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Welcome

Dear PATT36 delegate,

It gives me great pleasure to welcome you to Athlone for the International PATT conference. On
behalf of the Technology Education Research Group (www.TERG.ie) and Athlone Institute of
Technology, we are delighted to host the 2018 conference. PATT36 promises to be an informative,
innovative, and social gathering that will contribute much to future collaborative and cutting-edge
research.

I would like to especially thank the Minister of State for Higher Education, Mary Mitchell O’Connor
for her support of educational innovation and enhancement and for opening the PATT36 conference.

Athlone Institute of Technology (AIT) is an award-winning institute that commits to regional impact
while maintaining a global focus. AIT is distinguished by it's commitment to enhancing the student
experience, which aligns with the views of the PATT philosophy. I would like to acknowledge and
thank AIT’s President, Prof. Ciaran O Cathain for his support of both the conference and our research
endeavour.

The 2018 conference theme, ‘Research and Practice in Technology Education: Perspectives on Human
Capacity and Development’ continues to maintain our focus on practice and ultimately enhancing the
quality and experience of all Design and Technology pupils. This year, further sub-themes were
developed to capture the imaginative, the make, and the impact of our subjects. Each day of the
conference will reintroduce the conference sub-themes by highlighting the systemic challenges
amplified when attempting to translate research into practice. These plenary sessions will provide
useful perspectives and help frame future research discourse and enquiry.

As with all conferences, PATT36 is all about the people — this year, we have delegates from 15
different countries across 5 continents, each making a positive contribution to the broad range of
research interests and agenda that will be visited over the four days. The peer review process protects
the quality of the conference and with this in mind, I would sincerely like to thank the team of
reviewers for their diligence, professionalism, and collegiality during the reviewing process.

Finally, I would like to acknowledge the PATT36 organising committee for their unwavering support
and expertise over the past year. It was an absolute pleasure to work with such a fantastic team and a
privilege to see first hand, their commitment to enhancing technology education. I thank them most
sincerely.

I wish you an inspiring and edifying conference,
Mile buiochas,

Dr. Niall Seery
Conference Chair PATT36
#PATT36

@TERG _IE
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Rethinking Pupils’ Attitudes Towards Technology (PATT) studies

Piet Ankiewicz
University of Johannesburg, Johannesburg, South Africa

Pupils’ Attitudes Towards Technology (PATT) studies and the PATT Foundation have played an
international leadership role in the field of technology education for just over three decades. It has been
instrumental in determining the research agenda and establishing an international research fraternity in
technology education (Jones et al. 2013; Mottier et al. 1991). However, the number of classical PATT
studies focusing on students’ views of technology at PATT conferences has declined (Volk and Yip
1999; Williams 2013; 2016). Recent PATT studies conducted during the past five years included the
PATT Short Questionnaire (PATT-SQ) (Ardies et al. 2013), as well as its translated Swedish version
labelled PATT-SQ-SE (Svenningsson et al. 2016), the PATT-ELEM instrument for elementary school
students (Holter 2016), and the PATT-STEM instrument for measuring upper secondary school students’
attitudes towards and concepts of engineering as part of Science, Technology, Engineering and
Mathematics (STEM) education (K8ycti and De Vries 2016). The purpose of the paper is to establish
innovative and imaginative ways to fundamentally rethink and revitalise PATT studies. The following
research question underpinned the study: Which components of students’ attitudes towards technology
should be innovatively and imaginatively researched further? A meta-analysis of the so-called
mainstream PATT-instruments (Ankiewicz 2018a) as well as new, non-related instruments (Ankiewicz
2018b) indicated that these mainly measure the cognitive and affective components of students’ attitudes
and not the behavioural component. Except for the Human Being and Technology (HBT) questionnaire
(Jarvinen and Rasinen 2015) the closest that other instruments came to ascertaining the behavioural
component (activities) was to measure readiness for action (e.g. the Attitudinal Technology Profile
(ATP) questionnaire) (Ankiewicz et al. 2001). The findings suggest that future PATT studies which
include a focus on innovative and imaginative ways to ascertain the behavioural component of attitudes
could make an important contribution to the existing body of knowledge.

Key words: PATT studies, Attitudes, Attitude measurement, Behavioural component

1. INTRODUCTION

1.1. The contribution of the Pupils’ Attitudes Towards Technology (PATT) Foundation and its studies to
instruments for ascertaining students’ attitudes

Before the 1980s, research related to students’ attitudes towards technology was unusual (Yu et al. 2012). In the
1980s, several countries introduced technology education as a successor to some form of craft or technical
education and it began to develop its own distinct research area. Studies into students’ attitudes towards and
concepts of technology mostly contained information on students’ ideas when entering technology education
(Kdycti and De Vries 2016).

The most noted study of students’ attitudes towards technology has probably been the work pioneered by Prof.
Jan Raat and Marc de Vries as part of “Project Physics and Technology” in the Department of Physics
Education at Eindhoven University of Technology in the Netherlands in 1984 (De Vries 1988; Volk and Yip
1999). The first part of the research was done among students of ages 13 to 14 in secondary general education
regarding their attitudes as well as how they conceptualised technology.

The PATT instrument used in the Netherlands, referred to as PATT-NL, was the first instrument specifically
designed for this purpose. Results in the Netherlands were so significant that an international extension of the
research was the logical next step (Ardies et al. 2013). In 1986, ten countries participated in pilot studies with
the aim to increase the reliability and validity of the PATT-NL instrument. In 1987, 12 countries from across

E-mail: Piet Ankiewicz
pieta@uj.ac.za



the world (e.g. Australia, India, Kenya, Mexico, Nigeria and also European countries like Belgium, France,
Italy, Poland and the UK) started using PATT-NL in survey studies with the aim to ascertain and describe the
attitudes of students towards technology (De Klerk Wolters 1989a, 1989b; Dugger 1988).

Initially PATT studies aimed to investigate secondary school students’ attitudes and the concepts they had of
technology (De Klerk Wolters 1988). PATT studies were a means of generating theoretical knowledge with
practical implications for the development and assessment of technology education and was not aimed
primarily at curriculum content (De Klerk Wolters 1989a), although it valued the link between research and
curriculum development (Raat 1988).

The subsequent development of related international surveys led to workshops and the annual PATT
conference, which has brought scholars involved in technology education together for over 25 years to provide
a discussion platform for PATT-related issues (Jones et al. 2013; Kdycii and De Vries 2016; Volk and Yip
1999). PATT studies as well as the PATT Foundation have played an international leadership role in the field
of technology education. It has been instrumental in determining the research agenda and establishing an
international research fraternity in technology education. It has also become an international discussion forum
for all aspects of technology education, like curriculum development, research, teacher education, assessment
and pedagogical issues in primary and secondary schools. It brings scholars together to offer opportunities for
an exchange of ideas and information to contribute towards the development of technology education (Jones et
al. 2013; Mottier et al. 1991).

1.2. Problem statement

PATT conferences, because of their frequency, are the most productive source of research papers in the field of
technology education (Williams 2016). The number and ranking of classical PATT studies focusing on
students’ views of technology at these conferences have however declined over time in favour of technological
literacy, which is still the most common category of papers presented (Volk and Yip 1999; Williams 2013,
2016). Hence, it may seem as if research questions concerning the PATT survey in its current form have been
exhausted and that there is a need to fundamentally rethink and revitalise PATT studies. In my view the decline
in the use of the PATT survey in contemporary research may be ascribed to the maturation of technology
education over the past three decades (De Vries 2018). Initially there was a substantial number of pilot and
survey studies using the mainstream PATT instruments in countries around the world to ascertain students’
ideas when entering technology education (Kdyctli and De Vries 2016). The general research findings regarding
students’ attitudes towards and concepts of technology, in particular in the PATT studies (Ankiewicz 2018a)
have provided researchers with a good understanding of students’ ideas when entering technology education.

Recent PATT studies conducted during the past five years included the PATT Short Questionnaire (PATT-SQ)
(Ardies et al. 2013), as well as its translated Swedish version labelled PATT-SQ-SE (Svenningsson et al. 2016);
the PATT-ELEM instrument for elementary school students (Holter 2016), and the PATT-STEM instrument
for measuring upper secondary school students’ attitudes towards and concepts of engineering as part of
Science, Technology, Engineering and Mathematics (STEM) education (Kdycli and De Vries 2016). These
recent studies do not seem fundamentally different from the initial mainstream PATT studies. These differed in
pragmatic and contextual aspects such as length, research methodology, age, terminology and were done in the
related field of engineering. The issue of length with PATT-NL and PATT-USA (Ardies et al. 2013; Volk and
Yip 1999) was addressed by the shorter PATT-SQ version (Ankiewicz, 2018a). The purpose of PATT-SQ-SE
was to increase knowledge about student interpretations and the meaning of their answers. A qualitative
dimension was added to the recently developed PATT-SQ to explain and interpret the quantitative data
(Svenningsson et al. 2016). PATT-ELEM is an adapted version of PATT-USA for elementary school students,
by updating the technological terminology (Ankiewicz 2018b). PATT-STEM resulted from the adaptation of
PATT-USA for measuring upper secondary school students’ attitudes towards and concepts of engineering as
part of STEM education (Ankiewicz 2018b). In order to better understand what has been measured by the
various instruments it is necessary to analyse the concept of “attitudes”.



1.3. The traditional approach to attitudes

Attitude is a broad concept with different definitions and interpretations. A controversy has long existed in
literature regarding the dimensionality of attitudes, with various models comprising one to three dimensions
(Ankiewicz et al. 2001; Ardies et al. 2013). The traditional approach is that attitudes have an integrated three-
dimensional nature, consisting of cognitive, affective and behavioural components (Breckler 1984; Fishbein
and Ajzen 1973; Ostrom 1969). This approach forms part of the consistent theories as one category of three
attitude theories, namely functional, formational and consistent theories. Attitude theories and their components
are not exclusive but complement one another (Metsdrinne and Kallio 2015). Formational (Bloom’s
taxonomies of educational objectives/learning domains i.e., knowledge, skills and attitudes) and consistent
theories of attitudes (i.e., cognitive, affective and behavioural components) as well as Mitcham’s philosophical
framework can be related to one another to some extent (Ankiewicz 2018c).

The cognitive component of attitudes includes a person’s ideas or opinions that express the relationship
between situational and attitudinal objects (Gagné 1977). Statements that reflect a person’s perception and
knowledge of the attitudinal object are part of the cognitive component (Corsini and Ozaki 1984). The affective
component refers to a person’s “feeling” or emotion concerning an attitudinal object (Heaven 1982). The
behavioural component includes a person’s predisposition or readiness for action, as well as his or her actions
concerning the “behavioural object” (Ankiewicz et al. 2001; Gagné 1977). For Bagozzi and Burnkrant (1979)
attitude is primarily the interplay of affect and cognition, with the behavioural tendency as a secondary
consequence (Ankiewicz et al. 2001; Van Rensburg et al. 1999).

According to the traditional approach, an attitude towards a concept such as technology thus is the person’s
collection of beliefs about it (cognitive component) and associated episodes linked with emotional reactions
(affective component). The stimulation of these reactions results in decisions to engage in behaviour
(behavioural component), such as choosing to take a technology course, to read about technological matters or
to adopt a technology-related hobby (Ankiewicz et al. 2001; White 1988). Researchers in technology education
often acknowledge, either implicitly or explicitly, the traditional approach to attitudes (De Klerk Wolters 1988;
1989a; Metsirinne and Kallio 2015; Rohaan et al. 2010; Tseng et al. 2013; Volk and Yip 1999). A possible
means to fundamentally rethink and revitalise PATT studies is to identify which of the components of the
traditional approach to attitudes have been measured by the various instruments and then to focus on those
components which may have received less or no attention.

1.4. Purpose, research question and research methodology

The purpose of the paper is to establish innovative and imaginative ways to fundamentally rethink and
revitalise PATT studies. The following research question underpinned the study: Which components of
students’ attitudes towards technology should be innovatively and imaginatively researched further? In order to
answer the research question, one should first identify which of the components of the traditional approach to
attitudes are being measured by the various instruments. The research methodology for this position paper
consisted of a meta-analysis of the literature regarding the components of attitudes in technology education
measured by various attitude instruments. The components of attitudes that are measured by the mainstream
PATT instruments, namely PATT-NL, PATT-USA and PATT-SQ will be identified in the next section.

2. THE MAINSTREAM PATT INSTRUMENTS

De Klerk Wolters (1988:41), who was involved in the design of PATT-NL, described attitudes as “a certain
negative or positive feeling towards technology based on certain knowledge of and ideas about technology that
may lead to a certain behaviour with reference to technology”. In this context, attitude was used as a collective
term for someone’s affinity, behaviour and conceptualization in relation to technology (Rohaan et al. 2010), in
accordance with the traditional approach and consistent theories of attitudes (Ankiewicz 2018b; De Klerk
Wolters 1989a).

PATT-NL consisted of two questionnaires, measuring the affective component and the cognitive component.
The attitude questionnaire with six subscales measuring affective components of attitude such as interest,



gender, consequences, difficulty, curriculum and careers in technology (Ankiewicz 2018b; De Klerk Wolters
1988; Rennie and Jarvis 1995; Rohaan et al. 2010; Van Rensburg et al. 1999).

One of the aims of technology education is the development of a positive concept of technology; therefore,
students’ concepts have always been an important element in PATT studies (De Vries 2005). The concept
questionnaire with four subscales measuring the cognitive or knowledge component of attitude towards
technology, based on the five general characteristics of technology. (Ankiewicz 2018b; Bame and Dugger
1989; Becker and Maunsaiyat 2002; De Klerk Wolters 1989a, 1989c; De Vries 1992; Jeffrey 1993; Rennie and
Jarvis 1995; Rohaan et al. 2010; Van Rensburg et al. 1999).

