to expand our knowledge of
technology education and to give attention to gender
related issues. The ultimate purpose of this study was to
contribute to efforts to get more women to study
technology and pursue technological careers by
investigating their experiences. To approach this, the aim
was to offer an overview of the gendered processes that
girls and women may experience when studying and
working in the area of technical craft and technology
education.

The study was carried out using semi-structured theme
interviews, and the data were collected from November to
December 2014. The study group consisted of seven
female teachers of technical craft and technology
education working in basic education schools. A qualitative
theory-oriented thematic analysis was carried out through
the identification, coding, analysis and reporting of patterns
within the data. The findings revealed that all of the
participants had experienced gendered patterns in terms
of divisions of labour, construction of symbols and images
and interactions between women and men. It is hoped
that the findings of this study will facilitate the
implementation of supportive interventions in the future.

Key words
technology education, technical craft, women, girls,
gendered processes, experiences

Introduction

Technology is playing an increasingly important role in all
realms of life—in peoples’ private lives, as citizens and
consumers and in their work lives (Ardies, 2015).
Whenever and wherever each of us was born and spent
our early years, we have been profoundly influenced by
the technologies we have encountered (Keirl, 2011:237).
Therefore, it can be claimed that technology is an
important part of our daily lives, and the experiences we
have with technology have an impact on personal
interests, career aspirations and social role patterns related
to technology (Volk, 2007:191). Technology education has
been developed to help people with technology by

providing them the tools and skills they need to
understand and utilise it. It has been suggested that
problem-based activities can assist people to become
critically literate to address issues through active
engagement in both: tool-related hands-on and discursive
practices of technology (Wilkinson and Bencze, 2011).
Another concept related to technology education is the
term STEM (Science, Technology, Engineering and
Mathematics), which has become established in the field
of education, and technology is one of the subject areas
included under the STEM umbrella. All over the world
knowledge and understanding of the subjects involved in
STEM are considered vital for young people in an
increasingly science- and technology-driven society, and
STEM education is seen as a new ‘arms race’ that
governments are prepared to invest heavily in (Banks and
Barlex, 2014). The call for improved STEM education
continues under the auspices of strengthening the flow of
qualified people into the STEM workforce and enhancing
STEM literacy for the general population (Ritz and Fan,
2015).

In Finland, there is still no special subject called
technology education in basic education; rather, the
education of the topic is currently decentralised and taught
through various subjects (Autio et al.,, 2011; National Core
Curriculum for Basic Education 2004 (hereinafter NCCBE
2004); National Core Curriculum for Basic Education
2014 (hereinafter NCCBE 2014)). Technology as a
concept was introduced — but not defined — for the first
time in the Finnish Framework Curriculum for
Comprehensive Schools in 1985 as a component of the
craft subject, ‘technical work and textile work’ (Rasinen et
al, 2011:99). NCCBE 2004, which is still in effect,
introduced seven cross-curricular themes in Finnish
education, one of which is "Human beings and
technology/, that self-evidently addresses technology
education. Cross-curricular themes are to be integrated
into different subjects; thus, it appears that much of the
technological content of the "Human beings and
technology’ theme is studied during crafts lessons, in
particular technical craft and they share same specific aims
(Jarvinen and Rasinen, 2015). In NCCBE 2004, it is stated
that the compulsory subject of craft should encompass
core technical and textile content for all pupils at grades
one to seven. Craft education is a practical subject with
hands-on activities, and pupils actively practise
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experimentation, investigation, invention, problem solving
and design skills. In craft education workshops (technical
and textile), pupils are working with different materials and
techniques when working with their projects.

However, in craft studies, pupils may be given the chance
to specialise in either technical or textile craft according to
their interests and inclinations after grade four (NCCBE
2004:242). The gendered division in craft creates a
situation whereby girls who study textile craft in these
grades are often left out of the technology-related
activities that are part and parcel of technical craft. In fact,
girls in grades seven to nine rarely choose to study
technical craft or anymore have the option to study it
(Niiranen and Niiranen, 2015). It has been claimed that
Finnish basic education is still demonstrating a very
traditional image of gender roles to their pupils (Berg et
al., 2011:98; Kokko, 2008). In spite of many years of
curriculum work around gender equality, craft education is
still often gendered because girls mainly study textile craft
with a female teacher, while boys study technical craft with
a male teacher (Kokko and Dillon, 2011; Niiranen and
Niiranen, 2015).

