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Abstract. In the current study, gymna-
sium students’ technology-related career
orientations were studied from a Social
Cognitive Career Theory perspective. In
order to address students’lack of interest
in technology related careers as recog-
nised worldwide, the design-based science
learning (DBSL) approach was used. For
the purposes of the current study, five
learning modules were adapted by the
research team from those developed within
a European project and taught by science
teachers (N=18). At the beginning of the
study, 10th-11th grade students (N=314)
completed a questionnaire consisting

of measures of career goals, interests,
self-efficacy, outcome expectations and
contextual supports in relation to technol-
ogy. After teaching 2-3 modules, students’
technology-related career goals were
again determined using a reduced version
of the same questionnaire. Based on the
outcomes, it was found that at the begin-
ning of the study, boys’ future career goals
were significantly more connected with
technology than those for girls. In addition,
boys had a stronger background related to
technology. As a result of the intervention,
students’ technology-related career goals
became significantly stronger for both
boys, as well as for girls, but the change was
more pronounced for gitls.
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Introduction

The importance of technological development for economical sustain-
ability and success is self-evident. This in turn, puts growing demands for a
suitably educated workforce. On the other hand, students’ knowledge, skills
and attitudes related to science, technology, engineering and mathematics
(STEM) may limit, or expand the range of students’ future career options. In
many countries, therefore, technology and engineering aspects and their in-
terplay with science and mathematics are strengthened within general educa-
tion (e.g. Ministry of Education, 2007; National Science Learning Centre, 2008;
Next Generation Science Standards, 2012). At the same time, as indicated by
different international reports (High Level Group on Science Education, 2007;
Henno, 2010; Business Europe, 2011), there is a serious decrease in young
people’s interest in STEM-related studies and careers.

While girls are as capable as boys in the science disciplines at the gen-
eral school level (VanLeuvan, 2004; OECD, 2010), women constitute only a
small percentage of the workforce within the field of science and technol-
ogy (VanLeuvan, 2004; Lent, Brown, Sheu, Schmidt, Brenner, Gloster, Wilkins,
Schmidt, Lyons, & Treistman, 2005; National Science Foundation, 2011). Girls
especially seem to suffer more than boys from stereotypes that are related
to external (parents, teachers, society) expectations (OECD, 2008). However,
it should be noted that some specific fields, such as medical sciences, show
a different picture, where women are over-represented (National Science
Foundation, 2011).

Students low interest in science and technology careers may be also
related to their low awareness of a range of career opportunities which can
be counteracted by studying science and technology, and also their lack of
familiarity with the expectations of science and technology careers (OECD,
2006; Eccles, 2007; Lavonen, Gedrovics, Byman, Meisalo, Juuti, & Uitto, 2008;
Vaino, Vaino, & Rannikmde, 2015). As pointed out by Cole (2011), students
may be well acquainted with professionals they meet in their every-day
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life, such as teachers, medical workers, officers, etc. but most have rarely been exposed to (other) STEM careers
or have a role model in these fields, only if their parents or relatives work in STEM fields. It is surely sad if we lose
students who are actually well suited for STEM careers, only because they are not familiar with the variety of career
opportunities in these fields.

As suggested by Michigan Department of Education (2015), students need comprehensive and up-to-date
information about different careers, including educational requirements, descriptions of typical work tasks, working
conditions, incomes, and opportunities for advancement. Moreover, career awareness activities need to provide
students with a better understanding of the changing nature of the labour market, mainly, due to technological
development but also because of the impact of a global economy (Michigan Department of Education, 2015). In
that direction, Cole (2011) suggests a number of practical solutions such as traditional face-to-face as well as on-
line conversations with professionals, interactive video conferences, use of virtual career counsellors, virtual job
shadowing and the use of relevant video excerpts. For example, in the study carried out by Wyss (2013), students’
awareness of possible STEM careers is raised through the use of video interviews with STEM professionals. Asch-
bacher, Liand Roth (2010) underscore not only the role of schools, but the role of different communities of practice
to play in career and identity development of young people and suggest a need for interventions to help socializers
better understand the nature of STEM careers and the ways how students can be informed and encouraged.

STEM Careers

It is quite common to consider STEM as a general and intertwined construct. At the same time, STEM fields
can involve a wide range of disciplines. Although there exists some disagreement with whether social sciences
should be also included within STEM, it is still more common to see STEM as consisting of natural and physical sci-
ences, technology and engineering (including also computer/information technologies), and mathematics (Chen
& Weko, 2009). The following tries to define “science”, “technology” and “engineering” within STEM in order to cast
some light to the possible careers within each and across these fields.

Although different definitions are given to the term “science’, there is much in common. For example, the

Academic Press Dictionary of Science and Technology (Morris, 1992) defines science as

the systematic observation of natural events and conditions in order to discover facts about them and to formulate
laws and principles based on these facts; the organized body of knowledge that is derived from such observations
and that can be verified or tested by further investigation; any specific branch of this general body of knowledge,
such as biology, physics, geology, or astronomy (p. 1926).

Thus, science careers are, by and large, related to what scientists (physicists, biologists, biochemists, neuro-
scientists, etc.) within the natural and physical sciences do. Unfortunately, when referring to “technology’, it must
be noted that this term tend to be more vague and ambiguous. Some frameworks, but also the public generally
tend to see “technology” only as a product (tools, artefacts, machines, equiptment, systems, techniques), or an
application of scientific knowledge (Ihde, 1991; DiGironimo, 2011). At the same time, Gardner (1999) puts forward
a more broad definition of “technology” - it can refer to artefacts (products), processes through which artefacts,
applications and solutions are made, but also to entire social systems and fields of work or study. The last is more
suitable when technology as a professional field is an object of discussion. Although closely interrelated and having
much in common, e.g. both science and technology are social enterprises, include a lot of experimentation and
are loaded with values and political influences (Ihde, 1991), the boundary line between science and technology
seems to lay in the purpose — when the purpose of science is to improve our understanding about the world and
develop theories about the phenomena, then the purpose of technology is to satisfy human needs while solving
practical problems in order to raise our quality of life (Gardner, 1999). Still, if the field “applied sciences” is the fo-
cus, this boundary line becomes quite blurred. However, the Feibleman’s (1961) definition of “applied sciences” as
the “use of pure science for some practical human purpose” places it rather closer to “technology” than “science”.
Feibleman (1961) also gives an example that helps better to understand the brittle distinction between science
and applied sciences:

The theoretical biochemist is a pure scientist working for the most part with carbon compounds. The
biochemist is an applied scientist when he explores the physiological effects of some new drug, perhaps
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trying it out to begin with on laboratory animals, then perhaps on himself or on volunteers from his
laboratory or from the charity ward of some hospital. (p. 310)

And extending further the same example — when this drug is going to become an industrial product, it
becomes already a matter of “technology”. There is a number of engineers and technologists who will design the
product, design and optimise relevant industrial processes, logistics, deal with safety, etc. As both professions (or
the groups of professions), are taken together, it becomes clear that it is not an easy task to distinguish “engineer-
ing” from “technology”. This is especially so when different philosophers of technology (e.g. Ihde, 1991; Mitcham,
1994) have used both of these terms interchangeably. Based on the American Heritage Dictionary of the English
Language (2011), the term “engineering” has been demarcated as

the application of scientific and mathematical principles to practical ends such as the design, manufacture, and
operation of efficient and economical structures, machines, processes, and systems; the profession of or the work
performed by an engineer.

Based on this definition, “engineering”refers to the processes such as designing and inventing in order to ar-
rive at products, tools, machines, or systems, while “technology”is seen as a more overarching construct (Gardner,
1999).This suggests that engineers and designers are working within the broader field called “technology”together
with technologists, technicians, etc. — careers that are considered common careers within “technology”. According
to the International Technology Education Association (2007), the field of “technology” can be further divided into
sub-fields such as medical technologies, agriculture and related biotechnologies, information and communication
technologies, transportation technologies, manufacturing technologies and construction technologies.

As in the study conducted by the authors (reported elsewhere), in which gymnasium students did not distin-
guish“engineering”from the field of “technology”, it was decided to use Gardner’s (1999) broader definition when
developing specifications about the term “technology” (engineering was seen as part of technology) which was
further given for students in the student questionnaire.