In its early form, PATT-NL included an essay (qualitative) section (Luckay and Collier-Reed 2014). This read:
Technology can mean different things to different people. When you read the word “technology” what comes
into your mind? to ascertain students’ cognitive views of technology (Ankiewicz 2018a, 2018b).

De Klerk Wolters (1989a) mentioned only with the PATT-NL version for younger students that the attitude
questionnaire also measured the behavioural component. Earlier he had stated pertinently that the original
PATT-NL did not measure the behavioural component (De Klerk Wolters 1988). I am of the opinion that this
might have been an oversight. The questionnaire can only measure students’ readiness for action, and not the
action itself.

The original PATT-NL was translated and modified by Bame et al. (1993) for use in the USA (Ankiewicz
2018a, 2018b; Volk and Yip 1999). PATT-USA was a one-page instrument consisting of four parts. The first
was a short, written description of technology; then 11 questions to gather demographic data and information
about the technological climate of students’ homes; 58 statements (items 12-69) to assess students’ attitudes
towards technology (affective component); and 31 statements (items 70-100) to assess students’ concept of
technology (cognitive component). The PATT-NL essay question was replaced with a brief statement of what
the students thought technology was (Ankiewicz 2018a; Bame and Dugger 1989; Boser et al. 1998; De Klerk
Wolters 1988, 1989a).

The attitude questionnaire (affective component) of the PATT-USA instrument as developed in the 1990s was
recently reconstructed and revalidated by Ardies et al. (2013) (Ankiewicz 2018a, 2018b). This resulted in the
shorter PATT-SQ instrument with six sub-factors (career aspirations, interest in technology, tediousness,
positive perception of effects of technology, perception of difficulty, and perception of technology as a subject
for boys or for boys and girls) and 24 items of attitude towards technology (Ardies et al. 2013).

PATT-NL and PATT-USA, in accordance with the traditional approach to attitudes, only ascertained students’
technological concepts (cognitive component) and attitudes (affective component) as crucial prerequisites for
technological activities (behavioural component) (Ankiewicz et al. 2001; De Klerk Wolters 1988; Van
Rensburg et al. 1999). PATT-SQ, as well as its translated, Swedish version, labelled PATT-SQ-SE (Ankiewicz
2018b; Svenningsson et al. 2016), only ascertained students’ attitudes (affective component). The three
mainstream instruments did not address the behavioural component of attitude. The aspects of the traditional
approach to attitudes that the new, non-related instruments to PATT studies, namely ATP and HBT measure,
will be identified in the next section.

3. THE ATTITUDINAL TECHNOLOGY PROFILE (ATP) QUESTIONNAIRE AND THE HUMAN
BEING AND TECHNOLOGY (HBT) QUESTIONNAIRE

In order to resolve some of the contextual and formulation problems experienced with PATT-USA in South
Africa, Van Rensburg et al. (1999) designed the Attitudinal Technology Profile (ATP) questionnaire to be used
in the lower secondary school (ages 13 to 14). In Part A of this instrument, students were familiarised with the
construct of technological product to avoid misconceptions. In Part B, 24 items were included on a five-point
Likert-type scale to assess students’ attitudinal technology profile (Ankiewicz 2018a, 2018b; Ankiewicz et al.
2001).



The items were designed and formulated as descriptive propositions linked to the affective components of the
content of technology and attitude. By using descriptive propositions, it was also possible to integrate the
affective component of attitude to some extent with the behavioural component (only students’ readiness for
action) (Ankiewicz 2018a; Ankiewicz et al. 2001; Van Rensburg et al. 1999).

The Human Being and Technology (HBT) questionnaire was devised to examine students’ learning related to
the HBT cross-curricular theme among grade 9 Finnish students. It was divided into three sections, namely
questions on students’ knowledge about technology (cognitive component), their attitudes towards technology
(affective component) and their activity know-how (behavioural component). Students’ knowledge was
measured by 15 questions. These included “right” or “wrong” statements, multiple-choice questions (some with
pictures) and open-ended questions. Issues related to attitudes towards technology were studied by means of 20
items which students assessed using a five-point Likert scale. Students’ activity know-how was measured by 15
questions. These included 14 statements with a “yes” or “no” answer dealing with both modern technology and
more traditional themes concerning manual skills, and a single open-ended assignment where students were
asked to devise as many new uses for a clothes-peg as possible (Jérvinen and Rasinen 2015). The HBT
questionnaire appears to be the first instrument to include a section that measures students’ actions or
technological activities (thus behavioural component) directly as part of the behavioural component of
attitudes, and not only students’ readiness for action as with the various PATT mainstream instruments. This
was an extension of the ATP questionnaire, which measured the readiness for action as part of the behavioural
component (Ankiewicz 2018b; Ankiewicz et al. 2001). The new, non-related instruments to PATT studies,
namely ATP and HBT thus also measured the behavioural component to some extent.

4. CONCLUSION

It was found that the mainstream PATT-NL instrument and its derivatives (i.e., PATT-USA and PATT-SQ)
were aligned with the traditional approach to attitudes with an integrated three-dimensional nature. It is
noteworthy that specific instruments were designed to measure only particular components of students’
attitudes (Refer to Table 1). The mainstream PATT instruments ascertained students’ technological concepts
(cognitive component) and attitudes (affective component) as crucial prerequisites for technological activities
(behavioural component) (Ankiewicz et al. 2001; Van Rensburg et al. 1999). However, these instruments did
not ascertain the behavioural component of students’ attitudes. Except for the HBT questionnaire the closest
that other instruments came to ascertaining the behavioural component was to measure readiness for action
(e.g. the ATP questionnaire).

Table 1. The particular components of students’ attitudes that specific instruments measure (indicated by an X)

The integrated three-dimensional nature of attitudes according to

. . the traditional approach
PATT mainstream instruments

Cognitive Affective )
Behavioural component
component component
PATT-NL
(attitude questionnaire; concept questionnaire; essay X X
section)
PATT-USA
(attitude part; concept part; brief statement of what the X X
students thought technology was)
3. PATT-SQ %

(based on the attitude part of PATT-USA)

The integrated three-dimensional nature of attitudes according to

New, non-related instruments to PATT studies e
the traditional approach

Cognitive Affective Behavioural component
component component
o , X
1. Attitudinal Technology Profile (ATP) , .
questionnaire X ,{;)rn;)(/:;é%j!ents readiness



2. Human Being and Technology (HBT) X X X
questionnaire (Activity know-how)

The overwhelming majority of instruments have been focusing on the cognitive and/or affective component of
attitudes, neglecting the behavioural component. In order to fundamentally rethink and revitalise PATT studies,
students’ attitudes towards technology should perhaps in future be ascertained more innovatively, imaginatively
and holistically by also focusing on the behavioural component as one of the three components of attitudes. The
researchers involved in the recent HBT questionnaire have done some ground-breaking work in this regard.

PATT studies have provided some important insights into the relationship between two of the three traditional
components of attitudes. A general finding from the PATT studies (Ankiewicz 2018a) was that students’
concepts of technology were strongly related to their attitudes toward technology. Concept appears to influence
affect and not the other way around (De Klerk Wolters 1989c; Rohaan et al. 2010). However, the relationship
between them and behaviour is still unknown.

As a result of the behavioural component being neglected, its relationship with the other two components
(knowledge and affective) remains unknown. Although the HBT questionnaire measured the behavioural
component of students’ attitudes, it did not seem to investigate the effect of this component on the other two
components. Ultimately technology teachers do not only have to develop students’ attitudes towards and
concepts of technology but also their behaviour or activities. From a student-centred perspective they should
also be able to “do” technology (Ankiewicz 2015). If the behavioural component of students’ attitudes were to
be ascertained in future, the results might lead to insights into the relationship between behaviour and
knowledge as well as affect. This might better support more holistic teaching and learning practices in
technology education in which the integrated three-dimensional nature of students’ attitudes towards
technology is emphasised.
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Woman’s under-representation in STEM: The part role-models have played
in the past and do we still need them today?

Stephanie Atkinson
University of Sunderland, Sunderland, UK

In 2005, Blickenstaff wrote that woman were under-represented in science, technology, engineering and
mathematics (STEM) in both education and careers in most industrialised countries around the world.
This under-representation is not something new, it was identified as problematic as early as the 1980s
(Kelly et al.,1981; Smail et al., 1982). While encouraging girls to study and pursue careers in the
technology sector continues to be problematic even today (Bauer, 2017). After introducing the topic, the
paper begins with a brief discussion of some of the factors that researchers have believed influenced this
under-representation. Several ways forward to improve the state of affairs from the literature are then
discussed, before turning to concentrate specifically on role-models and the part that they can play in
changing the situation. The next section focuses on the author’s personal experiences of being a role-
model in a male-dominated workplace in the mid-1960s when she started her career as the first qualified
female woodwork teacher in the UK having trained as a product designer and maker of furniture. This is
followed by a discussion of various research projects concerned with the positive effects of role model
exposure in terms of: motivating individuals through acting as behavioral models, representing the
possible, being inspirational; improving a sense of belonging; impacting on academic self-efficacy; and
negating stereotypes. The final section looks at very recent research and comes to some conclusions
about the question posed in the paper’s title: Do we still need role-models today?

Key Words: Role-models, under-representation, STEM

1. INTRODUCTION

The aim of this paper is first to analyse and discuss factors from relevant literature that have influenced
woman’s continued under-representation in science, technology, engineering and mathematics (STEM)
education and subsequent careers. This is followed by an analysis and discussion of role model literature
concerning the positive and negative effects that exposure to role models has had, and the forms that such role
models have taken in order to improve women’s representation in STEM. The author’s personal experiences of
role models and being a role-model herself have been woven into the discussion. The final section sums up the
findings and provides some conclusions concerning whether or not role models are still required today.

2. WOMEN’S UNDER-REPRESENTATION

In 2005, Blickenstaff wrote that women were under-represented in STEM, in education and careers in most
industrialised countries around the world. This concern had been highlighted in 2002 by Baroness Greenfield
(2009) in her Report on Women in Science, Engineering, and Technology.

The under-representation of women in science, engineering and technology threatens, above all, our global competitiveness. It
is an issue for society, for organisations, for employers and for the individual. (Greenfield, 2002, p.9.)

This state of affairs has been debated by many others (e.g. Darmody & Smyth, 2005; Shin, Levy & London,
2016; Smith, 2011; van Aalderen-Smeets & Walma van der Molen, 2018) and remains an area of political
priority and concern (Smith, 2011) in terms of education and the current and future job market (Noonan, &
Laffarge, 2017) even today. This is a complex issue (van Aalderen-Smeets & Walma van der Molen, 2018). It
is not something new (Atkinson, 1997). It was identified as problematic as early as the 1980s (Kelly Smail, &
Whyte, 1981; Smail, Whyte, & Kelly, 1982), with unequal participation in STEM subjects remaining virtually
unchanged for the past 35 years (Smith, 2011; Ceci, Williams & Barnett, 2009; Noonan & Laffarge, 2017).
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This has been despite initiatives such as the introduction of comprehensive education, equal opportunity
legislation and many interventions specifically targeted at encouraging female participation in various aspects
of STEM. For example: TVEI — Technical and Vocational Education Initiative in 1982; WISE - Woman into
Science and Engineering in 1984; GIST — Girls into Science and Technology in 1985 and jumping to more
recent times, Girls in Tech in 2007, Technovation in 2010 and Little Miss Geek in 2012. Added to these has
been the compulsory participation of all pupils in STEM subjects in primary and lower secondary level since
the introduction of the National Curriculum (Atkinson, 1997) and a willingness by many STEM teachers to
tackle the gender imbalance. However, shortages witnessed in girls’ take-up and their levels of success in
STEM subjects during secondary education have continued to the present day (Bauer, 2017) even though girls
have been shown to generally do better than boys in secondary education (Dury, Siy, & Cheryan, 2011). Also,
there has been evidence of an understanding by many teachers of the fact that different students cope
differently with the perceived challenges in STEM subjects (van Aalderen-Smeets & Walma van der Molen,
2018).

Reasons for increasing female participation in STEM such as ‘achieving a fair and just society’ and realising
‘public and private benefits’ (Smith, 2011 p.2) have been highlighted (e.g. Shin et al. 2016), with the need for a
change in culture being portrayed as one way forward (Darmody & Smyth, 2005). References to large and
small-scale interventions by parents, schools and teachers have been shown to influence and stimulate
incremental beliefs about the malleability of females’ capacities when choosing whether to study STEM
subjects (van Aalderen-Smeets & Walma van der Molen, 2018). However, Shin et al. (2016) supported
Rosenthal, Levy, London, Lobel & Bazile’s (2013) belief that the impact of such interventions appeared to be
short lived.