The opportunities women have to shape their own lives
have dramatically increased in the past few decades
(Quaiser-Pohl and Endepohls-Ulpe, 2012). Technology-
oriented fields, however, are still a rather male-dominated
area, nor has an effective approach for achieving a higher
number of women in natural science and technology
careers yet materialised in EU countries. The reluctance of
women to enter occupations in the natural sciences or
technology has already been established in number of
previous studies (e.g. Klapwijk and Rommes, 2009;
Mammes, 2004; Sander, 2012; She Figures, 2012). Even
though gender equality and non-discrimination have long
been critical concerns in Finnish education, there has been
little research to date about girls' attitudes or motivations
towards technical craft, technology education, nor females'
experiences or career aspirations in relation to technology
oriented fields. In order to introduce a more equitable
gender balance in education and consequently in the
labour market, it is highly relevant to continue to expand
our knowledge of technology education and to give
attention to gender related issues. The current study seeks
to identify the inequality women may experience when
studying and working in a technology-oriented field.
Specifically, the study focuses on investigating the
gendered processes that exist in the area of craft,
especially in relation to technical craft, as being a
representative part of technology education in basic
education.

Gender issues

Technology has a deeply gendered history, and the
discourses relating to gender and technological activity
reflect this fact by labelling it ‘masculine’ and ‘not a place
for a woman' (Layton, 1993:35 in Murphy, 2006). In
general, Western masculinity is associated with
independence, self-reliance, strength and leadership, and
femininity with conformity, passivity, nurturing and concern
for people (Riggs, 1994). When attempting to represent
masculinity and femininity, we tend to place them in
opposition; in other words, what one is, the other is not
(Murphy, 2007:240). Blaine (2007) argues that even if
categories help us to economise our cognitive resources
and develop stereotypes, we simultaneously risk
discarding a great deal of individual information. Also,
these group-based beliefs do not provide very accurate
information about the individuals who belong to the group
(Blaine, 2007). The concept of gender must be always
seen in a socio-cultural context and from that perspective,
embedded beliefs, values, stereotypes, prejudices and
practices mark what is socially expected from men and
women (Madureira, 2012).

Even at a young age, children experience social processes
that expose them to ideas of what it means to be a girl or
a boy in their society, and they start to construct their
identities through observation of others and participation
in communities such as peer groups (Paechter, 2007).
Additionally, other people in their lives, such as parents
and educators, also have an influence on reinforcing the
development of early gender-typed attitudes and
behaviours or punishing those that contradict gender
norms (Turja et al,, 2009). When defining gender, we see
it as it has been presented in Gendered Innovations
(2013:9) as a ‘socio-cultural process that refers to cultural
and social attitudes that together shape and sanction
‘feminine’ and ‘masculine’ behaviours, products,
technologies, environments, and knowledge’. We also
agree with Goffman (1979), who claims there is no
gender identity but a learned capacity to provide and
absorb depictions of masculinity and femininity
(McDermott, 1996, citing Goffman in Murphy, 2007:240).

All organisations have inequality regimes, which can be
defined as loosely interrelated practices, processes, actions
and meanings that result in and maintain class, gender
and race inequality (Acker, 2006). Acker (1990) argues
that an organisation or any other analytic unit, for example,
a family, has gendered patterns based on distinctions
between masculine and feminine or male and female.
These patterns include advantages and disadvantages,
exploitation and control, action and emotion, and meaning
and identity (Acker, 1990:146). She also describes how
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these social processes are often complex and gendering
occurs in various interacting processes that are parts of the
same reality in practice, although analytically distinct
(Acker, 1990). According to her, the first set of processes
is the construction of divisions of labour (Acker,
1990:146). These processes are allowed behaviours,
allowed locations in physical space and allowed power,
including institutionalised means of maintaining divisions
in the structure of labour markets or in the family. The
second set of processes is the construction of symbols
and images (Acker, 1990:146) that explain, express or
reinforce divisions between women and men, and take
many forms for example in language, ideology, dress. The
third set of processes, that produces gendered social
structures involve interactions between women and men
(Acker, 1990:146-147) including all of those patterns that
result in the enactment of dominance and submission.
These processes help to produce gendered components
of individual identity, which may include awareness of
other aspects of gender such as choice of appropriate
work, language use or clothing, and presentation of self as
a gendered member of an organization (Acker,
1990:145-147).