STEM Education

The term “STEM education”refers to teaching and learning in the fields of science, technology, engineer-
ing, and mathematics (Gonzalez & Kuenzi, 2012), thus all science, mathematics, and technology teachers ought to
be considered as STEM teachers. Still, as Sanders (2009) suggests, in many cases,“STEM education”simply refers to
the four separate and distinct fields without substantial interactions among the stakeholders. Therefore, in place
of STEM education as a quite worn-out catch phrase, Sanders and Wells (2006, quoted in Sanders, 2012) suggest
to use the term “integrative STEM education” which refers to

technological/engineering design-based learning approaches that intentionally integrate the concepts and practices
of science and/or mathematics education with the concepts practices of technology and engineering education. Inte-
grative STEM education may be enhanced through further integration with other school subjects, such as language
arts, social studies, art, etc. (p. 103).

Vasquez, Sneider & Comer (2013) have further underscored the notion that STEM education should be seen
as an approach that removes the traditional barriers separating the four disciplines and integrates them into real
world providing students with relevant learning experiences.

Notwithstanding the complexity and ambiguity of the term, different reports, suggestions and national
strategies for improving STEM education have been released during the last decade in many countries, e.g. in
US, Australia, Scotland (NGA, 2007; Science and Engineering Education Advisory Group, 2012; Marginson, Tytler,
Freeman, & Roberts, 2013). These, but also other documents (e.g. NRC, 2011), have addressed the concern about
the shortage of suitably prepared teachers able to meet the challenges of STEM teaching. Such teaching basically
means that teachers should be ready to conduct integrated courses, implement project-, problem- or design-based
approaches or tackle STEM-related global issues, which include teaching and learning in their classrooms, two or
more of the STEM subject areas and even beyond. Many teachers at schools previously prepared to teach single
ortwo isolated subjects within STEM are not actually prepared to become“STEM teachers”in its full and integrated
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meaning. Prior and obviously inadequate teacher education increases therefore the need for specially geared
continuous professional development programmes. Fortunately, there is still a gradually growing body of research
evidence showing that strong professional learning communities may help teachers to facilitate different STEM-
focused approaches when they are provided with relevant support (based on the literature review conducted by
Fulton, Doerr, & Britton, 2010). Sanders (2009) has also found that several semesters working together with STEM
teachers from different disciplines and using course assignments that required cross-discipline collaboration, is a
successful means of facilitating new integrative approaches, and helping to develop understanding of other STEM
education cultures. In order to provide science teachers with additional knowledge in technology and engineering,
a set of lectures and workshops have been carried out within the approach described above by Sanders (2009).
Quigly and Herro (2015) demonstrate how their transdisciplinary scenario- and project-based approach, together
with close collaboration between the project participants (also enabled by technology), help to familiarise teach-
ers with the new approach and understand the principles of the STEAM (added A= art). The other projects and
programmes (still, not always focused on integrated STEM approaches) that have been found to be effective for
supporting teachers’ professional development, have shared the following features:
1) they provide a sustained, content-focused approach, frequent collaboration and in-depth teacher
involvement;
2) address teachers’ classroom work and the problems they encounter in school settings;
allow teachers to try out and inquire new strategies in their classrooms, reflect on and discuss their
experiences in a trusting environment;
3) there exists coherence between the programme and teachers’ personal goals and needs (Birman,
Desimone, Garet, & Porter, 2000; Education Development Center, Inc., 2008; Wei, Darling-Hammond,
Andree, Richardson, & Orphanos, 2009; Vaino, 2013).

Determinants of Students’ Interest towards STEM Careers

The aspects that may influence or predict students’ interest towards science as well as mathematics-related
careers, have been exhaustively studied over many years. These aspects have been:
e students’ interest toward science subjects (e.g. Osborne, Simon, & Collins, 2003; Simon & Osborne,
2010);
e students’individual interests and self-concept (e.g. Krapp & Prenzel, 2011; Taskinen, Schiitte, & Prenzel,
2013);
* social supports and barriers, including gender aspects (e.g. Lent, Brown, Brenner, Batra Chopra, Davis, Tal-
leyrand, & Suthakaran, 2001; Fouad, Hackett, Smith, Kantamneni, Fitzpatrick, Haag, & Spencer, 2010).
Several authors have also studied students’career orientations towards STEM generally and have found many
significant determinants, mostly related to gender, teachers and teaching quality, peers, family members (Asch-
bacher, Li, & Roth, 2010; Cerinsek, Hribar, Glodez, & Dolinsek, 2013), prior knowledge, interest and engagement
in school science (Woolnough, Guo, Salete Leite, de Almeida, Ryu, Wang, & Young, 1997; Nugent, Barker, Welch,
Grandgenett, Wu, & Nelson, 2015). Based on these studies, it can be hypothesised that students’ relatively poor
interests in STEM studies and careers (OECD, 2006) can be explained by one or the combination of the following
factors: low-quality teaching and disinterested science and mathematics teachers, discouraging peers and teach-
ers, lack of family support, poor science knowledge and lack of interest towards school science and science more
generally. Furthermore, STEM studies and related careers are perceived often as too difficult and requiring more
effort than students are willing to exert (Aschbacher, Li, & Roth, 2010). Social norms that see STEM careers as non-
traditional for women seems to play an additional discouraging role for girls (Fouad, Hackett, Smith, Kantamneni,
Fitzpatrick, Haag, & Spencer, 2010). However, family models working within STEM fields seems to strengthen girls’
confidence to undertake science and technology studies (OECD, 2006). The last is of course, valid for both genders
(Bame, Dugger, de Vries, & McBee, 1993). Gender role socialization seems to lead to gender differences in terms
of work one likes to do in the future: females tend to want to work at occupations where they can help and/or
interact with other people (Teppo, & Rannikmae, 2008; Sjgberg & Schreiner, 2010), that enable contributing to
sustainable development and protecting the environment (Cerinsek, Hribar, Glodez, & Dolinsek, 2013), while males
tend to want to work at occupations that provide opportunities to become famous (Sjeberg & Schreiner, 2010),
manipulate physical objects and abstract concepts (Eccles, 2007), earn lots of money, control other people and
invent new things (Sjgberg & Schreiner, 2010). The questions are also posed how to re-engineer the education in
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order to offer equal opportunities to both boys and girls, but no consensus has yet been reached concerning the
assumptions, methods, or results that can be achieved (OECD, 2008).

The aspects of students’ technology and engineering related career orientations particularly and separately
from the other STEM careers have received relatively little attention in the literature. The exceptions here have
been those conducted with college and university students (e.g. Lent, Brown, Sheu, Schmidt, Brenner, Gloster,
Wilkins, Schmidt, Lyons, & Treistman, 2005; Alexander, Holmner, Lotriet, Matthee, Pieterse, Naidoo, Twinomurinzi,
& Jordaan, 2011). In the current study therefore, emphasis was given only to gymnasium (upper secondary) stu-
dents'technology-related career orientations (including engineering) and to the factors that were able to explain
their orientations. The planned intervention was also geared to influence students’ awareness about and values
towards careers particularly in this direction.

Social Cognitive Career Theory

In order to understand factors that may explain gymnasium students’technology-related career orientations
which, in turn, can help to develop relevant intervention approaches, the Social Cognitive Career Theory (SCCT)
(Lent, Brown, & Hackett, 1994) was used in the current study. The SCCT, being itself a derivative of Social Cognitive
Theory (Bandura, 1986), has been widely used and validated in a number of empirical studies (e.g. Lent, Brown,
& Hackett, 1994; Lent, Brown, Sheu, Schmidt, Brenner, Gloster, Wilkins, Schmidt, Lyons, & Treistman, 2005; Lent,
Lopez, Lopez, & Sheu, 2008). The central characteristics in SCCT are the individual’s self-efficacy, outcome expecta-
tions, personal interests and contextual supports/barriers used to explain reasoning behind students’ career goals
(see Figure 1).

Social supports Social barriers

Self-efficacy

) " Interests Career goals
Outcome
expectations

Figure 1:  Social cognitive career model (Lent, Brown, & Hackett, 1994).