In terms of STEM career choices, Smith (2011) indicated that poor pay, a lack of career prospects and a failure
to respond to the changing demands of an increasingly globalised STEM market were all persistent features
responsible for female under-representation. Darmody & Smyth (2005, p.12) concurred stating that
‘occupational segregation’ found in advanced industrial societies remained a disappointing feature. This lack of
females in STEM careers has also been exacerbated by low levels of recruitment into appropriate courses
during tertiary education (Ceci et al., 2009; Dury et al., 2011; Shin et al., 2016; Smith 2011) and high levels of
female dropout during pertinent degree courses (Shin et al., 2016; Smith, 2011; Sorby, 2009) even though in
general at the age of 19 more women than men attend universities (Broecke and Hamed, 2008). Darmody &
Smyth (2005, p.11) wrote about ‘preferences and expectations’ in terms of female STEM career choices at the
end of secondary and tertiary education indicating the importance of family involvement, in particular a father’s
attitude and aspirations for his daughter which they highlighted as being influential, alongside the importance
of an educational establishment’s informal rather than formal sources of advice (Darmody & Smyth, 2005).
Van Aalderen-Smeets & Walma van der Molen (2018) and others (e.g. Shin et al., 2016) indicated that career
choices needed to be a careful matching process with the choice to study STEM being matched to the personal
interests and aspirations of a student, if it was to be successful.

In 2005, Blickenstaff’s analysis of literature concerning the lack of women in STEM identified nine reasons for
the phenomena, although he believed that some points in the list had not been adequately proven. The nine
reasons with additional support from more recent research, were as follows:

1. Biological differences. Early research indicated biological differences while more recent research
largely refuted the earlier findings suggesting to Blickenstaff that if differences still existed it would be
dangerous to emphasise them, as that could signal that no action was required, as research indicated
that biological differences could not be overcome. He and others (e.g. Darmody & Smythe, 2005; Dury
et al., 20011) also suggested that at times the only way a female could ‘infiltrate’ the STEM world was
to act like a ‘female male’;

2. @irls lack of academic preparation for a STEM career. This reason Blickenstaff believed was open to
criticism as research had indicated that the opportunities for academic preparation were provided, it
was just that they were rarely taken up. The other eight reasons in Blickenstaff’s list providing some
explanations for this lack of up-take;

3. A lack of positive STEM attitudes and early experiences of STEM. An absence of positive attitudes
was well supported by both early research (e.g. Weinburgh, 1995) and in more recent times (e.g. van
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Aalderen-Smeets & Walma van der Molen, 2018). Although there remains strong disagreement over a
dearth of positive early experiences of STEM being available (e.g. Roberts, 2016);

4. TIrrelevant STEM curricula. Van Aalderen-Smeets & Walma van der Molen, (2018) added that girls
found STEM lessons both difficult and boring;

5. Pedagogy in STEM teaching favouring males. This was reinforced by Dury et al. (2011) who
considered STEM teaching to be masculine and incompatible with female needs and ways of learning;
‘A chilly climate’ in STEM classes (Blickenstaff. p.372). This was also referred to as an unsociable
environment by Dury et al. (2011), Barbercheck (2001) and Gherasim, Butnaru & Mairean (2013);

6. An inherent masculine STEM epistemology. In terms of the nature of the knowledge required to be
learnt, which Dury et al. (2011) referred to as, male teachers being preoccupied with male-orientated
technologies;

7. Cultural pressure to conform to traditional gender roles. This was upheld by Shin et al. (2016) who
agreed that cultural pressure could discourage females from pursuing and persisting in both STEM
subject matter and careers;

8. An absence of female role models. This has been a recurring theme throughout the literature and one
that is addressed in Section 3 of this paper.

In terms of gender differences in the ways that people learn highlighted in Blickenstaff’s list above, various
researchers worldwide have discussed possible causes (e.g. Feingold, 1994; Pomerantz, Altermatt, & Saxon,
2001). Gurian & Stevens, (2004) indicated a disconnect between teaching practice and the needs of male and
female brains, while others have discussed the effect of various personality traits (e.g. Feingold, 1994; Ruble,
Greulich, Pomerantz & Gochberg, 1993) and that such differences remain robust across cultures (Costa,
Terracciano, & McCrae, 2001; Gurian & Stevens, 2004). Samuelsson & Samuelsson (2014) highlighted a
plethora of internal and external contextual factors, while Gurian and Stevens (2004) discussed structural and
functional brain differences that many believed profoundly affected human learning while they agreed with
others that recognising such differences could lead to the identification of solutions to the many challenges
experienced in the classroom.

Smith (2011) suggested that in terms of STEM learning the root of the problem lay in poor quality STEM
education which she and others (Fraser, 2014; Sorby, 2009) believed was partially caused by inadequate
training of STEM teachers. This she indicated led to negative attitudes towards STEM by primary school
teachers who lacked specific STEM skills, which then caused students problems when choices had to be made
during secondary education. At tertiary level Sorby (2009) reported specifically on a lack of cognitive skills
required for engineering. She signposted, for example, robust gender differences in 3-D rotation abilities that
favoured males, although her research overturned what she considered a false belief that one was either ‘born
with or not’ (p.478) such skills as her research indicated that these skills could be improved through practice
with a greater positive impact on female rather than male students.

Many authors referred to the importance of psychological factors when considering the reason for female
under-representation in STEM. Van Aalderen-Smeets & Walma van der Molen (2018) stressed that
malleability of intelligence was an important factor. They suggested that those holding entity theories of
intelligence were more susceptible to internalising gender stereotypical beliefs which then negatively impacted
upon school subject optional choices and therefore career choices, while those holding incremental beliefs were
affected less as they believed they could overcome gender disadvantages with hard work.

Other authors referred to further psychological factors that could negatively affect females’ attitudes towards
STEM. Factors such as: expectancy in terms of goals and motivation (Morgenroth, Ryan & Peters, 2015); the
impact of natural aptitude and ability that were self-perpetuating if left unchallenged (Darmody & Smyth,
2005); a lack of interest and negative attitudes (van Aalderen-Smeets & Walma van der Molen, 2018); self-
doubt (Fraser, 2014) and closely related, a lack of confidence (Cameron & Hayde, 2014) and self-efficacy (van
Aalderen-Smeets & Walma van der Molen, 2018); a lack of ‘belongingness’ and insecurity (Morgenroth et al.,
2015; Shin et al., 2016).

Also, signposted as significant has been the negative effect of stereotyping. Darmody & Smyth (2005) referred
to female self-stereotyping, while the issue of ‘stereotype threat’ that has been shown to affect many females in
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a STEM context (Bages, Verniers, Martinot, 2016; Ceci et al., 2009; Collins, 2009; Dury et al., 2011;
Morgenroth et al., 2015; Stroessner & Good, nd.; Wright, 2018). Shin et al. (2016) and van Aalderen-Smeets
& Walma van der Molen (2018) indicated that stereotypical beliefs were stronger in females than males and
were exacerbated by social class (Darmody & Smyth, 2005). Shin et al. (2016) referred to ‘cultural
stereotyping’ illustrating this with an example from their data, indicating that only gifted, European/US white
males were successful in STEM, while Darmody & Smyth (2005) referred to rural, conservative, schools where
stereotypical beliefs were more entrenched than in town and city schools. A longer discussion of these
important issues causing the under-representation of females in STEM is beyond the scope of this paper
although many of the factors already mentioned, impinge upon the effectiveness of role models and are
discussed in the next section of this paper.

3. ROLE MODELS

Role models mean different things to different people (Casserly, 2010). Morgenroth et al., (2015) suggested
that role models had three distinct functions as: a behavioural model; a representation of the possible; an
inspiration. There have also been those who believed that their function was as a mentor (Collins, 2009;
Cameron, 2014; Fraser, 2014). However, all writers have signalled their agreement concerning the usefulness
of role models in regards of motivating others, and pertinent to this paper, their efficacy in encouraging females
in under-represented situations to believe that their goals were achievable (Cameron & Hayde, 2014; Drury et
al., 2011; Fraser, 2014; Shin et al., 2016).

The importance in terms of what a role model represents has been shown to be key. Successful role models tend
to come from domains or groups to which the aspirant belongs (Lockwood & Kunda, 1997). These include
groups such as: family networks; those in the same educational or work environments; those in similar socio-
cultural situations (Ceci et al., 2009; Darmody & Smyth, 2005; Morgenroth et al., 2015). In my case the two
role models that inspired me were from my educational environments. They were a female art and craft teacher
during my schooldays and a male lecturer from when I was a student studying furniture design. These teacher
role models were both excellent craftsmen and [ was inspired by their ability and encouraged to develop not
only craft skills but also a thirst for new knowledge, an appreciation of working with materials and a need for
accuracy in all that I did, while still allowing me space to grow, make my own mistakes and be creative and
innovative. They helped me believe that I could meet all challenges head-on and that through hard work I could
achieve whatever goals I set myself. Their example encouraged me to try to achieve excellence in all that I did.
My family network was extremely supportive of my ambitions and proud of my successes. They even bought
me my own Meccano set. However, neither of my parents could act as a practical STEM role model, as their
careers were far removed from STEM, although interestingly enough my much younger brother went on to
become a civil engineer.

The literature concerned with highlighting attributes of successful role models has supported my understanding
of pertinent characteristics. Authors have variously described role models as needing to be: motivating
(Casserly, 2010; Cameron, 2014, Morgenroth et al., 2015); attainable, otherwise the aspirant may feel
demoralised or incompetent in comparison to a ‘superstar’ (Bages et al, 2015; Lockwood & Kunda, 1997; Shin
et al., 2016); relevant, indicating that if not relevant by not being in the same field, then the person being
inspired would just be ‘proud’ to be associated with the superstar without that positively affecting their
motivation to succeed in their own field (Bages et al., 2015; Lockwood & Kunda, 1997; Morgenroth et al.,
2015); inspirational, in terms of being inspired by, or inspired to (Cameron, 2014; Fraser, 2014; Lockwood &
Kunda, 1997; Morgenroth et al., 2015); desirable, suggesting that the aspirant had a shared sense of ‘group
membership’ (Morgenroth et al., 2015) and therefore a sense of ‘belonging’ (Rosenthal et al., 2013, p.470);
compatible, so that the aspirant was able to contradict the stereotype of gender incompatibility (Rosenthal et al.,
2013); similar in social standing, which researchers have linked to interests and values (Ceci et al., 2009;
Lockwood & Kunda, 1997; Morgenroth et al., 2015); confident in themselves and their ability to achieve their
ambition (Fraser, 2014). It has also been shown to be important that a role model’s success could be explained
by effort rather than innate ability or talent (Bages et al, 2015). In terms of being a role model myself, I hope
that throughout my career I have been seen to possess some of these positive characteristics, with my passion
for all things STEM related and my ambition to pass on that passion to others being a visible aspect of my
persona.
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Research has indicated that it is not just the type of role model that is important in the relationship. A role
model is only likely to inspire if the aspirant already has a well ignited spark of interest in the role model’s field
of expertise. The aspirant’s own characteristics are also important. If Aspirants believe that their intelligence
and ability are stable, controllable and malleable then they will believe that the success achieved by a role
model is attainable (Morgenroth et al., 2015). In contrast, if an aspirant believes that intelligence is fixed and
unchangeable then they will believe that the role model’s success is not achievable (Bages et al. 2015). They
must also believe in self-enhancement, having trust in their own capabilities (Lockwood & Kunda, 1997) and
that even if the goal is not achievable immediately, that there is a possibility of attaining success in the future
(Lockwood & Kunda, 1997). All these attributes need encouragement to help overcome a lack of confidence
and sense of pessimism witnessed amongst females within a STEM context.

Previous research has indicated that the gender of a role model is also important (Bages et al. 2015; Darmody &
Smyth, 2005; Dury et al., 2011). In the case of female aspirants, inspirational female role models and not male
role models have proved successful (Rosenthal et al., 2013). Unfortunately, research data indicates that there
have been, and still are a lack of suitable female role models (Dury et al. 2011; Fraser, 2014) and a shortage of
women taking to public platforms to share their journeys (Wright, 2018). This is self-perpetuating and cyclical.
If there are not many females studying STEM subjects in schools and taking up STEM careers then there will
not be many who can become role models encouraging the next generation of young people to take up STEM
careers and in turn become the next influential role models.

4. CONCLUSION

‘Conformity to social expectations, gender stereotypes, gender roles and a lack of role models continue to channel girls’ career
choices away from STEM fields’ (Noonan & Laffarge, 2017).

The above quotation admirably sums up the conclusions to this paper concerning woman’s under-
representation in STEM, the part role models have played in the past and whether or not we still need them
today. Having been in a privileged position, as a female teaching a STEM related subject for the past six
decades, I hope that I have acted as a positive role model throughout that time. I have certainly tried to
encourage all the females that I have come into contact with to have confidence in their ability to study and take
up careers in various aspects of STEM. I have relished helping them to develop their capability and achieve
success and above all to enjoy and become passionate about what they have learnt. STEM needs as many
female advocates as possible if we are to overcome the problem of female under-representation. If we do not,
there will continue to be serious consequences for STEM and it will remain an area of global concern. So, the
answer is ‘Yes’ we still need relevant, genuine, confident and yet humble, successful, passionate, encouraging
and generous role models today, and for the foreseeable future.
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Changing Competencies, Changing Attitudes?
How Teachers Become Technology Teachers

Birgit Fahram, Per Norstrom and Lena Gumaelius
KTH Royal Institute of Technology, Stockholm, Sweden

There are not sufficiently many trained technology teachers in compulsory schools in Sweden. One way
to meet the need is to train teachers that teach other subjects in technology. Professional development
courses are offered within a national programme, called Lararlyftet (‘Boost for teachers’). The aim is to
give the participants sufficient content knowledge and subject-specific pedagogical knowledge to enable
them to teach technology according to the current syllabus. In this study, 14 lower secondary school
teachers participating in a professional development course in technology in Léararlyftet are followed.
The course consists of three semesters of part time studies, corresponding to 30 weeks of full time
studies (45 ECTS credits). The participants, with different disciplinary backgrounds want to broaden
their competences in technology. The purpose of the study is to investigate how teachers’ perception of
the technology subject and their own knowledge of it. The study is longitudinal, with interviews at the
onset of the course, in the middle, and near the end. During the course, the respondents experience
increased self-confidence concerning teaching technology. They are also more competent in describing
their own strengths and shortcomings. Their main worries at the end concern insufficient knowledge
about planning and assessment, and also the lack of certain technical skills and shallow knowledge
concerning engineering science-based content such as electronics and automatic control. They also
express that their own view of the technology subject has been positively enhanced and that it has a
legitimate place as an independent subject in the curriculum.