Research question and methods

The aim of this study was to examine the inequality that
women may experience when studying and working in
today's technology-oriented field. Specifically, it focused on
investigating the gendered processes that might exist in
the area of craft education, especially in relation to
technical craft in Finland. The study was carried out using
semi-structured theme interviews, and the data were
collected from November to December 2014. Potential
participants were asked whether they wanted to
participate in the study by email or social media
(Facebook group of technical craft teachers), and
interviews were carried out with those who volunteered.
All candidates who were asked to participate in the study
decided to do so. The study group consisted of seven
female teachers of technical craft and technology
education who had graduated from various universities in
Finland. All the participants were working in schools of
basic education teaching technical craft to pupils in grades
three to nine (ages nine to 15). Three of the participants
had studied to become primary school teachers (grades
one to six; ages seven to 12) in university, and had
studied 25 or 60 European Credit Transfer and
Accumulation System (ECTS) of technical craft and
technology education. The remaining four teachers had
studied to become secondary school teachers (grades
seven to nine; ages 13 to 15) in university, and had
studied 60 to 240 ECTS of technical craft and technology
education. The participants were 26 to 54 years old and

had been working as technical craft and technology
education teachers for between one and 29 years.
According to numbers from the teacher education
departments from 2010 to 2014, in Finland, an average of
12 female and 44 male teachers graduated annually with
a qualification in teaching technical craft to grades seven
to nine.

The semi-structured theme interview consisted of
questions concerning background information (e.g, age
and studies in general), whether participants had studied
technical craft, textile craft or both in school from grades
three to nine, and to what extent they had studied it. Then
participants were asked to reflect on various themes
concerning their basic educational studies, and their
studies of technical craft and technology education at
university. The themes of the questions were: "How was it
like to study technical craft at school and what was your
attitude towards it?, ‘Why did you want to become a
technology education teacher?, "How were your craft
teachers and were they males or females?, ‘Did you
experience any gendered actions during your studies at
school or at the university or later on as a technical craft
teacher?

In the analysis phase, qualitative, theory-oriented thematic
analysis was carried out through the identification, coding,
analysis and reporting of patterns within the data (Braun
and Clarke, 2006). It is a widely used method for
examining material with descriptive content, especially in
the case of relatively unknown phenomena (Schreier,
2012). In order to achieve a better response to the
theoretical assumptions, Acker's (1990) theory of
gendered processes was used in the analysis. In the
theory-oriented qualitative theme analysis, the first step
was to formulate explicit definitions and coding rules for
each category by determining which textual examples will
be coded under which category. In the second step, the
identified themes were listed based on the frequency of
their occurrence, and grouped and categorised under
headings of gendered processes theory (Acker, 1990). In
the abstraction phase, general descriptions of each
category were created with original examples from the
data.

Results

All seven of the participating female technical craft and
technology education teachers had studied technology in
the form of technical craft for only short periods during
their basic education in grades three to seven. In addition,
one of them had chosen or had access to technical craft
courses in grades eight to nine. We used Acker's (1990)
theory of gendered processes to identify what social
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structures or processes women might have experienced in
relation to technical craft and technology education during
their own school time and later on in their role as
technology education teachers. It was evident that to
some extent, almost all of the participants had
experienced gendered patterns as divisions of labour
(Acker, 1990:146) at school when choosing textile craft.
While all of them had studied textile craft in grades five to
seven, many described aspects of allowed behaviours or
institutionalised means of maintaining divisions in crafts as
follows:

Teacher 1:/ chose textile craft because | felt that it was
the way it should be done; however, I also
liked textiles a lot.

Teacher 2: The atmosphere then was that technical craft
was for the boys and something else was for
the girls.