According to Bandura (1986), self-efficacy is defined as the perception of one’s abilities (e.g. knowledge, skills)
to perform a task within a certain domain, whereas outcome expectations are the anticipated consequences of
a course of action, e.g. perceived monetary, self-satisfaction and social outcomes. Personal (individual) interest is
interpreted as a relatively stable tendency to occupy oneself with an object of interest (Krapp & Prenzel, 2011),
this being technology in the context of the current study. Self-efficacy and outcome expectations together have
proven to predict the interests an individual develops (Lent, Brown, & Hackett, 1994). Self-efficacy is found to have
an influence on outcome expectations related to a given area, but not the other way around (Lent, Brown, & Hackett,
1994). In other words, higher self-efficacy promotes more positive outcome beliefs, but high outcome expectations
(e.g. expected high salary) does not make people perceive themselves more competent in a given area. In a SCCT
context, a career goal is defined as the decision to choose a particular career area (Lent, Brown, & Hackett, 1994).
To understand students’career goals is particularly important, as different theories (e.g. Theory of Reasoned Action,
Fishbein & Ajzen, 1975; Theory of Planned Behaviour, Ajzen, 1991) together with their concurrent research have
proven the relationship between personal goals (intentions) and actual choice behaviours. Self-efficacy has shown
toinfluence career goals directly, but also through personal interests in a given area (Lent, Brown, & Hackett, 1994).
Thus, based on SCCT, persons aim to enter career fields in which they believe they have the required capabilities,
interest, and believe they are able to attain favourable outcomes (Lent, Brown, Sheu, Schmidt, Brenner, Gloster,
Wilkins, Schmidt, Lyons, & Treistman, 2005). In addition, social supports and barriers (gender, socio-economic status,
family background, provision of relevant information by school, encouragement/discouragement by teachers etc.)
relate to career goals directly, as well as through self-efficacy and outcome expectations, e.g. supports and barriers
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have an impact on self-efficacy and outcome expectancy, and in turn, relate to goals (Bandura, 1999; Lent, Brown,
Sheu, Schmidt, Brenner, Gloster, Wilkins, Schmidt, Lyons, & Treistman, 2005). Supports and barriers are usually
inversely related; that is, the perception of greater support is associated with lesser barriers (Lent, Brown, Brenner,
Batra Chopra, Davis, Talleyrand, & Suthakaran, 2001).

Design-based Science Learning

In order to address students’ (especially girls’) poor interest in technology and technology-related careers
(OECD, 2006; Business Europe, 2011), design-based science learning (DBSL) is put forward as an approach in the
current study. Design-based science learning, also called design-based science or design-based learning, is an ap-
proach that combines the elements of engineering design within inquiry learning, engaging students’in scientific
reasoning through solving authentic design problems (Mehalik, Doppelt, & Schunn, 2008; Vattam & Kolodner, 2008;
Apedoe & Schunn, 2013; Gomez Puente, van Eijck, & Jochems, 2013).

In DBSL, a trigger for students to promote further science learning, is a design-project in which students are
expected to develop a technological solution to a problem (Fortus, Dershimer, Krajcik, Marx, & Mamlok-Naaman,
2004; Apedoe & Schunn, 2013). The problem, itself, may grow out of actual needs, perceived by students them-
selves (Apedoe, Reynolds, Ellefson, & Schunn, 2008). Moreover, DBSL can build on students’'natural everyday design
experiences (Fortus, Dershimer, Krajcik, Marx, & Mamlok-Naaman, 2004). Therefore, DBSL is an excellent approach
for integrating scientific principles, technology applications, engineering design, and mathematics into a single
learning module or a series of modules that compile a whole course and it can be thus considered as an“integrated
STEM” approach. The design process within DBSL is similar to problem-solving and has a general structure, which
may include stages such as: (a) defining the problem and identifying the need; (b) collecting information; (c)
introducing alternative solutions; (d) choosing the optimal solution; (e) designing and constructing a prototype,
and (f) evaluation of the prototype (Doppelt, Mehalik, Schunn, Silk, & Krysinski, 2008; Laius & Rannikmae, 2011).
Still, as warned by Jonassen (2011), this process cannot be seen as simple and unidirectional as design problems
are among those most ill-defined and complex.

A number of studies have shown the advantages of design-based learning as a means for increasing motivation,
developing higher-order cognitive skills e.g. problem-solving and inquiry skills (Kolodner, Camp, Crismond, Fasse,
Gray, Holbrook, Puntambekar, & Ryan, 2003; Kask, 2009; Silk, Schunn, & Strand Cary, 2009), fostering personal and
interpersonal traits (Doppelt, 2003), enhancing achievements of both high- and low-achievers (Doppelt, Mehalik,
Schunn, Silk, & Krysinski, 2008). However, there are only a few studies which relate DBSL with students’technology-
related career orientations while also considering possible gender differences. Findings based on the results of
the previous study using DBSL modules, conducted by Vaino, Vaino, and Rannikmde (2015), show it is possible to
broaden gymnasium students’ understanding about the diverse field of technology and how science and tech-
nology are interrelated. Still, there is a need for further intervention-type studies aiming to address students’lack
of technology-related career interests through raising their awareness of characteristics associated with different
technology careers and opening up the full potential of this expanding employability area.

Methodology of Research

The purpose of this study was to examine gymnasium students’ technology-related career orientations and
identify factors that may explain their orientations. Moreover, the study included an intervention which lasted one
school year. It was expected to improve students’ technology related career interests first, through introducing
participating science teachers with integrated STEM approaches, such as design-based science learning approach
and secondly, the same approach was implemented by the teachers in their classrooms. The following research
questions were posed:

1)  What technology-related career orientations do students (boys and girls) hold?

2) What are the factors that explain students’ technology-related career goals?

3) Isthere any change in students’ technology related career goals through the implementation of spe-
cially designed modules?
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Sample

The participants in this study were 10™-11t" grade students (16-17 years old; N=314) and 18 physics and chem-
istry teachers from 11 Estonian schools. The teachers were volunteers in a sense that they agreed to participate
in the project through participating in in-service sessions during a school year and carry out adapted modules in
their classrooms. All three male teachers were physicists and the 15 female teachers were, accordingly, 5 physics,
8 chemistry and 2 teaching both physics and chemistry. All teachers were experienced and had taught more than
5 years. The number of students formed itself based on the available students in grades 10-11 who were taught
by the participant teachers.

Design and Implementation of the Modules

The five modules, developed by partner universities in the EU FP7 ESTABLISH (http://www.establish-fp7.
eu/) project and adapted by the research team for the purposes of the current, design-based science learning ap-
proach, were taught within optional (8 schools) as well as compulsory chemistry (1 school) and physics (3 schools)
courses.

The particular modules and the context of these modules were chosen and adapted, based on findings related
to different studies on students’ interests. Based on the survey of Teppo and Rannikmé&e (2008), ninth grade girls
were highly interested in health, appearance and other aesthetical aspects, while boys were more interested in
technology generally and in electrical phenomena more particularly, while problems related to the cosmos and
mysterious phenomena held high interest for both boys and girls. The international study, conducted by Elster
(2006), showed that students were more interested in topics that were related to practical applications and where
social aspects were involved in the science learning. Sjeberg (2002) showed that students were more interested
to learn physics topics, such as sound and acoustics in the context of music, than learning these topics without a
music context.

Based on the rationale provided above, four aspects were emphasised in the modules (Vaino, Vaino, & Ran-
nikmae, 2015):

* Design-and inquiry-based learning played an integral role in every module.

e Science content was embedded in, and related to, technological applications demonstrating its po-
tential usability.

e Every module began from an authentic problem that had importance in society, as well as being rel-
evant to students' lives seen as a trigger for learning science in depth (Holbrook & Rannikmae, 2010).
Students were expected to develop a solution (product, artefact) to the stated problem, e.g. they had
to design a cosmetics product or suggest a design for a Martian greenhouse. During this process, stu-
dents were guided to follow the design cycle suggested by Doppelt, Mehalik, Schunn, Silk, & Krysinski,
2008 (see earlier).

e Within every module, technology related careers were introduced involving different aspects: providing
students with relevant knowledge about the nature of possible careers within a field and highlighting
positive role models (from both sexes) through short real-life stories and video excerpts. Moreover,
through web searches, students familiarised themselves with educational requirements and typical
work tasks for a profession of their interest, related to the topic of a particular module. And last but
not least, students themselves became “engineers” through the design process when developing a
product or application.