Key Words: Technology teachers, Teacher training, Teacher competence, Professional development.

1. INTRODUCTION

To work as a teacher in Sweden, both a degree from a teacher education programme and a teachers’ certificate
are needed. The certificate is issued by the National Agency for Education (Skolverket) and concerns one or
more subjects for one or more age ranges. Certified teachers may teach other subjects than they are certified
for, but grading must then be done by a certified colleague.

There is a shortage of certified technology teachers, and technology is often taught by teachers (mainly in
science studies or sloyd) who lack a technology certificate. One way to remedy this is to offer professional
development courses within the academic outreach program Lirarlyftet (‘Boost for teachers’) instigated by the
Swedish government and led by the National Agency for Education. Through the courses offered within the
project, teachers can complement their qualifications. Courses in different subjects are offered through
universities around the country and should provide sufficient knowledge for a certification to teach the subject.

In this study, a group of teachers participating in a professional development course in technology is followed.
The course takes place at a Swedish university and consists of three semesters of part-time studies,
corresponding to 30 weeks of full time studies (45 ECTS credits). After finishing the course, the participants
can apply for a teaching certificate in technology for lower secondary school (pupils aged 13-16).

All participants need to have a teaching degree before applying to the course. They must also be employed as
teachers and teach technology without having adequate education in the field. Their school principals must also
grant permission for participation as they work as teachers during the course. The students come from all parts
of Sweden.

E-mail: Birgit Fahrman
birgitf@kth.se
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The course in question consists of seven modules chosen to be relevant to the Swedish curriculum. They
include subject studies as well as educational studies:

- Introduction to technology in compulsory school (history of the subject, planning, assessment and the

design process in education)

- Design and product development (subject studies)

- Industrial systems (subject studies and educational studies)

- History of technology (subject studies)

- Computers and programming (subject studies)

- Electrical engineering (subject studies)

- Models, simulations and experiments in technology education (mainly educational studies)

2. AIM AND RESEARCH QUESTIONS

The purpose of this study is to increase the knowledge about how teachers’ understanding of, and attitudes
toward, the technology subject in lower secondary school develops while learning about it through a
professional development course.
The research question is:
- What development of teachers’ perception of the technology subject is observed after a subject
education course?

3. METHOD

In this longitudinal study, data was collected, over time of the course, in several different ways. An online
survey was used to ask questions about content in the technology subject. The course evaluation, a survey
intended for course development, was studied. Interviews were conducted. The interviews were done in two
different ways: 1) an oral survey using the teachers’ mobile phones, and 2) one-to-one interviews. The one-to-
one interviews were conducted with volunteers and took place in connection with teaching activities at the
university. They lasted between 45 and 60 minutes.

This paper will present and discuss the results from the one-to-one interviews with three teachers. They were
interviewed at the onset of the course, in the middle and at the end. As there were no clearly discernible
differences between the results from the beginning and the middle of the course, the middle interviews have
been omitted (see the selected markings in table 1). The interviews were semi-structured (Kvale, 1997) and
approximately followed a questionnaire with follow-up questions for clarification. All interviews were recorded
and transcribed.

Table 1. Timeline for data collection

Time Start During term  Start During term  Start During term  End
Frame AS15 AS 15 SS 16 SS 16 AS 16 AS 16 AS16
Short-answet, Interviews ) Short- Interviews Short- ' Interviews )
interviews = ~~=ema—==’ answer answer RO NS o
interviews interviews
Survey Course
evaluation

(AS — autumn semester, SS — spring semester)
3.1. Respondents

Over the course period, 14 teachers participated in the course and participated in some interviews and/or
surveys. They have different disciplinary backgrounds. A majority are science teachers, but they also teach
mathematics, crafts or social sciences. Only a few teachers participated in all the data collection activities. This
paper will discuss the statements made by three teachers. Two of them have some teaching experience in
technology before the course, but the third did not.
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3.2. Data analysis

A modified version of the Pedagogical Content Knowledge (PCK) framework developed by Magnusson,
Krajcik and Borko (1999) has been used as a lens in the analysis. The original model includes five categories
and is intended for the study of science teaching. The modified model is adapted for technology education
purposes (Fahrman et al., 2017). It consists of the following categories:

a) Knowledge of the technology curriculum,

b) Knowledge of students’ understanding of technology,

¢) Knowledge of instructional strategies for teaching technology,

d) Knowledge of assessment in technology, and

e) Orientation towards technology teaching.

4. RESULTS

The teachers have prior to the course, moderate to none knowledge of teaching the subject. They convey a view
about technology teaching they met over time at their workplaces and describe a subject with strong focus on
design — and — make traditions where building and constructing models often are mentioned.

The teachers’ responses concerning their own knowledge about, and attitudes towards, teaching technology
early in the course (during first semester) and near the end (during third semester) (see table 1) are classified
using the PCK framework.

4.1. Orientation towards technology teaching

4.1.1. Early in the course

Technology is described as a subject that is difficult to grasp, with a syllabus that is difficult to understand. The
respondents, therefore, try to connect the technology content to their other subjects, and to teach about what
they feel confident about, avoiding content that they do not master. Furthermore, they describe how they and
their pupils find the subject to be fun and rewarding. The possibilities for interdisciplinary education are ample,
as are activities related to everyday life. The technology subject is described as combining theoretical parts and
hands-on activities. Particularly the design process (‘the technical development process’ in the syllabus’ words)
is regarded as important.

The respondents find that technology education at their schools often is neglected and that the subject does not
have the same space or status as other subjects. However, they believe that this is changing and that schools are
working to create better technology education.

4.1.2. Late in the course

The teachers describe an increased confidence concerning technology teaching. They claim that they have
developed their content knowledge and learnt a lot about the teaching practice. They talk about teaching by
problematizing the content, to discuss and actively investigate or construct. One of the teachers says that he
does not think his way of teaching has changed, but his understanding of the subject certainly has. He says:

The reason of teaching is the same, to know the students' level and to have a stable and structured
approach. To do lessons in a clear way with a structured learning, that is essential in all subjects. So I do
not think there are that many differences actually in education. I believe it's more about my own
understanding of the subject. It is probably more that which has changed, than the teaching itself.

Another teacher expresses how much more important technology education seems to him now and how
important it is to distinguish it from other subjects; it is a subject with its own platform.

They do, however, also express that subject knowledge varies considerably across the vast range of themes. In
some, such as technical systems, they consider themselves well-equipped for teaching. In others, such as
electronics, they see themselves as inadequately prepared. They also have different views about the need for in-
depth subject knowledge. One of them expresses that in-depth subject knowledge is important. Another says
that information can always be looked up and that knowing how the subject is taught and planned is more
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important for a teacher. The third points out the importance of a coherent teaching plan and teaching aids for all
levels of the school system (cf. Nordlof et al., 2017).

4.2. Knowledge of the technology curriculum

4.2.1. Early in the course

The respondents express an uncertainty about the subject’s content. They find it difficult to grasp and want
clarifications concerning the writings in the syllabus: What is the core of the subject? What does it include?
How should the grading criteria be interpreted? They perceive the design process (in the Swedish syllabus
referred to as ‘the technological development process’) as being an especially important part of the technology
subject.

They describe how there are some themes listed in the curriculum that they feel insecure about, such as
automatic control, pneumatics and technical systems. They also describe how other parts of the core content are
closely related to subjects that they already teach, which makes it is easier to understand and teach, examples
include mechanical transmissions and components. One of the respondents teaches Swedish, and she found that
she felt confident in teaching about words and concepts in technology. She says ‘... Learning is about language
development, learning new concepts; one must be able to express what one knows in different ways.’

They also describe that the subject has many cross-disciplinary topics that can be taught thematically and that
learning in technology involves obtaining a technological language.

4.2.2. Late in the course

The teachers describe that they have developed a greater understanding of the nature of the technology subject
and, thus, feel more confident to teach it. They emphasise that their understanding of large technological
systems (socio-technical systems), as well as their ability to educate about them, has increased. Teaching about
systems can help pupils develop several of the subject’s special skills in relation to large sections of the core
contents. Thereby, the system view can be used as a planning and teaching method; it is more than just a type
of content. They still experience uncertainty concerning specific themes, such as electronics.

Even though they experience a developed understanding of the technology subject, they express an uncertainty
in teaching specific topics. One teacher says ‘... I would love to have even more material that is directly useful,
like lesson plans and so on.’

4.3 Knowledge of students’ understanding of technology

4.3.1. Early in the course

The respondents describe a great variation in their pupils’ understanding of technology. They often have a good
grasp of engines, mopeds and the use of computers and mobile telephones but lack knowledge about, for
example sustainable development and technology’s impact on society.

4.3.2. Late in the course

The respondents’ stress that pupils will be more motivated if they experience technology teaching that is
relevant, realistic and concern phenomena that are present in their pupils’ everyday lives. They declare that
knowledge about large structures, systems and principles are more important than details.

4.4 Knowledge of assessment in technology

4.4.1. Early in the course

Assessments and grading are among the respondents’ greatest worries. As they are uncertain about the subject’s
nature, they are also uncertain about what to assess. Assessment of design and construction work is regarded as
especially difficult, even more so if it is carried out in groups. One of the teachers describes that she
experiences the grading process as extremely inequitable, as there are no national tests in technology and how
difficult it is to get high grades depends on your teacher.
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4.4.2. Late in the course

At the end of the course, the teachers still express concerns with the practice and knowledge of assessment in
the technology subject. They request more suggestions, guidelines, examples and exercises. It is especially
difficult within subject areas they feel insecure about. One teacher means that it is important to raise questions
like “What are the differences between developed reasoning and well-developed reasoning [expressions used in
the syllabus] in technology?’ and ask how this can be understood.

4.5 Knowledge of instructional strategies for teaching technology

4.5.1. Early in the course

The instructional strategies that the respondents describe are those that are commonly used at their respective
workplaces. They describe teaching as based on design and construction: on solving technical problems. But
they find it difficult to grasp parts of the subject content, and therefore, how to teach it. Planning lessons is
difficult when you do not fully understand what the examples in the syllabus mean. The respondents address
the importance of understanding the whole width of the technology subject: the impact of technology on society
and individuals, the democratic aspects of technology, sustainable development and gender aspects related to
technology. They express a need for ‘best practice’ examples of teaching, as well as subject knowledge. One
teacher says that she feels insecure in her role as a technology teacher even though she has several years of
teaching experience in other subjects; she finds the hands-on practical work to be difficult. She says:

The non-practical parts I can handle, I can learn through reading, I can convey knowledge and I can get
the kids to work ... As an experienced teacher I know a lot about methodology and didactics, so what I
have trouble with and what I want to learn is more practical handling.

Another teacher expresses that parts of his knowledge about science teaching are also useful when teaching
technology, but that he needs to develop his skills concerning designing and making. One respondent argues
that teachers who are insecure about teaching certain content matter, like automatic control, probably do not
focus on working with that content.

4.5.2. Late in the course

The teachers feel much more confident about teaching the subject, having developed more subject knowledge.
They describe how their teaching is more focussed. Before the course, their lessons did not always have a clear
purpose, which was especially apparent when their pupils were involved in constructing and making. One of
them says:

Not as much “doing” anymore. | would say that it has become much more theoretical in comparison to
what it was before. Like with solid mechanics theory for example. We no longer construct bridges
without talking about pressure, elasticity and tensile strength.

One of the respondents finds it challenging to use parts of the course’s contents, as it is too advanced for school
purposes and has to be transformed to fit 13 - year - old students.

One of the teachers describes that the subject requires good planning and suitable teaching materials. He further
states that the best technology lessons last for 1.5 hours and consist of a lecture section followed by hands-on
work. The respondents also claim that working in large projects is more prominent in technology than in most
other subjects.

Teaching technology need not be different from other subjects. One respondent states that the main problems
and opportunities are the same: one needs to know the pupils’ level and have a structured approach with
common features. The importance of using content that is closely related to the pupils’ everyday life is also
stressed. If they play Pokémon Go, use that to teach about GPS and computers.
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5. DISCUSSION

The research question concerns what development of teachers’ perception of the technology subject can be
observed after partaking in a professional development course. Reports and previous research studies
emphasises the importance of knowledgeable teachers for pupils’ learning (Association of Swedish Engineering
Industries, [ASEI], 2005; Bjurulf, 2008; Hartell et al., 2014; Mattson, 2002; Skolinspektionen, 2014).

The informants have partaken in a three semester course and are all trained and experienced teachers. They
have, however, little or no experience in teaching technology. They describe what they know and what they
don’t know and, thereby, how they understand the nature of the technology subject. Through the study we
conclude that the participating teachers’ views of the subject have been positively enhanced; they express that
the subject has its legitimate place in school as an independent subject. The teachers’ emphasis increased self-
confidence in teaching technology after taking the course.

At the same time, they have also become more aware of their shortcomings (concerning content knowledge as
well as teaching strategies). They express uncertainty about planning and how to implement teaching regarding
certain content. We can note that there is still uncertainty associated with the design-and-make process,
especially pupils actual making. The teachers describe their uncertainty about this at the beginning of the
education. Later, they express developed subject content knowledge. However, for some topics, we cannot link
this to their being more secure in dealing with the teaching practice. The course provides room for discussions
and planning, but not all of them have had the opportunity to practice in the classroom.