Teacher 3: / would have needed some encouragement or
a friend with me to choose technical craft.

Teacher 4: Girls and boys were separate, girls in textile
and boys in technical craft.

Teacher 5: 1 did not get much help or encouragement
from the technical craft teacher, so | chose
textile craft because it was easier for me.

Teacher 6: | wanted to choose technical craft, but | was
told at home to choose textile craft

Teacher 7: At that time, there was not any decision
making about this question.

The second process category, namely, construction of
symbols and images (Acker, 1990:146), was also a
feature of the women's lives in terms of how divisions
between females and males were expressed and
reinforced. Almost all (with the exception of one) of the
participants remembered having only male technical craft
teachers during their basic education (grades one to nine).
Two of them had a female technical craft and technology
education teacher at university. This result reveals that craft
education has been very gendered and undeniably have
had a ‘male’ label. Some of the participants also
remembered that the products they were guided towards
during technical craft lessons were gendered for female
pupils, for example, a doll's bed, and that almost all the
products were pre-designed by a teacher (male) and
therefore they were perceived to have a male perspective
for using them. Some of the women remembered

gendered appearing actions by their teachers, such as
never receiving help at all from the teacher during the
lesson or the teacher's unwillingness to help them solve
problems or show them how to do something. One of the
participants reported that it was only the teacher who
could use the machines, while they as pupils (girls only)
used hand tools.

The third set of processes, interactions between women
and men (Acker, 1990:146—147), appeared to be most
evident in terms of the women's own schooling, but also
later in their studies at university and while working as
technical craft teachers. All seven participants experienced
gendered patterns involving the enactment of dominance,
submission, questioning or wondering from male teachers,
colleagues, technical support staff at school or boys at
school. We further divided this set of processes into three
sub-categories: 1) Belittling and questioning: This
describes a situation where a person speaks to another in
a way that patronises or belittles the other person on the
basis of gender by using questions such as the following:
‘Oh my, do you really know how to do this?, ‘Do you
actually know what this is?, "Well that should be done this
way, you know’ or ‘Well you don't need it anyway, so |
don't have to show you that. 2) A request to prove skills:
This describes a scenario where a woman is asked to
prove her skills, for example, ‘I you can't prove that you
are adequately skilled and really able to do this..." or a
scenario where someone is looking for specific
qualifications but gets ‘angry’ because a person is qualified
but is @ woman. In this context, however, some of the
participants experienced women being used as a good
example of a technology teacher on the basis of their
superior skills. 3) Denial: This describes the behaviour of a
person who will not cooperate at all or will not accept a
woman as a colleague without receiving an extra
compensation.

In terms of gendered components of individual identity
(Acker, 1990:147), six of the participants presented the
aspects or assumptions of a woman's technical craft
identity as a member of that group. The most evident
assumption was related to the expectation of having
excellent technical skills. As one participant said ‘I did not
believe that my own skills were good enough to study it’
and another one expected that ‘all boys must be so
dexterous and good in that. One participant stated that
‘there might have been rarely one girl, in technical craft,
who was also very skilled'. One participant saw this in a
way that ‘as | have been a skilled girl who can do all these
things, it was not a problem for me to be a girl in technical
craft. Also, possessing traits of masculinity such as being
relaxed and not taking things too seriously was mentioned
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in one participants’ response as she expressed that ‘I am,
myself, quite relaxed and do not stress easily and | also do
not want to be with people who take things too seriously. |
felt that male students are not like that and knew that
many of them were going to study technical craft, so |
thought that studying with them would be nice’. Also, one
participant said ‘often female students were working with
a male student in order to get some kind of help and
support, but | did not have one to work with. — | wanted
to show that I can do it alone and manage without male
help"

Discussion

Based on various studies, it is evident that an increase in
the number of women in technical careers has not yet
been achieved in EU countries, and the reluctance of
women to enter occupations in the natural sciences or
technology is still a challenge that many educators
confront all over the world (e.g. Klapwijk and Rommes,
2009; Mammes, 2004; Sander, 2012; She Figures, 2012).
The ultimate purpose of this study was to contribute to
efforts to get more women to study technology and
pursue technological careers by investigating their
experiences. To approach this, we offer an overview of the
gendered processes that girls and women may experience
when studying and working in the area of technical craft
and technology education.