The final list of modules selected and adapted by the research team was as follows:

¢ Why make home-made cosmetics?

* Medical imaging

e Sound

* Greenhouses on Mars?!

e Chitosan - the fat magnet?

potentially catering for girls’ interests in health and aesthetics by modules such as ,Why make home-made
cosmetics?,Medicalimaging” and, Chitosan — the fat magnet?*, while,Greenhouses on Mars?!" (space, extraordinary
phenomena) and ,Sound” (extraordinary phenomena) were expected to address equally interests of both sexes.
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Teacher In-service Sessions

In order to provide participating physics and chemistry teachers (all of them prepared to teach single or two
science subjects) with relevant content and pedagogical content knowledge, 5 in-service sessions (1-2 days per
session) were conducted. The first session was at the end of the school year, three others throughout the next
school year, and the last summary meeting before the beginning of the following school year. When designing
the sessions, the authors tried to relate the current in-service programme to the research- and best practice-based
guidelines, given in the literature on teacher professional development (see the earlier section:“STEM education”).
Most of all, an attempt was made to provide teachers with frequent collaboration (between teachers and between
teachers and the research team) and in-depth involvement throughout the extended period of time. During the
first session, teachers were introduced with the main ideas of a design-based science learning approach and
available learning modules which were previously adapted by the research team. After beginning to implement
modaules in the classroom, the teachers also became contributors helping to improve and refine the design of
every module. Throughout the following sessions, teachers had also the possibility to reflect on their experience
related to implementation of a particular module, demonstrate classroom artefacts and share their problems with
the other participants. The content of the lectures which was geared to extending teachers’ knowledge, mainly
in technology, engineering, and related careers and to a lesser extent in fundamental science and pedagogical
content knowledge, was negotiated with teachers. The purpose of all lectures was to build up and/or comple-
ment teachers’ knowledge in ways that would afterwards enable them to teach a particular module in their class-
room. For example, when teachers were working through the module “Greenhouses on Mars?!", a presenter was
requested from the team consisting of engineers and scientists who were developing construction prototypes
for extraordinary conditions. In every session, teachers together with the research team became “students” and
worked through a module or two from the beginning to the end, including discussions in groups and the design
of solutions and artefacts. During the last session, all participants presented a summary of their practice through
a short PowerPoint presentation.

Instrument

In the current study, the STEM Career Interest Survey (STEM-CIS) instrument (Kier, Blanchard, Osborne, & Al-
bert, 2013) was adapted and used as a part of larger questionnaire consisting of three sections. In the first section,
background data were asked which included students’ gender, date of birth (for matching pre and post test data),
school, stream and their self-efficacy in learning science subjects (altogether 8 items). The second section explored
students’ technology related attitudes and understanding of the nature of technology (4 open-ended questions
including 25 statements) and the last section was a students’technology-related career sub-scale (10 statements,
all derived from STEM-CIS). The results of the second section were analysed and reported elsewhere.

The original STEM-CIS instrument consists of four subscales exploring students’career interests in (1) science,
(2) technology, (3) engineering, and (4) mathematics and is designed to measure changes in studentinterestin STEM
subjects and potential careers as a function of the intervention. These sub-scales are validated for independent,
as well as for combined, use by Kier, Blanchard, Osborne, and Albert (2013). The STEM-CIS instrument is based on
Social Cognitive Career Theory (Lent, Lopez, Lopez, & Sheu, 2008). In the current study, only the technology related
sub-scale is used and then in an adapted version.

In the preface of the third part of the questionnaire, while completing the questionnaire students are asked
to think of ,technology*, as a combination of technology, technological design and what engineers and technolo-
gist do. The items of the questionnaire were reviewed by a group of science teachers and educators for adequate
content and pilot tested with a small sample of students (N=34) prior to data collection, so as to ensure readability
and clarity. The instrument was administered at the beginning of the school year and immediately after teaching
2-3 DBSL modules (the number of modules depended on the decision of the particular teacher). For the latter, a
reduced version of the questionnaire was used, as some background data and data believed by the research team
to remain constant as a result of the intervention, were eliminated. In the questionnaire, students were asked to
rank their degree of agreement with a given statement on a 5-point Likert scale from strongly agree to strongly
disagree. The items of the third part of the questionnaire were categorised based on the Social Cognitive Career
Theory (Lent, Brown, Sheu, Schmidt, Brenner, Gloster, Wilkins, Schmidt, Lyons, & Treistman, 2005), as follows:
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®  Personal goal (1 items)

e Self-efficacy (1 items)

e Personal interest (2 items)

e Contextual supports (4 items)

e Outcome expectations (2 items)

Data Analysis

In order to answer the first research question, descriptive statistics and an independent samples t-test were
conducted. The t-test was used to find out whether there was any difference between boys’ and girls'technology-
related career goals and related factors.

Additionally, two general linear models, separately for boys and for girls, were developed in order to find out
the strongest predictors of students’ technology-related career goals.

For the third question, a paired samples t-test was conducted: students’ technology-related career goals
were compared before and after teaching the modules. The test was conducted separately for boys and girls. The
significance level for all conducted analyses was determined, a priori, to be p < 0.05.

Results of Research

Students’mean responses to the questionnaire before teaching the designed modules are presented in Table
1. Based on the data, boys' future career goals are significantly more connected with technology than those for
girls (by a mean difference of +0.90** on a 5-point scale); boys read more technology related information and deal
more with technology related issues (+1.14%**), have higher parental expectations related to careers in technology
(+0.72**), have more role models in the technology field (+0.41%) including role models within their family (+0.70*¥),
like more to talk with persons working in the field of technology (+0.68**) and have higher self-efficacy in activities
that are related to technology (+0.41*). Boys as well as girls tend to believe that their teachers have not encour-
aged them enough to choose a career in the field of technology (mean values 2.65 and 2.43, respectively). Slightly
more positive are their responses to School has made me aware of the careers in the field of technology with mean
values 2.74 and 2.89, respectively. It was also found that girls have less tendency to believe that obtaining good
knowledge in technology enables them to enter different careers within the field of technology (-0.41*), although
the mean values for both boys’and girls’ are relatively high, being respectively 4.21 and 3.80.

Table 1. Students’ ratings on the technology related career sub-scale items.

Mean (SD)
Mean
Category Item Boys Girls difference

N=149 N=165

Personal goal | plan my future career to be in a technology related field 3.44 2.54 0.90**
(0.99) (1.00)

Self- | am able to do well in activities that are related to technology 3.65 3.24 0.41*
Efficacy (0.82) (0.84)

Personal | like to talk with persons who use technology in his/her career or who 3.56 2.88 0.68**
interest works in the field of technology (0.97) (0.90)

| like to read technology related information or deal with technology 3.59 2.45 1.14**
related issues (0.98) (1.01)

Contextual | know of someone in my family who uses technology in his/her career, or 3.58 2.88 0.70*
support works in the field of technology (0.97) (0.99)
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Mean (SD)
Mean
Category Item Boys Girls difference
N=149 N=165
| have a role model in the field of technology 3.18 2.81 0.37*
(1.24) (1.37)
School has made me aware of the careers in the field of technology 2.74 2.89 0.15
(0.96) (1.03)
My teachers have encouraged me to choose a career in the field of 2.65 243 0.22
technology (0.87) (0.89)
Outcome My parents would like it if | choose a technology related career 343 2.7 0.72*
expectation (0.98) (1.13)
If | possess good knowledge in technology, | will be able to undertake 421 3.80 0.41*
many different types of careers (0.85) (0.86)

*p <0.05, **p < 0.0071

A General Linear Model (GLM) analysis (Graham, 2008) was conducted to discover the main predictors amongst
predetermined and some added factors on students’technology-related career goals. In Table 2, the standardized
beta values of two models (separately for boys’and girls’) were given.