Furthermore, the teachers still feel that they lack necessary content knowledge in some areas, especially within
those closely related to engineering sciences, such as automatic control and electronics. Potential problems
related to how to teach and assess creativity and technical skills such as solving ill-defined problems, are not
discussed, even though those aspects are mentioned in the syllabus (Skolverket, 2016) and is in the
international technology education literature often put forward as important characteristics of the subject (e.g.
Kimbell & Stables, 2007; de Vries, 2005). Overall, the respondents had little to say about their Knowledge of
students understanding of technology (cf. Norstrom, 2014).

The respondents describe how their subject knowledge and knowledge about the curriculum has increased.
They also say that they have developed a greater focus on what content to teach and how it can be conveyed in
the classroom. These improvements belong to the category Knowledge of Curriculum; they concern a type of
knowledge that can easily be represented in books or described during lectures. However, even though the
respondents have a greater knowledge of technology they still express uncertainty in connection to assessment.
Whether this is a specific concern in the assessment of the subject of technology, or if their concerns are of a
more general nature is unknown. Expressions open to interpretations, like ‘differences between developed
reasoning and well-developed reasoning’, can be found also in other subjects’ syllabi and are often regarded as
vague.

The respondents perceive technology as a more important subject after taking part in the course and the nature
of technology teaching has become clearer. This development is part of their Orientation towards technology
teaching.

The vague syllabus gives many possibilities for interpretation, which provides opportunities for the experienced
teacher but may lead to feelings of insecurity and confusion for the beginner. This could be problematic and
reinforce the view of the subject as unclear and seldom taught according to the syllabus (Skolinspektionen,
2014). Skills and knowledge about actual teaching, planning and assessment are difficult to teach, as they are
difficult to describe in writing and tend to develop through practice. This is most likely an important reason for
why the participants do not feel that their Knowledge of Assessment and Knowledge of Instructional Strategies
have developed to an adequate level during the course. The respondents’ statements highlight the importance of
an education for prospective technology teachers that provide both good subject knowledge and a familiarity
with teaching the subject.

21



6. CONCLUDING REMARK

This study uses data from just one professional development course for teachers. To what extent the results are
specific to that course cannot be determined through the available data.

Through active participation in the course, the teachers have developed their perceived PCK within some of the
categories. This study shows that their knowledge development is positive and that the students generally are
satisfied in participating in the course. However, we can conclude that the course is not enough to become a
full-fledged technology teacher; the authors believe that more familiarity with actual teaching is necessary.
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As the complexity of the global economy increases into the 21st century, so too do the needs of industry
and education. Are technology education program curriculum and activities successfully addressing
those needs in secondary high schools, so students might achieve the necessary 21st century skills? Are
those needs consistent among the industrialized nations of the world? Are those institutions addressing
such needs in similar fashion, that is, by using similar lessons and laboratory activities? Using content
analysis, the researchers sought answers to the aforementioned questions for New Zealand, England,
Sweden, and the United States. Content analysis enabled the researchers to make inferences regarding
similarities and differences in what those countries identify as the most important 21st century skills for
all high school students in each respective country. In addition, content analysis permitted the
researchers to validate those inferences while drawing conclusions about the social impact of such
curriculum and activities within each respective country. Although the researchers found no significant
statistical differences in the skills the countries emphasized or addressed in their respective lessons,
analyses did reveal that secondary education classes appear to be preparing graduates with 21st century
skills, as are needed in global economic development.

Key Words: 21st Century, Technology, Skillsets, Evaluation, Outcome.

1. INTRODUCTION

As the economies around the globe continue to recover and expand from the Great Recession of 2007-09,
labor’s share of national income continues to decline in the larger economies (Karabarbounis & Neiman, 2017).
Not surprisingly, every sector of the economy has witnessed extraordinary advances in information technology
and telecommunications. With high-speed internet, the barriers for information exchange have eroded, leading
to increased research and development, yielding new scientific and technological breakthroughs. Advances in
science and technology lead to economic growth, leading to the expansion of economic activity, translating into
job creation, product growth, and increased sales and national income. “As new technology is developed,
corresponding changes must be made in retraining the current workforce as well as in educating the future
workforce. Education and training must be dynamic and adjust and adapt to changes in technology” (Bevins,
2012, p. 10). The importance of technological literacy and technology education must move to the forefront.
However, those who believe strongly in a liberal arts education often do not agree, unable to see how that
liberal arts and technology education go hand-in-hand, creating a more productive, better equipped, educated
citizenry. The magnitude of economic success in countries will depend upon how well students transition from
the classroom to the labor force. The rate of which depends upon how well educational institutions prepare
students with the 21st century skills the economy and society demand.

In reviewing technology education curriculum for the high school levels in the selected countries of England,
Sweden, New Zealand, and the United States, movement to better equip students in those skills appears to be in
a similar direction. Greater focus is being placed on the transformation of the student. That is, how can the
curriculum increase student’s competitiveness both now and in the future for a global economy? Not only have
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these countries improved their curriculum with new standards, they have also connected their curriculum to
other STEM and liberal arts subjects. Students are developing better decision-making and communication
skills through the use of real-world applications. They identify existing problems in society, collaborate and
develop possible solutions, and compare the costs and benefits of implementing each solution.

2. RESEARCH QUESTIONS

The intent of this study was to determine if differences exist in what countries identify as important 21* century
skills for high school students. To analyze this problem using Metiri (2003) skillsets for 21* century learning,
the following research hypotheses were tested.
H}: There are no significant differences in how the four selected countries address digital-age literacy
in their respective technology education lessons, that is, in the skills addressed from the digital-age
literacy skillset.
HZ2: There are no significant differences in how the four selected countries address inventive thinking
in their respective technology education lessons, that is, in the skills addressed from the inventive
thinking skillset.
H3: There are no significant differences in how the four selected countries address effective
communication in their respective technology education lessons, that is, in the skills addressed from the
effective communication skillset.
Hg: There are no significant differences in how the four selected countries address high productivity in
their respective technology education lessons, that is, in the skills addressed from the high productivity
skillset.
Hg: Secondary technology education classes are not preparing graduates with 21* century skills, as
needed for global economic development.

3. LITERATURE REVIEW

The students in today’s secondary educational settings are inundated with technology in all facets of their lives.
Yet much of the school curriculum still does not cover the essential 21st century skills these learners need for
future educational and economic success. The Metiri Group (2003), a policy analysis think tank, analyzed
seventeen studies including National Educational Technology Standards (NETS) for Students (2000), Standards
for Technological Literacy: Content for the Study of Technology (2000), 21st Century Literacy in a Convergent
Media World (2002), and Digital Transformation: A Framework for ICT Literacy (2002). Based on analyses of
these sources, the group posits a recommendation for what 21st century skills students need to possess for
success in the digital age. “The sheer magnitude of human knowledge, world globalization, and the
accelerating rate of change due to technology necessitate a shift in our children’s education — from plateaus of
knowing to continuous cycles of learning (Metiri, 2003, p. 5). The Metiri Group categorized learning into four
distinct areas with a strong underpinning of academic achievement to attain 21st century learning outcomes.
These areas are digital-age literacy, inventive thinking, effective communication, and high productivity with
subcategories in each area to further delineate particular literacies needed for success in the ever-evolving
technology-rich world in which they will live and work. Figure 1 lists these skills and their subsets.

In addition to the Metiri Group, the National Association of Colleges and Employers (NACE), has worked to
alleviate the skills gap between employers and college graduates since 1956. In 2016, employers identified the
skills shown below, ranking them according to importance. These skills were very much aligned with those of
the Metiri Group. The educational community continues to think these outcomes are important (Mizar, 2018;
Osborne, 2018; Ross, 2018), as evidenced by being the theme of the 2016 PATT Conference. At issue is to
whom belongs the responsibility for educating and/or training students in these skills. Such skills are not
necessarily acquired in specific courses. Instead, they must become part of a curriculum and thus, acquired
through lab and other hands-on classroom activities in a host of courses.
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- Ability to verbally communicate with persons inside and outside the organization
- Ability to work in a team structure

- Ability to make decisions and solve problems

- Ability to obtain and process information

- Ability to analyze quantitative data

- Technical knowledge related to the job

- Proficiency with computer software programs

- Ability to create and/or edit written reports

- Ability to sell or influence others (NACE, 2016, Figure 1)
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Figure 1. Metiri Group Skills for the 21st Century.

The four countries, England, New Zealand, Sweden, and the United States, were chosen for this study, because
of the desire by researchers to extend the investigations completed by Ritz and Bevins (2016). The earlier
study recommended that “the technology education community should revisit its goals for learners and possibly
re-design some of its goals. Changes might be made to better prepare students for the 21st century through the
study of technology education” (Ritz and Bevins, 2016, p. 9). With that in mind, the focus of this study shifted
to the technology education classroom. Are lesson plans addressing the 21st century needs of industry by
incorporating activities that promote the development of 21st century skills for student and economic
development?

3.1. England

England’s Department for Education reformed the standards for design and technology curriculum in 2015,
with implementation beginning in 2017. There was support for increased use of STEM concepts along with
concern for lack of specialism in the certificate (Department for Education, 2015a). The curriculum for design
and technology utilized specific aims with a focus on the iterative design process of exploring, creating, and
evaluating. A strong tie-in with knowledge from other disciplines — mathematics, science, art and design,
computer, and the humanities is expected. Crosswalks with science and mathematics are included to ensure
students demonstrate competency through hands-on or applied experiences. England’s curriculum design
centers on 21st century skills in their objectives specifically, “decision making skills,” “ambitious and open to
explore and take design risks,” and “communicate their design ideas and decisions... for different audiences”
(Department for Education, 2015b, p. 4).  The Department for Education lists the following aims and
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objectives for design and technology GCSE (General Certificate of Secondary Education) in design and
technology (Department for Education, 2015b).

- demonstrate their understanding that all design and technological activity takes place within contexts
that influence the outcomes of design practice

- develop realistic design proposals as a result of the exploration of design opportunities and users’ needs,
wants and values

- use imagination, experimentation and combine ideas when designing

- develop the skills to critique and refine their own ideas whilst designing and making

- communicate their design ideas and decisions using different media and techniques, as appropriate for
different audiences at key points in their designing

- develop decision making skills, including the planning and organization of time and resources when
managing their own project work

- develop a broad knowledge of materials, components and technologies and practical skills to develop
high quality, imaginative and functional prototypes

- be ambitious and open to explore and take design risks in order to stretch the development of design
proposals, avoiding clichéd or stereotypical responses

- consider the costs, commercial viability and marketing of products

- demonstrate safe working practices in design and technology

- use key design and technology terminology including those related to: designing, innovation and
communication; materials and technologies; making, manufacture and production; critiquing, values
and ethics (Department for Education, 2015b, p. 4)

3.2. New Zealand

The New Zealand Tertiary Education strategy for 2014-2019 focuses on strengthening industry training and
strengthening support for science and engineering provisions. It understands the need to focus on equipping
their citizenry with skills and qualifications needed to compete in the labor market and support an innovative
and successful New Zealand. The New Zealand Ministry of education research states that learning must be
personalized and education systems must transition from the industrial concept to a scenario where the learner
is the focus of the curriculum not the curriculum content (New Zealand Government, 2014a). The learning
must be a collaborative community with learners and teachers working to solve complex problems. The
learning must be culturally and linguistically diverse to ensure competence in a global society as well has
having a future focus to keep learners involved in lifelong learning (Bolstad, et al., 2012, p. 5). The New
Zealand Curriculum identifies five key competencies that correspond with 21st century skills:

- Thinking

- Relating to others

- Using language, symbols, and texts

- Managing self

- Participating and contributing (New Zealand Government, 2014b, para. 4).
These competencies promote the need for learners to demonstrate “capabilities they possess as well as those
they need to develop to live and learn today and in the future” (New Zealand Government, 2014b, para. 3).

3.3. Sweden

Schooling is mandatory for all children in Sweden between the ages of seven and sixteen. The subjects studied
during these nine years are described in the national curriculum and are mandatory. Each subject is described
by an introductory text explaining its purpose, a set of skills that pupils are to develop through training in the
subject in question, and a list of core content (Fahrman, Gumaelius, & Norstrom, 2015). Under the curriculum
for compulsory education, schools are responsible for ensuring that every student attending compulsory school
is able to use modern technology as a tool in searching for knowledge, communication, creativity and learning
(Sweden.se, 2018).

Technology was introduced as a mandatory subject for all pupils in the 1980 curriculum. At that time
technology was closely linked to the science subjects (biology, physics, and chemistry). In the curriculum, it
was not clearly defined in what ways technology differed from the established science subjects, and in many
schools it was lost among them. Many pupils were not even aware of having studied technology. When the
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national curriculum was revised in 1994, technology became a subject separate from science, with a more
explicit interdisciplinary nature (Fahrman, Gumaelius, & Norstrom, 2015).

In the curriculum of 2011, the characteristics of the technology subject became clearer, as evidenced through
the work of the Swedish National Agency for Education (Skolverket).

Teaching in technology should aim at helping the pupils to develop their technical expertise and
technical awareness so that they can orient themselves and act in a technologically intensive world. The
abilities pupils are expected to develop are: identify and analyse technological solutions based on their
appropriateness and function, identify problems and needs that can be solved by means of technology,
and work out proposals for solutions, use the concepts and expressions of technology, assess the
consequences of different technological choices for the individual, society, and the environment, analyse
the driving forces of technological development and how technology has changed over time (Skolverket,
2011, p. 254).