It seems that many of the women in this study
experienced gendered patterns as divisions of labour
(Acker, 1990:146), when choosing what craft to study (if
they even had that choice). Even though all of them
studied textile craft, their statements revealed aspects of
allowed behaviours or institutionalised means of
maintaining the divisions in crafts (see the statements
above in the Results section). Kokko and Dillon (2011)
state that children's perceptions of craft and the value they
place on them are substantially shaped by their
experiences at school and at home. The same finding was
evidenced in a study of women's career orientation in
technology-related fields by Niiranen and Niiranen (2015).
Many (11/20) of those women chose textile craft instead
of technical craft in primary school due to a tacit
assumption at school that girls should automatically
choose textile craft or based on other reasons such as
parents’ encouragement, peers’ decisions or group
pressure (Niiranen and Niiranen, 2015). Based on a
performed re-analysis of the assessment data of Finnish
National Board of Education 2010 by Hilmola (2015),
many schools in Finland still guide pupils to choose
between technical and textile craft after grade four (see
also NCCBE 2004). The data of 4,792 pupils revealed that
even though the division between technical and textile

craft still exists, more girls are choosing technical craft than
before, but boys are not choosing textile craft. According to
those data, 52.4 % (1,275) of the girls studied only textile
craft and 59.4 % (1,444) of the boys studied technical
craft. 9.1 % (221) of the girls but only 0.7 % (18) of the
boys chose opposite to the prevailing trend for their
gender, with the girls opting for technical craft and the
boys opting for textile craft. Depending on the school's
policies, some pupils did not choose between the crafts
but studied both equally. In the data for the 4,792 pupils,
37.6 % (915) of the girls and 38.7 % (940) of the boys
studied both crafts. (Hilmola, 2015.) The finding of this
study related to the divisions of labour and the numbers
of the 2010 assessment data show that evidently girls
have been, and still are, prepared to participate in future
technologies by choosing textile craft. One might ask
whether girls need encouragement to opt for a wider
range of technical subjects, rather than those defined by
the role of a traditional homemaker. This marked gender
difference in crafts must have an effect on girls when they
are planning their futures.

In connection with crafts, the guideline in Finland's new
National Core Curriculum for Basic Education 2014 is that
craft should be a common subject for girls and boys
during compulsory lessons in grades one to seven. As a
common subject, craft should include both technical craft
and textile craft for all pupils at the basic education level.
The objectives of the above guideline dictate that it will
not be possible to teach craft based only on the contents
of either technical craft or textile craft; rather, the contents
of both crafts will be needed when NCCBE 2014 is
implemented. There is also a distinct argument that in the
teaching of a craft, methods relating to both technical work
and textile work are used. The main change from NCCBE
2004 is the fact that the core contents of technical craft
and textile craft will no longer be taught or referred to
separately. Pupils' own interests will be emphasised in the
future, but the interpretation of this in practice remains to
be seen when the new curriculum will come into effect in
2016. Considering the above mentioned finding on
divisions of labour and the numbers of the 2010
assessment data (Hilmola, 2015), this change is a positive
one in order to provide girls with equal opportunities to
experience technological issues at school.

The set of gendered processes, construction of symbols
and images (Acker, 1990:146), take many forms that
express and reinforce the division between women and
men. Almost all of the participants in this study
remembered having only male technical craft teachers
during their basic education. A study by lkonen and Kukila
(2015) of Finnish female technical craft teachers’
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experiences and perceptions of crafts revealed similar
evidence; all 12 participants reported that they only had
male technical and female textile craft teachers (lkonen
and Kukila, 2015). The image of technology as a
masculine domain has been striking, but in addition, what
pupils do during lessons and how work is pedagogically
organised affect girls' perceptions of technology. Some of
the participants in our study reported gendered actions on
the part of their teachers. One way to develop technology
education is to focus on gender-sensitive learning
experiences that recognise girls' and boys’ different
interests as individuals. To achieve this, attention should
be paid to assumptions about what girls and boys can and
want to do, and pupils should be offered the support
needed to develop new learning habits. Furthermore,
technical craft should be expanded to include a broader
view of technological practices in order to help pupils to
see the relevance of their studies (see Murphy,
2007:250). We see teachers playing a key role in
dismantling gendered practices and renewing the image of
technology education, because they are best placed to
alter pupils’ perceptions and indeed their whole identity.