Table2.  Outcomes from an analysis of boys’ and girls’ regression models.

Standardized Beta
Predictor of ,,| plan to work in my future career in a technology
Category - .
related field Boys Girls
N=149 N=165
Self-efficacy | am able to do well in activities that are related to technology 0.381* 0.007
Personal interest I like to talk with persons who uses technology in their career or who work in 0.167 -0.021
the field of technology
I like to read technology related information or deal with technology related 0.299* 0.194*
issues
Contextual support | know of someone in my family who uses technology in his/her career or 0.062 -0.101
works in the field of technology
| have a role model in the field of technology 0.046 0.169
School has made me aware of the careers in the field of technology 0.051 0.022
My teachers have encouraged me to choose a career in the field of technol- 0.030 0.053
ogy
Outcome expectation My parents would like it if | choose a technology related career 0.189* 0.342*
If | possess good knowledge in technology, | will be able to do lots of different 0.065 -0.019
types of careers
Self-efficacy in learning | think | am pretty skilled in learning chemistry -0.097 -0.039
science subjects I think | am pretty skilled in learning physics 0.099 -0.003
| think | am pretty skilled in learning biology -0.084 0.014
Other Chosen science track in gymnasium 0.027 0.065

*p <.05, **p <.01. All given predictors accounted for 80% variance for boys and 59% for girls on technology-related career goals.

Based on the analysis, it can be said that the strongest predictor for boys, as well as girls, is reading technology-
related information and interacting with technology-related issues (being more strongly expressed by boys) and
parental expectations (My parents would like it if | choose a technology related career), the last being more important
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for girls. Students’ technology-related self-efficacy was found to be an important predictor for boys, but not for
girls. Based on the results, contextual support factors such as existing role models in- and outside family, provision
of relevant information by school and teachers’ encouragement played only a minor role in predicting students’
technology related career goals.

Students’mean responses, gained from the questionnaire conducted after teaching the modules, were com-
pared with the initial data (presented in Table 3).

Table 3. Paired samples t-test on students’ responses to the statement, I plan to work in my future career in
atechnology related field".

Boys Girls
N=145 N=151 Total
Mean (SD) Before 3.47 (0.99) 2.52 (1.00) 2.98 (1.01)
After 3.84 (1.01) 3.62 (0.95) 3.72(0.99)
Mean change 0.37* 1.10* 0.74*

*p<.05*p<.01

As seen from Table 3, students’agreement with the statement / plan to work in my future career in a technology
related field became stronger after the intervention. The change was statistically significant for both, boys as well
as girls, but was more strongly expressed by girls.

Discussion

This study has three main objectives: (1) to examine gymnasium students’technology-related career orienta-
tions, (2) to identify factors that may explain their career goals, and (3) to find out whether it is possible to increase
students’interest towards careers within the field of technology. Boys'and girls’ results are considered separately
and compared with each other as based on the literature (e.g. Eccles, 2007), gender is a substantial factor in the
development of personal interests and one’s career decisions. The Social Cognitive Career Theory accompanied
by other studies is used to gather data and interpret the results.

The current study obtains unsurprisingly similar results with other studies conducted with various students’
age groups regarding gender specific background factors related to technology and technology careers. It is re-
confirmed that males have significantly stronger interests towards technology (Bame, Dugger, de Vries, & McBee,
1993; Boser, Palmer, & Daugherty, 1998; Mawson, 2010), have higher parental expectations related to careers in
male-dominated fields such as e.g. technology and engineering (Seymour & Hewitt, 1997), and finally that males’
future career goals are significantly more connected with technology than those for females (OECD, 2008; Jenkins
& Nelson, 2010). The last finding is in accordance with findings that male students tend to prefer occupations that
provide opportunities to manipulate physical objects and abstract concepts (Eccles, 2007) and invent new things
(Sejberg & Schreiner, 2010), activities that are generally seen as part of technology and engineering. On the other
hand, girls'tendency is to choose occupations where they can work with people and help the others (Teppo, & Ran-
nikmae, 2008; Sjoberg & Schreiner, 2010) or contribute to sustainable development and protecting the environment
(Cerinsek, Hribar, Glodez, & Dolinsek, 2013). This may not in principle, exclude technology and engineering from
one’s list of favourite occupations as many engineers and technologists work with the problems that are related to
urgent human needs (e.g. design of artificial arms). Still, students’inaccurate or poor information about the nature
of different careers (e.g. Lavonen, Gedrovics, Byman, Meisalo, Juuti, & Uitto, 2008) go hand in hand with prevailed
stereotypes of engineers and technologists as nerds who focus only on mechanical tasks with little human relevance
(Eccles, 2007) and may, at least partially, explain the low popularity of technology careers amongst girls.

The findings that girls have less tendency to believe that they are able to do well in activities related to tech-
nology and secondly, obtaining good knowledge in technology enables them to enter different careers within the
field of technology, can be partially explained by Eccles (2007) statement that commonly held stereotypes about
gender differences (including parents’ gender-differentiated expectations) ,are likely to lead females and males
to have different estimates of their own personal efficacies for physical sciences and engineering” (p. 202). The
same tendency reflects itself already during the basic school mathematics and science studies: even when having
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comparable results with boys, girls in a number of countries tend to have lower self-efficacy in their subject skills
(OECD, 2007; OECD, 2013).

In the current study, teachers in the eyes of students do not seem to play a role in strengthening traditional
sex stereotypes (that tends to see technology careers as only for males) as the difference between boys’and girls’
responses to the statement My teachers have encouraged me to choose a career in the field of technology is very
small (still in favor of boys). According to the results, teachers tend to play a relatively modest role in encouraging
students towards technology related careers which, however, may be an underused potential as, based on Jacobs
and Eccles (2000), children and youngsters construct their own interests, values and choice priorities based on
messages from a variety of socializers, including their teachers.

As shown before in this paper, personal interest, interpreted as a relatively stable tendency (Krapp & Prenzel,
2011) may, in turn, be influenced by self-efficacy and outcome expectations one holds towards the same field
(Lent, Brown, & Hackett, 1994). All together, directly or indirectly, these predict one’s career goals within the same
field (Lent, Brown, Sheu, Schmidt, Brenner, Gloster, Wilkins, Schmidt, Lyons, & Treistman, 2005). Amongst these
psychological constructs, one’s self-efficacy is found in many studies to be the most significant factor in predicting
students’ career goals in the same area (e.g. Lent, Brown, Sheu, Schmidt, Brenner, Gloster, Wilkins, Schmidt, Lyons,
& Treistman, 2005; Lent, Lopez, Lopez, & Sheu, 2008). Based on the results of the current study it shows that the
strongest predictor for boys, as well as girls career goals related to technology, is their interest towards technology
(reading technology-related information and interacting with technology-related issues) which stresses the central
role that interests play in one’s career decisions. Still, students’ technology-related self-efficacy is found to be an
important predictor for boys, but not for girls. Thus, it can be said, that the current study only partially confirms
the previous findings referred to earlier. This discrepancy can still be explained by the assertion of Betz & Hackett
(2006) that the SCCT model is quite specific to a domain of behaviour (whether it is related to science, engineer-
ing, mathematics or social studies) and the context of the study (students’ age group, gender, etc.). In addition,
girls may be influenced by prevailed social norms that see technology careers as wholly masculine (as discussed
previously), even if girls like dealing with, or read about technology. Plus the fact that STEM studies amongst the
other fields are anyway considered as generally difficult (Aschbacher, Li, & Roth, 2010). It is surprising in the current
study that self-efficacy in learning science subjects, as well as choosing a science track in gymnasium (identified as
students taking advanced courses in science and mathematics subjects), are not significant predictors of students’
technology-related career goals. The last can be explained by the peculiarities of the Estonian educational system,
where notwithstanding the chosen stream in gymnasium (science, humanities or social), students tend to study
substantial compulsory subjects (including science subjects, mathematics, languages, history). This generally
means that even when a student has made a choice e.g. the social track, s’/he may enter a career field related to
science and technology, or vice versa. From the science track, it is possible to choose history, languages, etc. as
areas for further studies and a career.