The first decade of the new millennium witnessed, greater emphasis on the use of digital tools, both in and
outside the classroom. In addition to its impact on instruction, digital technologies changed how students
obtained, processed/analysed, and communicated information to others (Alexandersson & Limberg (2009).
The Swedish government saw digital literacy as a means to achieve “positive social development.” As a result,
“five goals were set: digital skills, digital security, digital innovation, digital leadership and digital
infrastructure” (Swedish Ministry of Enterprise and Innovation, 2017).

3.4. United States

“With its entire history as a ‘learn through doing’ curriculum, technology education has always been laboratory
based” (Ernst & Haynie, 2010, p. 70). “Doing activities provide people with feelings such as gratification, a
sense of accomplishment, and a measure of what one knows and is able to do. Most importantly, doing is a
major process for learning and gaining knowledge” (Moye, Dugger, & Starkweather, 2018, p. 4). While
“doing” has positive results in learning, the preparation of those activities and the completion of those activities
in the classroom requires a great amount of time and resources. Were this not the case, 94% or 5,572 out of
5,898 elementary and secondary STEM teachers would have done more classroom activities (Moye, Dugger, &
Starkweather, 2018).

“In the U.S., education is primarily the responsibility of the states or local government. The U.S. Department of
Education has limited power and responsibility concerning education at the state or local level” (Dugger, 2016,
Slide 12). Organizations, such as the International Technology and Engineering Educators Association
(ITEEA), the International Society for Technology in Education (ISTE), and the National Assessment
Educational Progress (NAEP) provide technology standards, lesson plans, and other information that may be
used as guides by school administrators and teachers as well as politicians. Interestingly, technology has
brought down the walls separating economies throughout the world as well as those separating the disciplines
within academic buildings and across campuses. To prepare students for the workforce and/or higher
education, the education process must be integrative. Disciplines can no longer be taught mutually exclusively
or independently of one another. Students must be able to think critically; problem solve; and communicate the
thought process, findings, solutions, and costs and benefits of the solutions to others. In order to “grade” this
process, NAEP developed an assessment instrument for grades 4, 8, and 12. The first assessment was
administered to eighth grade students in 2014. The assessment focused on three areas: technology and society,
design and systems, and information and communication technology.

In line with the hands-on emphasis, the National Governors Association (NGA) is currently focused on “work-
based” learning. Governors across the U.S. understand they are responsible for economic development within
their respective states and therefore, realize growth in the economy will require building bridges between
education and business. Building and strengthening relationships between the two creates a win-win situation
for both involved, as shown in Table 1 (Hauge, K., 2018, p. 4).
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Table 1. Benefits of Work-based Learning.

Participant Benefits Business Benefits

e Apply content learned in the classroom; e Nurture student interest in careers in their industry
e Explore career options and make informed decisions e Build partnerships with schools;
about education and work;

e Build soft skills e Increase employee retention and productivity
e Gain work experience that can launch a career; and e Audition potential job applicants; and
e Interact with and learn from adult mentors. e Develop a highly skilled workforce.

From Hauge, K. (2018). States Continue Advancing Strategies to Scale Work-based Learning. Retrieved from
https://www.nga.org/files/live/sites/NGA/files/pdf/2018/EO/Products/0118_States%20Continue%20Advancing
%20Strategies%20t0%20Scale%20Work-Based%20Learning.pdf

Most recently, employers have gone beyond their search for individuals “who possess attributes like problem-
solving, teamwork, communication, and leadership skills” (Gray & Koncz, 2018, para. 2). They now want
individuals who have work experience through internships, co-ops, or previous employment (Gray & Koncz,
2018). This desire by employers demonstrates how important it is to include technology education in a liberal
arts curriculum.

4. METHODOLOGY

To determine if differences exist in what the four countries identify as the most important 21st century skills for
high school students, a content analysis was used to analyse two technology education lesson plans from each
of the four countries, England, New Zealand, Sweden, and the United States. As a follow-up to a study
conducted by Ritz and Bevins (2016), convenience or non-probability sampling was used in obtaining the
lessons. Email requests for the lessons were sent to leading educators in the four countries. After obtaining the
lessons, each author of this study reviewed each lesson independently, identifying which Metiri skills were the
focus of each lesson. Once all reviews had been completed, content analysis was conducted on the identified
skills, investigating whether differences in the skills and thus, skillsets emphasized existed among the four
countries. The four countries were chosen for this study, because they were the focus of Ritz and Bevins
(2016). In addition, the researchers were more familiar with the current technology education research
conducted within these countries.

To analyse content or text quantitatively, a finite set of steps or procedures was used to compare important
words the researchers selected for entering into KH Coder, a free software program chosen by the researchers.
The software used computational linguistics to analyse and synthesize skills identified by the researchers. In
this study, content analysis examined “word” or “skill” similarities in the technology education lessons from
England, New Zealand, Sweden, and the United States. Chi-square analyses were used in comparing each
country’s lessons to the Metiri skillsets for the 21st century.

5. RESULTS

The eight technology lessons, two from each of the four countries, England, New Zealand, Sweden, and the
United States, were associated with 57 of the 68 skills from the four 21% century Metiri skillsets, digital-age
literacy, inventive thinking, effective communication, and high productivity. Fifty-seven individual skills were
identified by the researchers as being emphasized by one or more of the technology education lessons. Each
skill appeared on average 4.25 times, with approximately 14% or 8 of the skills appearing only once, 23% or 13
appearing twice, and 19% or 11 appearing three times. The 57 unique skills were used a total of 242 times in
describing the 21* century skills emphasized in the lessons. Of the 242 times, approximately 33% of the skills
were associated with the high-productivity skillset; 28%, the inventive thinking skillset; 21%, digital-age
literacy; and 19%, effective communication.

When the skills and country associations were analysed using “random walks,” as shown in Figure 2, Sweden
had the largest number of edges, that is, unique skills associated with its technology education lessons.

Eighteen of the Metiri skills were represented in Sweden’s lessons, 16 in the U.S. and England, and 13 in New
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Zealand’s lessons. The darker the edge, the stronger the association between the country and the skill, such as
is the case with Sweden and the following skills from its lessons: technical, environment, engineering, and
maintenance. England and Sweden had the largest number of skill associations, nine: engineering, team, write,
design, model, materials, technology, materials, and products. New Zealand and England had the fewest, five:
technology, materials, model, design, and problem. The size of the bubble or circles indicated the extent to
which the skill was identified by the reviewers as being an emphasis in the technology education lessons. Not
surprising, technology and materials were identified most in the lessons.
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Figure 2. Skills and Country Associations Determined by Random Walks.

The frequencies of skills identified in the lessons from each country are shown in Figure 3 and Table 2. The
frequency of skills identified in each country’s technology education lessons is denoted by the color in the heat
map in Figure 3 and the numerical counts and percentages in Table 2. The darker the color in the heat map, the
greater the frequency of skills. For example, the more frequent Metiri skills identified in the lessons from
England, New Zealand, and the United States were from the inventive thinking skillset. England’s two lessons
included 28.8% of the skills categorized under that skillset, with New Zealand’s lessons including 34.4% and
the U.S., 29.5%. The more frequent Metiri skills identified in Sweden’s lessons were from the high
productivity skillset, accounting for 29.3% of the skills in that skillset. The lower frequencies of the Metiri
skills for all of the countries were from the effective communication skillset: England — 13.6%, New Zealand —
15.6%, Sweden, 17.2%, and the U.S. — 18.0%. Overall, England’s two lessons included 89.83% of the Metiri
skills; New Zealand, 93.76%; Sweden, 91.38%; and the U.S., 88.52%. While the range of the frequencies
across skillsets appeared to be quite large, 13.6 to 34.4, the range across countries for each skillset was not, as
proven statistically in Table 2.
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Figure 3. Technology Education Lessons Categorized According to 21° Century Skills and Country.

Chi-square tests were performed to determine whether significant differences existed across technology
education lessons in regards to their alignment with the Metiri skillsets. As shown in Table 2, there was no
significant difference in how the four countries address the Metiri skillsets. That is, there is no significant
difference in the skills addressed from each skillset in each country’s technology education lesson. The null
hypotheses were not rejected for alpha levels of 0.05. With respect to each Metiri skillset, chi-square results,
revealing no significant differences across lessons, were as follows: X*(3, N = 49) = 2.43, p = 0.49 for digital-
age literacy; X2(3, N=73)=0.79, p = 0.85 for inventive thinking; X2(3, N=39)=0.52, p=0.91 for effective
communication; and X*(3, N = 60) = 1.38, p = 0.71 for high productivity. While the chi-square tests revealed
no statistical differences in how the countries addressed each Metiri skillset in their respective lessons (Hj —
HY), the large percentages of Metiri skills identified in the lessons for each country suggest that secondary
education classes are preparing graduates with 21* century skills, as needed for global economic development,
rejecting the null hypothesis, H3, that classes are not preparing those graduates.

Digital-Age Inventive Effective
Literacy Thinking Communication High Productivity N
England 16 (27.12%) 17 (28.81%) 8 (13.56%) 13 (22.03%) 59
New Zealand 11 (17.19%) 22 (34.38%) 10 (15.63%) 17 (26.56%) 64
Sweden 10 (17.24%) 16 (27.59%) 10 (17.24%) 17 (29.31%) 58
United States 12 (19.67%) 18 (29.51%) 11 (18.03%) 13 (21.31%) 61
Total 49 (20.25%) 73 (30.17%) 39 (16.12%) 60 (24.79%) 242
Chi-Square 243 0.79 0.52 1.38
p-value 0.49 0.85 0.91 0.71
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Table 2. Technology Education Outcomes by Skillset Alignment with Metiri.
*Significant for o = 0.05

6. CONCLUSIONS

The results of the study revealed that the four countries, England, New Zealand, Sweden, and the United States
are very much aligned in their focus on the skills emphasized in their technology education lessons. When the
null hypotheses were statistically analyzed using chi-squares, the researchers found no significant differences in
how the four countries addressed each Metiri skillset in their respective lessons, that is, the skills addressed or
emphasized in those lessons. The skills and frequency of skills within each skillset were quite similar in the
lesson plans across countries, with the reviewers identifying more from the inventive thinking and high
productivity skillsets and fewer from the digital-age literacy and effective communication skillsets. This is no
surprise because we know with the advent of digital media, communication skills have decreased. Digital
technology has moved the youth from being consumers of content to being producers of content. With
Snapchat, Instagram, YouTube, and other animated/visualization software, the youth are leaving their digital
footprints. While the researchers found no significant statistical differences in the skills the countries
emphasized or addressed in their respective lessons, analyses did reveal that secondary education classes appear
to be preparing graduates with 21st century skills, as needed in global economic development.

7. RECOMMENDATIONS

Given the small number of lessons analyzed in this study, the researchers recommend that additional time and
resources be allocated to increase the number of lessons analyzed from each country. The researchers purpose
further investigation to determine if the four countries in this study have expanded their approach to technology
education into the elementary and middle levels of education, as research has shown early connections with
technology education is critical for future student success. In addition, considerations for future study should
include exploring how critical thinking, collaboration, and other 21st century skills are not only embedded in
technology education courses, but are also cross-curricular, as studies have shown this approach to be most
beneficial to students. Note: the sources for the eight lessons are shown below.

- England: The Institution of Engineering and Technology, https://www.tes.com/

- New Zealand: Technology Online, http://technology.tki.org.nz/

- Sweden: Curricula, Subject Plans, and Syllabi, https://www.skolverket.se/laroplaner-amnen-och-kurser

- United States: Grubbs, M., Cooperative Transport by Ants and Robots, mdoddo@bcps.org /

- Ritz, J., Technology & Assignment, jritz@odu.edu

8. REFERENCES

Alexandersson, M. & Limberg, L. (2009). Changing conditions for information use and earning in Swedish schools: A
synthesis of researchl. In J. Hedman & A. Lundh (Eds.), Information literacies: On learning in information
practices and information seeking in learning practices (85-77). Stockholm, Carlssons forlag.

Bevins, S. (2012). STEM: Moving the liberal arts education into the 21% century. Technology and Engineering Teacher,
71(4), 10-13.

Bolstad, R., Gilbert, J., McDowall, S., Bull, A., Boyd, S., & Hipkins, R. (2012). New Zealand Council for Educational
Research. Report prepared for the Ministry of Education. Supporting future-oriented learning & teaching — a
New Zealand perspective. Retrieved from http://www.educationcounts.govt.nz/ __data/
assets/pdf file/0003/109317/ 994 Future-oriented-07062012.pdf

Department for Education (2015a, November). Reformed design and technology GCSE subject content: Government

consultation response. Retrieved from https://www.gov.uk/government/uploads/
system/uploads/attachment data/file/478293/reformed design and technology GCSE consultation government
_response.pdf

Department for Education (2015b, November). Design and technology: GCSE subject content. Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/473188/GCSE_design

technology subject content nov_2015.pdf

Dugger, W. E. (2016) Technology Education in the United States [PowerPoint slides]. Retrieved from
https://www.iteea.org/File.aspx?id=99041&v=8cc2c3f0

31



Ernst, J. V., & Haynie, W. J. (2010). Curriculum research in technology education. In P. A. Reed & J. E. LaPorte (Eds.),
Research in technology education (54-77). Reston: Council on Technology Teacher Education.

Alexandersson, M. & Limberg, L. (2009). Changing conditions for information use and earning in Swedish schools: A
synthesis of researchl. In J. Hedman & A. Lundh (Eds.), Information literacies: On learning in information
practices and information seeking in learning practices (85-77). Stockholm, Carlssons forlag.