The set of gendered processes, interactions between
women and men (Acker, 1990:146—147), appeared to be
very present during the women'’s school time but also
later in their university studies, job application endeavours
and work as technical craft teachers. All seven participants
had experienced gendered patterns such as belittling or
questioning, being asked to prove themselves or being the
victims of denial at some point in their lives. Mainly, the
comments were made in situations where female
technical craft teachers were applying for a new job or had
just started in a new teaching role. Educators should take
care of their students and understand that there are
individual differences between needs, behaviours and
attitudes of girls and boys, women and men. As Kirsti
Lonka, a professor of Educational Psychology said on 7th
October 2015 at the Women in Tech forum, ‘Embrace the
difference and diversity between men and women. There
is talent in everyone, gender doesn't matter if you master
the skills’ (Lonka, 2015).

One aim of schools, as institutions, is to respond to global
economic challenges and help pupils see the breadth of
possible study and career options. Might improved
technology and craft education increase the number of
students who enter higher education as STEM majors?
Therefore, we argue that in the spirit of the forthcoming
NCCBE 2014 in which multidisciplinary issues and
integration are addressed, technical craft should be
broadened towards the approach of STEM. In Finland this
could mean that already project-based craft education

would integrate and lean more strongly on using
knowledge from science and mathematics in solving real-
world technology and engineering problems. The
hands-on nature of this subject helps students
conceptualise scientific and technological knowledge and
bring it into real world uses (see also Ritz and Fan, 2015).

Although this study provided insights of female technical
craft teachers' experiences, the study was limited to just
seven participants, with varying career lengths. It would
have been very interesting to describe gendered issues in
a chronological order in terms of experiences in different
eras (e.g. in the 1980s, 1990s and 2000s), but the data
was too limited for that. However, this process has proved
that further investigation in the area is needed. It is clear
that the women in this study struggled to establish a firm
foothold in a technology-oriented field; as one of them
asked, ‘Does it have to be such a rocky journey when one
has a true will to be a female technical craft teacher?
Finally, we hope that this study will provide some
perspectives on girls” and women's experiences of
technology, and that these perspectives can be used for
the implementation of supportive interventions.

References

Acker, J. (1990) ‘Hierarchies, jobs, bodies: a theory of
gendered organiszations'. Gender & Society, 4, 2, 139—
158.

Acker, J. (2006) ‘Inequality regimes. Gender, class, and
race in organizations'. Gender & Society, 20, 4, 441-464.

Ardies, J. (2015) Students’ attitudes towards technology. A
cross-sectional and longitudinal study in secondary
education. PhD dissertation. Antwerpen: Universiteit
Antwerpen.

Autio, O. Hietanoro, J. and Ruisméki, H. (2011) ‘Taking
part in technology education: elements in students’
motivation’. International Journal of Technology and
Design Education, 21, 3, 349-361.

Banks, F, and Barlex, D. (2014) Teaching STEM in the
secondary school: Helping teachers meet the challenge.
New York, NY: Routledge.

Design and Technology Education: An International Journal 21.2



Female Technology Education Teachers' Experiences of Finnish Craft

Education

Berg, P, Guttorm, H., Kankkunen, T., Kokko, S.,
Kuoppamaki, A., Lepist, J., Turkki, K., Vayrynen, L. and
Lehtonen, J. (2011) “Tytaille tyttdmaéisté ja pojille
poikamaista — Yksiléllisten valintojen viidakossa?
Sukupuolitietoisuus taito- ja taideaineiden opetuksessa ja
tutkimuksessa'. [Girly for the girls and boyish for the boys
—in the jungle of individual choices? Gender awareness in
teaching and research of art and skill subjects]. In J.
Lehtonen (ed.) Sukupuolindkékulmia
tutkimusperustaiseen opettajankoulutukseen. Helsinki,
University of Helsinki, pp. 91-116.