Parents’ expectations towards choosing a technology related career play a stronger role in predicting girls
career goals and to lesser extent, boys’ goals. The last finding coincides well with the OECD report (2008) accord-
ing to which girls choices are, more than boys, related to expectations of their parents when choosing a career. A
similar tendency is found in the study conducted by Cerinsek, Hribar, Glodez, and Dolinsek (2013) according to
which mothers influence females’ choice of studying STEM significantly more than males’ choice.

Based on the SCCT, social supports and barriers relate to career goals directly, as well as through self-efficacy
and outcome expectations (Lent, Brown, Sheu, Schmidt, Brenner, Gloster, Wilkins, Schmidt, Lyons, & Treistman, 2005).
Social support indicators that are tested in the current study are: (a) provision of relevant information by school
about and (b) teachers’ encouragement towards, technology related careers. As it turns out, neither of these play
a significant role in predicting students’ technology related career goals. Therefore, it is suggested by the authors
that school education generally and STEM teachers particularly needs to put more emphasis on students’ career
awareness. As many teachers at school may not be prepared to actually address these challenges, more intervention
programmes may be needed to help teachers to become more knowledgeable. Taking into account the role that
parents (especially parents of girls in the current study) play in determining one’s career decision, more outreach
activities therefore need to be provided by local communes or other communities of practice, in collaboration with
schools or independently, to raise the career awareness of parents and public more generally (as is also proposed
by Aschbacher, Li and Roth (2010)).

The intervention in the current study was particularly geared to influence students’ awareness about and
interest in careers in technology and engineering. As a result of the intervention where teachers took part in the
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in-service programme and implemented design-based modules in their classrooms, students’ career goals related
to technology (including engineering) became stronger. The finding that the change was more strongly expressed
by girls could be explained, first, by the context of the learning modules expected to attract especially girls or being
equally attractive for both sexes. Secondly, students in the current study had the possibility to become,engineers”
through a design-based science learning approach introducing a range of careers, different aspects of these careers
and to persons working in the field of the given DBSL modules (the ability to raise students awareness by the same
DBSL modules was already shown by the previous study of Vaino, Vaino, & Rannikmée (2015)). And finally it could
be speculated by the authors, that the in-service programme with in-depth teacher involvement and close col-
laboration between the participants plus provision of relevant learning materials helped them to familiarise the
integrated STEM approach and implement it in their classrooms. Still, the last statement needed further confirma-
tion and would be reported elsewhere.

Conclusions and Implications

Based on the results of the current study, it was found in the pre-intervention, that boys had significantly
stronger technology-related future career goals and greater background indicators (reading more technology
related information, dealing more with technology issues, having more role models in technology field and higher
parents expectations related to careers in technology) than girls. The strongest predictors of boys’ future career
goals in the field of technology was found to be perceived self-efficacy in technology-related activities, while the
strongest predictor for girls was parental expectation to enter a technology-related career.

As a result of the intervention, students’ technology-related career goals became significantly stronger for
both boys, as well as for girls, but being more expressed by girls. It was assumed this was a result of the suitability
of the implemented learning modules which paid special attention to students’existing interests when choosing a
context for a module, plus raising students’ awareness of the possible careers in the field of technology. Still, there
was a need for further exploration to find out which aspects of the intervention particularly helped to elicit this
change (what is the mechanism of change) and whether the change was long enough to influence students'real
career choices after graduating the gymnasium.

It was also suggested that when teaching STEM subjects, more emphasis should be given to integrated ap-
proaches (e.g. design-based learning approach) and also, students should be informed about the professions
related to the topic, allowing them opportunities for knowledge-based (versus random) choices when graduating
from school. Especially girls should be provided with positive female role-models mediated by videos, success
stories or enabled by direct encounters when more female workforce was expected in STEM fields. Moreover,
teachers should be made more aware about the gender differences regarding their different career expectations.
In order to make a change in the classroom, teachers needed support that could be provided by specially geared
in-service programmes with strong emphasis on integrated STEM approaches with explicit links to technology and
engineering aspects, teacher collaboration and in-depth involvement.

Acknowledgements
This research has been supported by FP7 project ESTABLISH.
References

Ajzen, 1. (1991). The theory of planned behavior. Organizational Behavior and Human Decision Processes, 50, 179-211.

Alexander, P. M., Holmner, M., Lotriet, H. H., Matthee, M. C., Pieterse, H. V., Naidoo, S., Twinomurinzi, H., & Jordaan, D. (2011).
Factors affecting career choice: comparison between students from computer and other disciplines. Jounal of Science
Education & Technology, 20, 300-315.

American Heritage Dictionary of the English Language. (2011). (5" ed.). Boston: Houghton Mifflin Harcourt Publishing Com-
pany.

Apedoe, X., Reynolds, B., Ellefson, M., & Schunn, C. D. (2008). Bringing engineering design to high school science classrooms:
The heating/cooling unit. Journal of Science Education and Technology, 17 (5), 454-465.

Apedoe, X., & Schunn, C. D. (2013). Strategies for success: Uncovering what makes students successful in design and learn-
ing. Instructional Science, 41, 773-791.

/18

R\ =g



Journal of Baltic Science Education, Vol. 14, No. 6, 2015

|SSN ]648_3898 FACTORS EXPLAINING GYMNASIUM STUDENTS’ TECHNOLOGY RELATED CAREER ORIENTATIONS
(P. 706-722)

Aschbacher, P.R,, Li, E., & Roth, E. J. (2010). Is science me? High school students’ identities, participation and aspirations in
science, engineering, and medicine. Journal of Research in Science Teaching, 47 (5), 564-582.

Bame, E., Dugger, W. Jr., de Vries, M., & McBee, J. (1993). Pupils’ attitudes toward technology - PATT-USA. Journal of Technol-
ogy Studies, 19 (1), 40-48.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, NJ: Prentice-Hall.

Bandura, A. (1999). Social cognitive theory of personality. In: L. Pervin & O. John (Eds.), Handbook of personality (2™ ed., pp.
154-196). New York: Guilford Press.

Betz, N. E. & Hackett, G. (2006). Career self-efficacy theory: Back to the future. Journal of Career Assessment, 14, 3-11.

Birman, B. F,, Desimone, L., Garet, M. S., & Porter, A. C. (2000). Designing professional development that works. Educational
Leadership, 57 (8), 28-33.

Boser, R. A., Palmer, J. D., & Daugherty, M. K. (1998). Students’attitudes toward technology in selected technology education
programs. Journal of Technology Education, 10 (1), 4-18.

Business Europe. (2011). Plugging the skills gap: The clock is ticking. Retrieved June, 2014 from http://www.businesseurope.
eu/Content/Default.asp?pageid=568&docid=28659.

Cerinsek, G., Hribar, T., Glodez, N., & Dolinsek, S. (2013). Which are my future career priorities and what influenced my choice
of studying science, technology,engineering or mathematics? Some insights on educational choice — Case of Slovenia.
International Journal of Science Education, 35 (7), 2999-3025.

Chen, X., & Weko, T. (2009). Students who study science, technology, engineering, and mathematics (STEM) in postsecondary
education (NCES 2009-61). Washington, DC: National Center for Education Statistics. Retrieved August, 2015 from http://
www.cslnet.org/wp-content/uploads/2013/07/Stats-in-Brief-Students-who-Study-STEM.pdf.

Cole, C. (2011). Connecting students to STEM careers: Social networking strategies. Eugene, OR: International Society for
Technology in Education.

DiGironimo, N. (2011). What is technology? Investigating student conceptions about the nature of technology. International
Journal of Science Education, 33 (10), 1337-1352.

Doppelt, Y. (2003). Implementation and assessment of project-based learning in a flexible environment. International Journal
of Technology and Design Education, 13 (3), 255-272.

Doppelt, Y., Mehalik, M. M., Schunn, C. D,, Silk, E., & Krysinski, D. (2008). Engagement and achievements: A case study of
design-based learning in a science. Journal of Technology Education, 19 (2), 22-39.

Eccles, J. S. (2007). Where are all the women? Gender differences in participation in physical science and engineering. In:
S. J. Ceci & W. M. Williams (Eds.), Why aren’'t more women in science? Top researchers debate the evidence (pp. 199-210).
Washington, DC: American Psychological Association.