Fahrman, B., Gumaelius, L. B., & Norstrom, P. G. (2015). Technology education in primary school in Sweden: a study of
teachers views on teaching strategies and subject content Paper presented at the 122nd ASEE Annual Conference
& Exposition, Seattle USA.

Gray, K., & Koncz, A. (2018, March 29). Employers prefer their new college hires to have work experience. Retrieved
from http://www.naceweb.org/about-us/press/2018/employers-prefer-their-new-college-hires-to-have-work-
experience/

Hauge, K. (2018). States Continue Advancing Strategies to Scale Work-based Learning. Retrieved from
https://www.nga.org/files/live/sites/NGA/files/pdf/2018/EO/Products/0118 States%20Continue%20Advancing%
20Strategies%20t0%20Scale%20Work-Based%20Learning.pdf

Karabarbounis, L., & Neiman, B. (2017). Trends in factor shares: Facts and implications. Retrieved from
http://www.nber.org/reporter/201 7number4/karabarbounis.html

METIRI Group in partnership with The North Central Regional Laboratory. (2003). Retrieved from
https://pict.sdsu.edu/engauge2 I st.pdf

Metiri Group. (2003). EnGauge 21st century skills: Literacy in the digital age. Naperville, Ill: North Central Regional
Educational Laboratory, Metiri Group.

Mizar S. (2018, February 26). 3 strategies to deal with the global skills gap. Financial Management. Retrieved from
https://www.fm-magazine.com/news/2018/feb/how-to-deal-with-global-skills-gap-201818172.html

Moye, J. J., Dugger, W. E., & Jr., Starkweather, K. N. (2018). Learn better by doing. Reston, VA: ITEEA.

National Association of Colleges and Employers (NACE). (2016, February 24). Employers: Verbal communication most
important candidate skill. Retrieved from http://www.naceweb.org/career-readiness/competencies/employers-
verbal-communication-most-important-candidate-skill/

Osborne, J. (2018, May 14). Lessons for 21% century learners. Edutopia. Retrieved from https://www.edutopia.org/
article/lessons-2 1st-century-learners

Ritz, J., & Bevins, S. (2012). Exploration of 21* Century Skills that Might be Delivered through Technology Education.
Technology Education for 21° Century Skills (pp. 400-410). Utrecht: Aichi University of Education

Ross, D. (2018, March 4). Why the four Cs will become the foundation of Al interface. Retrieved from
http://www.gettingsmart.com/2018/03/why-the-4cs-will-become-the-foundation-of-human-ai-
interface/?utm_campaign=coschedule&utm_source=twitter&utm medium=Getting Smart&utm_content=Why%
20The%20Four%20Cs%20Will%20Become%20the%20Foundation%200f%20Human-A1%?20Interface

Swedish Ministry of Enterprise and Innovation (2017). For sustainable digital transformation in Sweden — a Digital
Strategy. Retrieved from https://www.government.se/49¢c292/contentassets/
117aec2b9bf44d758564506c2d99¢825/2017 _ digitaliseringsstrategin_faktablad eng webb-2.pdf

Swedish National Agency for Education (Skolverket) (2011). Curriculum for the compulsory school, preschool and the
recreation  centre. Retrieved from https://www.skolverket.se/om-skolverket/publikationer/visa-enskild-
publikation? xurl =http%3A%2F%2Fwww5.skolverket.se%2Fwtpub%2Fws%2Fskolbok%2Fwpubext%2Ftryck
sak%2FBlob%2Fpdf2687.pdf%3Fk%3D2687

Sweden.en (2018, January 10). Education in Sweden. Retrieved from https://sweden.se/society/education-in-sweden/

New Zealand Government. Ministry of Education and Ministry of Business, Innovation and Employment (2014a, March).
Tertiary education strategy: 2014-2019.  Retrieved from https://education.govt.nz/assets/Documents/Further-
education/Tertiary-Education-Strategy.pdf

New Zealand Government. Ministry of Education. (2014b, April 4). The New Zealand curriculum online: About the key
competencies. Retrieved from http://nzcurriculum.tki.org.nz/Key-competencies

32



Technology Teachers’ Different ways of Thinking about Sustainable
Development in Technology Education
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In this study, we investigate technology teachers' perceptions of sustainable development as part of
technology education. Today’s society requires education that evolves knowledge about technology
beyond single innovations or artefacts towards technological systems that embraces social,
environmental and sustainable issues. Education for sustainable development is one of the international
educational goals and are included in the Swedish National curriculum (Skolverket, 2011). In all subjects
in the Swedish curriculum, it is important to create learning conditions for sustainable development
based on democratic grounds. Thus, research is needed to develop understanding of how to prepare
young citizens for integration technology with sustainability. What pedagogical content knowledge is
needed for teachers to teach technology and sustainable development? This study builds on previous
research showing that teachers connect technology and sustainability to products and life-cycle analysis,
from raw material to a product, which could be understood as a systemic approach. A systemic approach
means to see parts and at the same time relate those parts to something whole. To better understand the
systemic approach in relation to teaching technology and sustainable development, we interviewed
technology teachers. We used content analysis of the transcribed interviews to code and identify themes
and patterns. Our analysis revealed that recycling thinking, consequence thinking and system thinking
describes teachers’ perceptions and their teaching about technology and sustainability. We discuss this in
relation to teachers’ development of pedagogical content knowledge as well as their understanding of
teaching technology and sustainable development.

Key Words: Technology education, Sustainable development, Recycling thinking, Consequence thinking, System thinking.

1. INTRODUCTION

There is limited research into technology teachers’ pedagogical content knowledge, PCK (Williams, 2016). The
notion of PCK was first introduced to the field of education by Lee Shulman (Shulman, 1987) and was
described as the intersection of three knowledge bases coming together to inform teacher practice: subject
matter knowledge, pedagogical knowledge, and knowledge of context. Subject matter content knowledge is
described as knowledge that is unique to teachers and involves the teacher knowing how to fluidly take
advantage of different teaching approaches that make a learning experience most suitable for the learners. In
relation to our interests in teachers integration of sustainable development when teaching technology an
important aspect of PCK is teachers own interpretations, capabilities and beliefs about sustainable development
and the way it could be addressed through technology education (Pavlova, 2018). Earlier studies (see e.g.
Elshof, 2005; Pitt and Lubben, 2009; Pavlova 2006) of teachers’ perceptions of sustainable development in
technology education shows that, what teachers consider important to teach, is to a high degree reflected in
their classrooms. The readiness among technology teachers to teach sustainable development in technology
classrooms also depend on and reflect the specific contexts that occur in each country (see studies about
Canada, UK and Russian in Elshof, 2005; Pitt and Lubben, 2009; Pavlova 2006). Therefore, the Swedish
context where this study is conducted might contribute with new research insights about teachers’ teaching of
sustainable development in technology.

Another important aspect to take into consideration is that there seem to be a technology-optimism among
technology teachers concerning sustainability issues in relation to technology (Elshof, 2009, Knutsson, 2018).
Sustainable issues” ...are typically reduced to technical matters of eco-innovation: superficial ‘tinkering
practices’ and tacit hopes that environmental problems can somehow be subject to ‘techno-fix’”” (Elshof, 2009,
p. 135). Knutsson (2018) and Pavlova, (2018) emphasize the need to include a more critical approach toward
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technology and sustainable development in technology education. Therefore, it is of interest to find out more
about Swedish technology teachers perception and their amount of critical approach towards sustainable
development and technology.

1.1. Aim

The aim with this study is to investigate technology teacher’s perceptions of sustainable development as part of
technology education

Research questions:
- How does technology teachers’ describe their teaching about sustainable development in technolgy
education?
- What are teachers’ main reasons for integrating sustainable development in technology education?

2. BACKGROUND
2.1 Technology education and education of sustainable development

There is link between technology and sustainable development in policy documents in Sweden as well as in
research and international reports (see e.g. Skolverket 2011; UNESCO, 2009) One reason for combining
technology education and education for sustainable development (ESD), are the impact that all technology has
on society, nature and sustainability as a tool for building capacity for living and learning. Technology is
interwoven in our lives. Kamp (2006) emphasize that it is important to understand technology and sustainable
development from a global perspective, to have an overall picture. In this way, students can become aware of
the possibilities and consequences of technology in an international context. Technology developed and used in
their own country affect people, communities and environments in many places on earth. Such awareness can
help students to think about what we can expect from the future. In connection to the long-term goals in the
Swedish curriculum the descriptions of the content Technology, it is noticeable that technology and sustainable
development are linked. An example from the content description: "Effects of technology choices based on
ecological, economic, ethical and social aspects, for example, in the development and use of biofuels and
military equipment” (a content marked under the heading Technology, man, society, environment, for grades 7-
9, Skolverket, 2011).

Research concerning technology education and ESD exists, but is not among the mainstream topics of research
agendas (Pavlova, 2013). Studies of technology education and ESD are mainly discussed and focused on
ecological design of products and the environmental impact or sustainability of products (Elshof, 2003; Stables
2009). The social and cultural aspect of ESD is insufficient in technology education research. If economic
aspects of ESD occur in relation to technology education, it is described mainly as something negative and in
relation to developed countries (Elshof, 2003). Filho, Manolas and Pace (2009) investigated initiatives in
schools and universities that exemplified existing practices where technology education and ESD have been
integrated. They emphasize two inter-related characteristics of the subject technology, “(a) that it is not just a
know-how subject, but a know-why subject [...] and (b) that it provides students with the opportunity to resolve
problems and hence extend human capabilities.” (p. 161). This implies that technology education must become
more student-centered and include a more interdisciplinary approach to integrate various issues, including
sustainability. However, there is a lack of research on teaching and learning in and about technology connected
to sustainable development, in particular regards the social, cultural and economic nature of sustainability. In
order to provide additional insights in this direction; we want to investigate technology teacher’s perceptions of
sustainable development as part of technology education.

2.2 A systemic approach in technology and sustainable development education

System theory could be used as a framework for understanding the natural and constructed world by seeing it as
a whole with the parts and relationships to the environment (von Bertalanffy 1968; Oqvist 2008). There are
several system approaches that can be used to understand problems in the world; looking for the trouble spot in
the system, making models of the system, identify human values in the system or to live in and experience the
system (Churchman, 1967). Using a systemic approach to understand technology or sustainable development
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implies a focus on the processes used to determine the outcomes of content or a procedure based on the
experiences of well-defined and repeatable steps and an evaluation of the results. In education, a systemic
approach is of particular value in the problem-solving situations where it is important to have a capability to
enlarge the systems' borders and expose hidden dimensions of the system (Ben-zvi-Assarf and Orion, 2005).
One important issue is that many problems in today’s society are poorly structured such as environmental
problems and poverty. To understand those problems, a systemic approach, with openness to different ways of
thinking, is of particular importance and could be an inherent part of technology education. Therefore, it is of
crucial interest to investigate if technology teachers use a systemic approach when teaching sustainable
development and technology.

3. METHODOLOGICAL FRAMEWORK

Data in this study is based on semi-structured interviews with eight Swedish technology teachers' in
compulsory school, grade 7-9. The eight teachers have participated in a pilot questionnaire survey that has been
conducted earlier and volunteered to participate in a follow up in-depth interview. The interviews revolved
around three main questions: What is sustainable development for you? What do you think about the
relationship between technology and sustainable development? What are your experiences of teaching
technology and sustainable development? A qualitative content analysis is used to analyse the participants’
answers. Content analysis is a research method for subjective interpretation of the content of text data through a
systematic classification process including coding and identifying themes or/and patterns. During this process,
the focus is on the characteristics of language as communication, and on the contextual and content-related
meaning produced by the participants (Granheim & Lundman, 2004; Hsieh & Shannon, 2005). The results of
such content analysis are conceptualizations or categories that describe the phenomena. The researchers
transcribed the interview verbatim and independently read them as whole several times to get to know them,
they then met up and compared their analyses. Tentative themes were produced. The didactical questions What,
How and Why were used as analyses tools to better understand teachers descriptions of teaching sustainable
development in technology. The researchers revisited and reanalysed the data several times and finally came up
with three stable themes and categories within these themes. Each theme is described and exemplified by
quotes from the teachers. In the result, we only use quotes from seven of eight teachers. The teachers names are
anonymous and we use the following fictional names; Ann, Bo, Daria, Cecilia, Eva, Fiona, Gina.

4. RESULT

The result show that the teacher’s perceptions of sustainable development as part of technology education
revolved around three themes: 1) Recycling thinking, 2) Consequence thinking, and 3) System thinking.

Table 1. Overview of themes and categories

Recycling thinking Consequence thinking System thinking

A) From raw material to recycling D) Technology impact G) Life cycle analysis

B) Recycling from a social perspective E) Technology potentials H) Material analysis

C) Recycling from a global perspective F) Ethical dilemmas I) Technological systems
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4.1. Recycling thinking

The teachers emphasize the importance of students understanding of how a product is manufactured, used and
recycled. They regard this as a mean of integrating technologies (objects) and sustainable development by
highlighting product development from raw material to finished product, which can then be reused.

Within this theme, there are three categories: A) From raw material to recycling, B) Recycling from a social
perspective, C) Recycling from a global perspective

A) From raw material to recycling

The focus is on a product's life cycle. The teachers who raise this want the students to understand that raw
materials are extracted and then manufactured to products and after that recycled. In the excerpt, Ann describes
the life cycle of products from raw materials to recycling.