Blaine, B. E. (2007) Understanding the psychology of
diversity. California: Sage.

Braun, V. and Clarke, V. (2006) 'Using thematic analysis in
psychology'. Qualitative Research in Psychology 3, 77—
101.

Gendered Innovations (2013) Gendered Innovations:
How gender analysis contributes to research. Research
and innovation. Report of the expert group 'Innovation
through gender'. European Commission.

Hilmola, A. (2015) Re-analysis of the assessment data of
Finnish National Board of Education 2010. Available from
the author.

lkonen, T. and Kukila, J. (2015) Teknistd ty6td opettavien
naisten kokemuksia ja kasityksia késityon
sukupuolittuneisuudesta ja stereotypioista. [Female
technical work teachers’ experiences and perceptions
towards gendered actions and stereotypes.] Jyvéskyla:
University of Jyvdskyld. Kasvatustieteen pro-gradu
tutkielma.

Jérvinen, E~M. and Rasinen, A. (2015) 'Implementing
technology education in Finnish general education
schools: studying the cross-curricular theme ‘Human being
and technology". International Journal of Technology and
Design Education, 25, 1, 67—84.

Keirl, S. (2011) 'Primary design and technology education
and ethical technological literacy’. In C. Benson and J. Lunt
(eds.) International handbook of primary technology
education: Reviewing the past twenty years. London:
Sense Publishers, pp. 235-246.

Klapwijk, R. and Rommes, E. (2009) ‘Career orientation of
secondary school students (m/f) in the Netherlands'"
International Journal of Technology and Design
Education, 19, 4, 403—418.

Kokko, S. (2008) ‘Sitkeésti sukupuolittunut
késityonopetus'. [Gender-related persistent craft
education]. Kasvatus [Education] 4, 348-358.

Kokko, S. and Dillon, P. (2011) ‘Crafts and craft education
as expressions of cultural heritage: individual experiences
and collective values among an international group of
women university students’ International Journal of
Technology and Design Education, 21, 4, 487-503.

Lonka, K. (2015) October 7th. Panel discussion. Women
in Tech forum, Helsinki.

Madureira, A. F. (2012) 'Belonging to gender: social
identities, symbolic boundaries and images' In J. Valsiner
(ed.) The Oxford Handbook of Culture and Psychology.
Oxford Library of Psychology, pp. 582—601.

Mammes, I. (2004) ‘Promoting girls’ interest in technology
through technology education: a research study'.
International Journal of Technology and Design Education
14, 2, 89-100.

Murphy, P. (2006) ‘Gender and technology. Gender
mediation in school knowledge construction’. In J. R.
Dakers (eds.) Defining technological literacy: Towards an
epistemological framework. New York: Palgrave
MacMillan, pp. 219-237.

Murphy, P. (2007) ‘Gender and Pedagogy' In D. Barlex
(ed.) Design and technology: for the next generation.
Shropshire: Cliffeco Communications, pp. 236-251.

National Core Curriculum for Basic Education 2004
(NCCBE 2004). Helsinki: The Finnish National Board of
Education.

National Core Curriculum for Basic Education 2014
(NCCBE 2014). Maéréykset ja ohjeet 2014:96. Tampere:
Juvenes Print — Suomen Yliopistopaino Oy.

Niiranen, S. and Niiranen, S. (2015) ‘Women in
technology-oriented fields'. Australasian Journal of
Technology Education, 2.

Paechter, C. F. (2007) Being boys, being girls: learning
masculinities and femininities. London: Open University
Press.

Design and Technology Education: An International Journal 21.2

RESEARCH



RESEARCH

Female Technology Education Teachers' Experiences of Finnish Craft

Education

Quaiser-Pohl, C. and Endepohls-Ulpe, M. (2012)
‘Education, occupational career and family work —
similarities and differences in women's choices in Europe
(Editorial)". In C. Quaiser-Pohl and M. Endepohls-Ulpe
(eds.) Women'’s choices in Europe: Influence of gender
on education, occupational career and family
development. Minster: Waxmann, pp. 7—13.