Education Development Center, Inc. (2008). Recent initiatives to improve alignment and instruction in STEM education in the
states. Newton, MA: Center for Science Education, Author.

Elster, D. (2006). Student interests — the German and Austrian ROSE survey. Journal of Biological Education, 42, 5-11.

Feibleman, J. K. (1961). Pure science, applied science, technology, engineering: An attempt at definitions. Technology and
Culture, 2 (4), 305-317.

Fishbein, M., & Ajzen, I. (1975). Belief, attitude, intention, and behavior: An introduction to theory and research. Reading, MA:
Addison-Wesley.

Fortus, D., Dershimer, R. C., Krajcik, J., Marx, R. W., & Mamlok-Naaman, R. (2004). Design-based science and student learning.
Journal of Research in Science Teaching, 41, 1081-1110.

Fouad, N. A., Hackett, G., Smith, P. L., Kantamneni, N., Fitzpatrick, M., Haag, S., & Spencer, D. (2010). Barriers and supports
for continuing in mathematics and science: Gender and educational level differences. Journal of Vocational Behavior,
77,361-373.

Fulton, K., Doerr, H., & Britton, T. (2010). STEM Teachers in Professional Learning Communities: A Knowledge Synthesis. Wash-
ington, DC: NCTAF. Retrieved August, 2015 from http://www.wested.org/online_pubs/resource1097.pdf.

Gardner, P. L. (1999). The representation of science-technology relationships in Canadian physics textbooks. International
Journal of Science Education, 21 (3), 329-347.

Gomez Puente, S. M., Van Eijck, M., & Jochems, W. (2013). A sampled literature review of design-based learning approaches:
A search for key characteristics. International Journal of Technology and Design Education, 23, 717-732.

Gonzalez, H. B., & Kuenzi, J. J. (2012). Science, technology, engineering, and mathematics (STEM) education: A primer. (CRS
Report No. R42530). Washington, DC: Library of Congress Congressional Research Service. Retrieved August, 2015 from
http://www.fas.org/sgp/crs/misc/R42642.pdf.

Graham, J. M. (2008). The general linear model as structural equation modeling. Journal of Educational and Behavioral Sta-
tistics, 33 (4), 485-506.

Henno, I. (2010). Rahvusvaheliste vérdlusuuringute TIMSS 2003 ja PISA 2006 6ppetunnid [The lessons learned from TIMMS 2003
and PISA 2006]. Tallinn, SA Archimedes: Ecoprint.

High Level Group on Science Education. (2007). Science Now: A renewed pedagogy for the future of Europe. Brussels: European
Union.

719

~=



Journal of Baltic Science Education, Vol. 14, No. 6, 2015

FACTORS EXPLAINING GYMNASIUM STUDENTS’ TECHNOLOGY RELATED CAREER ORIENTATIONS |SSN 1648_3898
(P. 706-722)

Holbrook, J., & Rannikmde, M. (2010). Contextualisation, de-contextualisation, re-contextualisation — A science teaching
approach to enhance meaningful learning for scientific literacy. In: . Eilks & B. Ralle (Eds.), Contemporary science educa-
tion (pp. 69-82). Aachen: Shaker Verlag.

lhde, D. (1991). Instrumental realism. The interface between philosophy of science and philosophy of technology. Bloomington:
Indiana University Press.

International Technology Education Assotiation (ITEA). (2007). Standards for technological literacy: Content for the study of
technology. Reston, VA: Author. Retrieved August, 2015 from http://www.iteea.org/TAA/PDFs/xstnd.pdf.

Jacobs, J.E., & Eccles, J. S. (2000). Parents, task values, and real-life achievement-related choices. In: C. Sansone & J. M. Har-
ackiewicz (Eds.), Intrinsic and extrinsic motivation: The search for optimal motivation and performance (pp. 405-439).
San Diego, CA: Academic Press.

Jenkins, E. W., & Nelson, N. W. (2010). Important but not for me: Students’ attitudes towards secondary school science in
England. Research in Science and Technological Education, 23 (1), 41-57.

Jonassen, D. H. (2011). Learning to solve problems: A handbook for designing problem-solving learning environments. New
York: Routledge.

Kask, K. (2009). A study of science teacher development towards open inquiry teaching through an intervention programme.
PhD Thesis. Tartu: University Press.

Kier, M. W., Blanchard, M. R., Osborne, J. W., & Albert, J. L. (2013). The development of the STEM career interest survey (STEM-
CIS). Research in Science Education, 44 (3), 461-481.

Kolodner, J. L., Camp J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., Puntambekar, S., & Ryan, M. (2003). Problem-based learn-
ing meets case-based reasoning in the middle-school science classroom: Putting learning by design™ into practice.
Journal of the Learning Sciences, 12 (4), 495-547.

Krapp, A., & Prenzel, M. (2011). Research on interest in science: Theories, methods, and findings. International Journal of
Science Education, 33, 27-50.

Laius, A., & Rannikmade, M. (2011). Impact on student change in scientific creativity and socio-scientific reasoning skills from
teacher collaboration and gains from professional in-service. Journal of Baltic Science Education, 10 (2), 127 - 137.
Lavonen, J., Gedrovics, J., Byman, R., Meisalo, V., Juuti, K., & Uitto, A. (2008). Students’ motivational orientations and career
choice in science and technology: A comparative investigation in Finland and Latvia. Journal of Baltic Science Educa-

tion, 7 (2), 86-102.

Lent, R.W., Brown, S. D., Brenner, B., Batra Chopra, S., Davis, T., Talleyrand, R., & Suthakaran, V. (2001). The role of contextual
supports and barriers in the choice of math/science educational options: A test of social cognitive hypotheses. Journal
of Counseling Psychology, 48, 474-483.

Lent, R. W., Brown, S. D., & Hackett, G. (1994). Toward a unifying social cognitive theory of career and academic interest,
choice, and performance [Monograph]. Journal of Vocational Behavior, 45, 79-122.

Lent, R.W.,, Lopez, A. M., Lopez, F. G., & Sheu, H. B. (2008). Social cognitive career theory and the prediction of interests and
choice goals in the computing disciplines. Journal of Vocational Behavior, 73 (1), 52-62.

Lent, R.W., Brown, S. D., Sheu, H., Schmidst, J., Brenner, B. R., Gloster, C. S., Wilkins, G., Schmidt, L., Lyons, H., & Treistman, D.
(2005). Social cognitive predictors of academic interests and goals in engineering: Utility for women and students at
historically Black universities. Journal of Counseling Psychology, 52 (1), 84-92.

Marginson, S., Tytler, R., Freeman, B., & Roberts, K. (2013). STEM: Country comparisons: Final report. Melbourne: Australian
Council of Learned Academies. Retrieved August, 2015 from http://www.acola.org.au/PDF/SAF02Consultants/SAF02_
STEM_%20FINAL.pdf.

Mawson, B. (2010). Children’s developing understanding of technology. International Journal of Technology and Design
Education, 20 (1), 1-13.

Mehalik, M. M., Doppelt, Y., & Schunn, C. D. (2008). Middle-school science through design-based learning versus scripted
inquiry: Better overall science concept learning and equity gap reduction. Journal of Engineering Education, 97 (1),
71-85.

Michigan Department of Education. (2015). Career Awareness/Exploration. Retrieved January, 2015 from http://www.michigan.
gov/mde/0,4615,7-140-28753_64839_38924_52164-220902--,00.html.

Ministry of Education. (2007). The New Zealand curriculum. Wellington, New Zealand: Learning Media.

Mitcham, C. (1994). Thinking through technology: The path between engineering and philosophy. Chicago, IL: University of
Chicago Press.

Morris, C. G. (Ed.). (1992). Academic press dictionary of science and technology (1*ted.). San Diego, CA: Academic Press.

National Governors Association (NGA). (2007). Building a science, technology, engineering and math agenda. Retrieved August,
2015 from http://www.nga.org/files/live/sites/NGA/files/pdf/0702INNOVATIONSTEM.PDF.

National Research Council (NRC). (2011). Successful K- 12 STEM education: Identifying effective approaches in science, technol-
ogy, engineering, and mathematics. Washington, DC: National Academies Press.

National Science Foundation (NSF). (2011). Women, minorities, and persons with disabilities in science and engineering: 2011.
(Special Report NSF11-309). Arlington: Author.

720

R\ =g



Journal of Baltic Science Education, Vol. 14, No. 6, 2015

|SSN ]648_3898 FACTORS EXPLAINING GYMNASIUM STUDENTS’ TECHNOLOGY RELATED CAREER ORIENTATIONS
(P. 706-722)

National Science Learning Centre. (2008). The STEM framework. National Science Learning Centre, York. Retrieved February,
2014 from www.slcs.ac.uk/national/stemprogramme.

Next Generation Science Standards (NGSS). (2012). A framework for K-12 science education: Practices, crosscutting concepts,
and core ideas. Washington, DC: The National Academies Press. Retrieved January, 2014 from http://www.nap.edu/
catalog.php?record_id=13165.

Nugent, G., Barker, B., Welch, G., Grandgenett, N., Wu, C., & Nelson, C. (2015). A model of factors contributing to STEM learn-
ing and career orientation. International Journal of Science Education, 37 (7), 1067-1088.

Organisation for Economic Co-operation and Development (OECD). (2006). Evolution of student interest in science
and technology studies: Policy report. OECD Publishing. Retrieved September 2014, from http://www.oecd.org/
dataoecd/16/30/36645825.pdf.

Organisation for Economic Co-operation and Development (OECD). (2007). PISA 2006: Science competencies for tomorrow’s
world (Volume 1). OECD Publishing. Retrieved September, 2015 from http://www.oecd.org/edu/school/programmefo-
rinternationalstudentassessmentpisa/pisa2006results.htm#Vol_1_and_2.

Organisation for Economic Co-operation and Development (OECD). (2008). Encouraging student interest in science and
technology studies. OECD Publishing. Retrieved September, 2014 from http://www.oecd.org/sti/sci-tech/encourag-
ingstudentinterestinscienceandtechnologystudies.htm

Organisation for Economic Co-operation and Development (OECD). (2010). PISA 2009 results: What students know and can
do - Student performance in reading, mathematics and science (Volume I). OECD Publishing. Retrieved November, 2014
from http://dx.doi.org/10.1787/9789264091450-en

Organisation for Economic Co-operation and Development (OECD). (2013). PISA 2012 results: Ready to learn - Students’ en-
gagement, drive and self-beliefs (Volume lll). PISA, OECD Publishing. Retrieved September, 2015 from http://www.oecd.
org/pisa/keyfindings/pisa-2012-results-volume-iii.htm.

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature and its implications. Interna-
tional Journal of Science Education, 25 (9), 1049 — 1079.

Quigly, C., & Herro, D. (2015). Middle school science and math teachers’ perceptions of STEAM professional development. Paper
presented at the conference ESERA 2015, Helsinki, Finland, 31 August — 4 September. Retrieved September, 2015 from
http://www.esera2015.org/materials/proposal-view/?abstractid=233.

Sanders, M. E. (2009). STEM, STEM education, STEMmania. The Technology Teacher, 68 (4), 20-26.

Sanders, M. E. (2012). Integrative STEM education as “best practice”. In: H. Middleton (Ed.), Explorations of best practice in
technology, design, & engineering education (Vol. 2, pp. 103-117). Australia: Griffith Institute for Educational Research.
Retrieved August, 2015 from http://ostrc.org/stem/documents/IntegrativeSTEM.pdf.

Science and Engineering Education Advisory Group. (2012). Supporting Scotland’s STEM education and culture. Retrieved
August, 2015 from http://www.gov.scot/Resource/0038/00388616.pdf.

Seymour, E., & Hewitt, N. (1997). Talking about leaving, why undergraduates leave the sciences. Boulder: Westview Press.

Silk, E. M., Schunn, C. D., & Strand Cary, M. (2009). The impact of an engineering design curriculum on science reasoning in
an urban setting. Journal of Science Education and Technology, 18 (3), 209-223.

Simon, S., & Osborne, J. (2010). Students’ attitudes to science. In: J. Osborne & J. Dillon (Eds.), Good practice in science teach-
ing: What research has to say (2™ ed., pp. 238-258). UK: Open University Press.

Sjoberg, S. (2002). The SAS-study: Science and Scientists. Science for the children? Report from the SAS-project, a cross-cultural
study of factors of relevance for the teaching and learning of science and technology. Acta Didactica No.1, University of
Oslo. Retrieved November, 2014 from http://folk.uio.no/sveinsj/sas_report_new%?20.pdf.

Sjoberg, S., & Schreiner, C. (2010). The ROSE project: An overview and key findings. Retrieved August, 2015 from http://roseproj-
ect.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf.

Taskinen, P.H., Schiitte, K., & Prenzel, M. (2013). Adolescents’ motivation to select an academic science-related career: the role
of school factors, individual interest, and science self-concept. Educational Research and Evaluation: An International
Journal on Theory and Practice, 19 (8), 717-733.

Teppo, M., & Rannikmade, M. (2008). Paradigm shift for teachers: More relevant science teaching. In: J. Holbrook, M. Ran-
nikmae, P. Reiska, & P. lIsley (Eds.), The need for a paradigm shift in science education for post-Soviet societies (pp. 25 - 46).
Germany: Peter Lang Verlag.

Vaino, K. (2013). A case study approach to effect change of chemistry teacher beliefs for enhancing students’ scientific literacy.
PhD Thesis. Tartu: University of Tartu.

Vaino, T., Vaino, K., & Rannikmae, M. (2015). Enhancing students’interests in science and technology related careers through
a specially designed optional course. Procedia - Social and Behavioral Sciences, 177,331 - 335.

VanLeuvan, P. (2004). Young women's science/mathematics career goals from seventh grade to high school graduation. The
Journal of Educational Research, 97 (5), 248-268.

Vasquez, Sneider, & Comer, M. (2013). STEM lesson essentials. Integrating science, technology, engineering, and mathematics.
Portsmouth, NH: Heinemann Press.

721

~=



Journal of Baltic Science Education, Vol. 14, No. 6, 2015

FACTORS EXPLAINING GYMNASIUM STUDENTS’ TECHNOLOGY RELATED CAREER ORIENTATIONS |SSN 1648_3898
(P. 706-722)

Vattam, S.S., & Kolodner, J. L. (2008). On foundations of technological support for addressing challenges facing design-based
science learning. Pragmatics and Cognition, 16, 406-437.

Wei, R. C,, Darling-Hammond, L., Andree, A., Richardson, N., & Orphanos, S. (2009). Professional learning in the learning pro-
fession: A status report on teacher development in the United States and abroad. Dallas, TX: National Staff Development
Council.

Woolnough, B. E., Guo, Y., Salete Leite, M., de Almeida, M. J., Ryu, T., Wang, Z., & Young, D. (1997). Factors affecting student
choice of career in science and engineering: Parallel studies in Australia, Canada, China, England, Japan and Portugal.
Research in Science & Technological Education, 15 (1), 105-121.

Wyss, V. L. (2013). Developing videos to better inform middle school students about STEM Career Options. TechTrends, 57
(2), 54-62.

Received: May 16, 2015 Accepted: October 25,2015

Toomas Vaino MSc, Doctoral Student, University of Tartu, Vanemuise 46, Tartu,
Estonia.
E-mail: toomas.vaino@ut.ee
Website: https://www.ut.ee/biodida/e/indexin.htm

Katrin Vaino PhD, Researcher, University of Umea, Forvaltningshuset,
Universitetstorget 16, 901 87 Umea, Sweden.
E-mail: katrin.vaino@ut.ee

Miia Rannikmde PhD, Professor, University of Tartu, Vanemuise 46, Tartu, Estonia.
E-mail: miia.rannikmae@ut.ee
Website: https://www.ut.ee/biodida/e/indexin.htm

Jack Holbrook PhD, Professor, University of Tartu, Vanemuise 46, Tartu, Estonia.
E-mail: jack.holbrook@ut.ee
Website: https://www.ut.ee/biodida/e/indexin.htm

/22