Rasinen, A, lkonen, P. and Rissanen, I. (2011) ‘Technology
education in Finnish comprehensive schools'. In C. Benson
and J. Lunt (eds.) International handbook of primary
technology education: reviewing the past twenty years.
Rotterdam: Sense Publishers, pp. 97—-105.

Riggs, A. (1994) 'Gender and technology education’. In F.
Banks (ed.) Teaching technology. London: Routledge, pp.
217-226.

Ritz, J. M. and Fan, S-C. (2015) ‘'STEM and technology
education: international state-of-the-art’. International
Journal of Technology and Design Education, 25, 4, 429—
451.

Sander, E. (2012) 'Biographies of female scientists in
Austria — results of an interview study'. In C. Quaiser-Pohl
and M. Endepohls-Ulpe (eds.) Women's choices in
Europe. Influence of gender on education, occupational
career and family development. Minster: Waxmann, pp.
107-122.

Schreier, M. (2012) Qualitative content analysis in
practice. London: Sage.

She Figures (2012) Gender in research and innovation.
Statistics and indicators. European Commission.

Turja, L, Endepohs-Ulpe, M. and Chatoney, M. (2009) ‘A
conceptual framework for developing the curriculum and
delivery of technology education in early childhood".
International Journal of Technology and Design
Education, 19, 4, 353-365.

Volk, K. S. (2007) ‘Attitudes”. In M. de Vries, R. Custer, J.
Dakers and G. Martin (eds.) Analyzing best practices in
technology education. Rotterdam: Sense Publishers, pp.
191-202.

Wilkinson, T. and Bencze, L. (2011) ‘With head, hand and
hearth: children address ethical issues of design in
technology education’. In K. Stables, C. Benson and M. de
Vries (eds.) Perspectives on learning in design &
technology education. Proceedings of PATT25/CRIPT8
conference. London: Goldsmiths, University of London, pp.
406-412.

Design and Technology Education: An International Journal 21.2



	Increasing Girls’ Interest in Technology Education as a Way to Advance Women in Technology
	ABSTRACT
	ACKNOWLEDGEMENTS
	LIST OF ORIGINAL ARTICLES
	LIST OF FIGURES AND TABLES
	CONTENTS
	1 INTRODUCTION
	1.1 Premises of the study
	1.2 Aim and structure of the dissertation

	2 THEORETICAL BACKGROUND OF THE STUDY
	2.1 Women in technology
	2.2 Girls’ motivation towards technology education
	2.3 Women in technology-oriented fields
	2.4 Gendered processes

	3 RESEARCH METHODS
	3.1 Methodology of the four sub-studies
	3.2 Study 1
	3.3 Study 2
	3.4 Study 3
	3.5 Study 4

	4 SUMMARIES OF THE ORIGINAL SUB-STUDIES
	4.1 Article I: An analysis of technology education
	4.2 Article II: Gender-based motivational differences in technology education
	4.3 Article III: Women in technology-oriented fields
	4.4 Article IV: Female technology education teachers’ experiences of Finnish craft education

	5 CONCLUDING DISCUSSION — SEARCHING FOR WAYS TO ENCOURAGE GIRLS IN TECHNOLOGY EDUCATION
	5.1 Girls in technical craft and technology education
	5.2 Women in technology-oriented fields
	5.3 Methodological reflections and ethical considerations
	5.4 Limitations of this study and suggestions for the future research
	5.5 Concluding remarks

	TIIVISTELMÄ (FINNISH SUMMARY)
	REFERENCES
	APPENDICES
	ORIGINAL PAPERS
	TECHNOLOGY EDUCATION FOR CHILDREN IN PRIMARY SCHOOLS IN FINLAND AND GERMANY: DIFFERENT SCHOOL SYSTEMS, SIMILAR PROBLEMS AND HOW TO OVERCOME THEM
	GENDER BASED MOTIVATIONAL DIFFERENCES IN TECHNOLOGY EDUCATION
	WOMEN IN TECHNOLOGY-ORIENTED FIELDS
	FEMALE TECHNOLOGY EDUCATION TEACHERS’ EXPERIENCES OF FINNISH CRAFT EDUCATION



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