Ann - ... the relation between technology and sustainability has to be like a cradle-to-cradle
thought. Therefore, that it is not just the finished product but... it is coming back and will work
again as a new product. You can re-use it, it will get into the cycle again.

B) Recycling from a social perspective

In this category, we interpret it as teachers focus on product development from a broader perspective where
humans and social factors are discernible. Humans are, to a greater extent, integrated in the recycling process of
product. It is not only the use of products that affect humans but also the extraction and production. Bo
describes how recycling of a product can affect peoples in other countries and we interpret it, as he thinks that it
is important not to simplify this fact.

Bo - Oh, technology is stuff but it is more than just stuff. It is about where the stuff comes from
and how it effects countries and people.[...] an important question is what we do with the trash
afterwards. It's so important for us to own things that can simplify for us and then we have to get
rid of them... hmm we just put the trash in a black box and send it away for example to Africa.
Then people get sick there. I think it is really important that we in technology education point out
all this.

C) Recycling from a global perspective

In this category, teachers focus on earth's resources and emphasize the importance of consumption of raw
material and how this affects the entire earth. Sustainable development and technology is in this category
viewed as a global matter. Both Ann and Cecilia emphasize the importance of the limited resources on earth.

Ann - Sustainability for me is to work in a way that makes the planet we live on last longer and
will be able to feed all... not only some countries, using all the resources. It should be a
sustainability for the planet, for all people.

Cecilia -.... farming and utilize our soil and earth in such a way that everyone is well, generation
after generation that all people have access to for example water.

4.2. Consequence thinking

This theme is about teachers’ awareness about how and in what ways technology has an environmental impact,
both positive and negative. An important part of this is to reflect on consumption of technology and its effects
as well as its ethical dilemmas. In this theme, technology is valued in relation to sustainability the character of
technology can be judged as good or bad from different perspectives.

There are three categories that describe this theme: D) Technology impact, E) Technology potentials and F)
Ethical dilemmas

D) Technology impact

In this category teachers focus on the use of technology and its consequences for the environment, both through
the manufacture of products and their use. The teacher’s want to emphasize the way we use technology today,
through an accelerated consumption of products. In the excerpt, we interpret it as Daria focus on the financial
effects of consumption and Eva on the other hand focus more on ecological and social effects of sustainability.
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Daria - Well, the whole financial system is based on the fact that we will consume, produce and
buy products. So how to solve that problem, I do not know, but that the way it is. I think this is
about sustainable development.

Eva - In one case, I am talking about how you as an individual can influence the environment....
the idea is to talk about how you can act, what you are buying and what you are consuming ... with
sustainability in mind. [....] We have to encourage them [pupils] to turn off the light at home,
choose another way of transportation, and maybe buy an electric car with more thought of
sustainability than previous generations.

E) Technology potentials

The teachers describe the consequences of technology emphasizing the potentials of using technology to solve
environmental problems. In these category teachers shows an optimistic view of technology. They see
technology as a possibility to change negative effects on the environment. Fiona points out the negative
consequences of technology, but at the same time, she talks about technology as a solution to the environmental
problem.

Fiona — Yes, I might have said it before, but I see it as, roughly simplified, that technology has
created environmental problems, but technology can also help us to solve the problem. Therefore,
the way human use technology really is the problem.

F) Ethical dilemmas

In this category, ethical aspects are put forward through highlighting personal positions regarding technology
and sustainability. We interpret it as the teachers want to discuss the importance of the impact of technology
from the perspective that technology can be perceived as right or wrong, good or bad. Fiona describes an
awareness about here self as a role model when teaching technology and sustainability another ethical aspect is
described in the excerpt from Bo where he describes the importance of problematizing different standpoints.

Fiona - And of course, my way of teaching technology and sustainability depends on my way of
being, it is impossible to hide, but I am very careful, it is hard to know what is right and wrong.

Bo -...That we have a good life does not mean that others have it worse but we have to make this
clear to the pupils. For example, it is not absolutely necessary to have three cars .... to have this in
mind is important when you make decisions.

4.3. System thinking

In this theme, teachers describe how they use a system thinking in their teaching to enable pupils to understand
technology as part of a larger whole. The teachers use system thinking in two different ways, as a method to
describe technology and sustainability and as a way of understanding technology and sustainability in society.

The theme is described as three categories: G) Lifecycle analysis H) Material analysis and I) Technological
systems.

G) Lifecycle analysis

Under the theme life cycle analysis, teachers describe how they use a product's life cycle in their teaching in
technology to show how much a product affects the environment. They say it is necessary to understand all
inputs and outputs during the product life cycle from its birth, including design, raw material extraction,
material production, sub-production and assembly, through use and final recovery to create an understanding of
sustainable development. Both Gina and Eva use this method in their teaching to connect sustainability and
technology.

Gina - What I chose to link with sustainable development is when we do a life cycle analysis
project. In that project, we follow a product from the cradle to the grave where pupils can see all
the steps that are included when creating a product. This means that they find out which raw
materials are transported a long way and how the product are recycled.

37



Eva - You have to do a life cycle analysis, it is on all companies today, so for me it is obvious to
explain why I teach life cycle analysis...because you have to have a sustainable thinking when you
go through the technology process.

H) Material analysis

In this category the teachers focus on material analysis to study, on a simplified level and without precise
calculations how material, what happens during different processes with the flow of materials in the system.
They also connect it with science, e.g. chemistry, when describing a specific material in the production process,
as Ann indicate in her quote. We interpret Bo’s description, as he wants to create an understanding for the fact
that all products consist of material, which has an impact on the environment.

Bo - But it is a lot of focus on materials, even if you look at technological systems, for example to
make a wind turbine you still need material to build them, so how do you handle that material. The
pupils have thoughts about if you can recycle all materials so that you then can recycle and do one
new wind turbine or new products.

Ann - We try to link chemistry and technology, examine different materials and look and see how
to use this in technology

1) Technological systems

The teachers in this category describes how they use large technological systems, energy systems and transport
systems, when they integrate sustainability and technology. As we can see in the excerpt from Ann there is a
focus on the flow of energy through the technological system. Gina on the other hand focus on components and
their function in relation to the whole.

Ann - We focus on technical systems. We have chosen to work with electricity and energy
systems. There is a lot of energy that disappears along the way and what to do about that, to get a
sustainable thinking? How to do when using energy, different kinds of energy. So, I think it is
advisable to connect sustainability and technological systems.

Gina - In grade 6, we look at a technological system in relation to electricity in the city. What
happens if you remove components, so that they understand how everything is connected. In grade
9 we investigate, technological systems but then focus on electronics.

5. DISCUSSION

In line with earlier research (Elshof, 2003; Stables, 2009) about technology teachers’ teaching of sustainable
development the result in this study confirm that teachers often connect sustainable development and
technology to the ecological design of products, as we can see in the category A), G) and H). However, we also
see a clear connection to social and cultural aspects of sustainability in the theme Consequence thinking and
System thinking.

In the theme Consequence thinking, the teacher Fiona, in line with Pavlovas (2006) and Elshofs (2005)
research, describes that her own perceptions on sustainability affects her teaching and that she considers it
important for teachers to be aware of this. In this theme, the teachers also describe the importance of pupils’
reflection concerning effects of technology in today society.

The teachers in this study confirm the optimistic view of technology that Knutsson (2018) and Elshof (2009)
highlighted in their studies, see Fionas excerpt in category E). A critical approach to technology and sustainable
development is not visible in these research interviews, which indicates that there is a need of more knowledge
among technology teachers about this.
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What technology content and values emerge in the teaching of climate
change?

Susanne Engstrom
KTH/ITM Royal Institute of Technology, Stockholm, Sweden

Today, many people live with climate anxiety, and both politicians and companies emphasize how
important sustainable strategies and activities are for developing a society with less impact on climate
change. Within education, it is central to implement themes dealing with such issues as well. As a
technology teacher, one will be expected to have knowledge and ideas about teaching the climate issue,
and to be prepared to manage climate anxiety among students. With the aim of supporting teachers, a
group of climate researchers, professional teachers, and pedagogues from a science centre, have
cooperated in developing a Climate Kit, including an instruction sequence, and teaching materials. This
climate kit will be used in primary and secondary schools during 2018. When the kit will be (1)
developed, (2) tested and (3) implemented to teachers within a course and (4) used in classrooms, a
research study will be accomplished as well. Empirical data in this present study emerge from
observations of (1) workshops with the actors when the kit is created and (2) tested in classroom as well.
The observations will thereafter be analysed using a discursive perspective partly with aim to identify
what knowledge content in relation to climate change that is highlighted in the technology teaching, and
partly with a discourse analytical perspective focusing on the values and steering strategies within the
teaching practice. The research question: What content, values, and strategies concerning technology and
climate change emerge as important? The aim of the study is to investigate teaching content and teaching
approaches within technology education, focusing on climate change, with an overall aim to analyse and
describe technology education for social and environmental change. This paper presents the results
emerging from analyses of empirical data, see above, from workshops and test of the climate kit. Both
the collecting of empirical data and the analyses was completed during March 2018.

Key Words: technology education, climate change, discourse analysis.

1. INTRODUCTION

At the Paris climate conference (COP21) in December 2015, 195 countries agreed to a global action plan to
limit the global warming. The success of COP21 rests on knowledge and awareness about our changing
climate. Knowledge and awareness establish in school. The syllabus for the technology subject in Sweden
contains goals for developing knowledge about the impacts of technology on the environment, society and
human beings. Technology education should also make young people aware of the consequences of their own
choices and equip them with skills, knowledge and dispositions to understand and make evidence-based
decisions about both personal and global issues. In Sweden, and other countries, underlying science on these
issues has been taught regularly in school (for example energy sources and greenhouse effect). However,
linking to the global and controversial nature of climate change and the relationship with technology is rarely
seen. Today, many young people live in fear of climate change. This generates a sense of hopelessness about
our future, which undermines motivation to work towards a better future by taken positive action to limit
climate change. Teachers must have the opportunity to extend their knowledge about the climate (Bryce & Day,
2014) and about argumentation in science and technology classroom (Martin-Gamez & Erduran, 2018). As a
support to teachers, some actors (climate researchers, in-service teachers, and pedagogues from a science
centre) have the intention to develop a climate-kit that will help teachers make knowledge about climate more
accessible to their pupils. The aim with that project is to create fact-based optimism among teachers and pupils.
Scientists work together with pedagogues to design a professional development course and teaching kits. In-
service teachers will ensure that the climate-kit is useful for the target group. In total 120 practicing teachers
will participate in the course. The course would result in skills related to the climate kit and knowledge about
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climate change. After completion of the course, all participants will receive the kit for implantation in their own
practice.

This present study will investigate technology teaching within the project, described above. In this paper, phase
one of the study is presented; investigation of the development and tests of the climate kit. The course and
implementation in classes will be investigated in phase two of the study, during autumn 2018. The aim with the
study in total is to investigate the teaching content and teaching approaches related to technology education
with the focus on climate change, emerging in the project. With an overall aim to analyse and describe
technology education for environmental and social change. This is an example of future educational challenges
from a technology perspective. Chang & Pascua (2017) argue; “given the complexities and uncertainties of a
climate changing world, children who are unable to engage climate change issues will likely miss the benefits
of CCE (climate change education). Hence, it is the /.../ educators’ job to continue working on research that
will impact the way the topic is taught and learned, with a view to helping children succeed in a climate
changing world” (p.179).

2. LITERATURE REVIEW

The herein presented case study focus on teaching content, and what attitudes and values that follow the content
imbedded in the teaching when the climate-kit is used. Science and technology education researchers have
argued that socioscientific issues ought to be used as contexts for learning (for example Sadler and Dawson,
2012). In particular, climate education must allow children to engage in climate change discourse, critically and
accurately. Climate change is characterized by complexity and uncertainty, and schools need to teach the issue
of the latest climate change, especially global warming, to equip students to mitigate and adapt to the expected
global conditions. Such education is believed to be the most important strategy for building climate knowledge
(Kagawa & Selby, 2012). When deciding on, and arguing about climate change issues, individuals may need
more than scientific evidence. They may need to identify and analyse social, economic, ethical or political
aspects and claiming that recognition of the complexity of the problem and investigating the issue from
multiple perspectives are important aspects of decision-making (Sadler et al., 2007). Some studies have
investigated explicitly climate change education (Bravo-Torija and Jiménez-Aleixandre 2012; Klosterman and
Sadler, 2010). There occur a teacher-led classroom education where technology cases or dilemmas are included
within a science topic (Klosterman and Sadler 2010). The teaching may include explicit argumentation and
conceptual understanding. The approach to inclusion of social scientific issues, for example climate change, in
classroom is varied but research supports the imperative role of the teacher in the success of the intended
outcomes (Marin & Halpern, 2011).

Within technology and science education, earlier research founds specific subject content that promotes action
competence for the future among the adolescents. Action competence is considered as being related to
confidence in one’s own influence, knowledge of action possibilities, and a willingness to act (Breiting &
Mogensen, 1999). However, research shows how education on climate change usually will face low-impact
actions, hoping to cause individuals to change behaviour later in life (Thegersen and Crompton, 2009). Wynes
and Nicholas (2017) have identified four recommended high-impact actions to highlight, which they believe to
be especially effective in reducing an individual’s greenhouse gas emissions: having one fewer child, living
car-free, avoiding travel with aeroplane, and eating a plant-based diet. When Wynes and Nicholas (2017)
analyses educational texts, they show that education books embraces more of naive examples and do not focus
on high-impact actions and controversial issues. Wynes and Nicholas want to emphasise that education creating
a limiting gap between educational content and individuals willing to align their behaviour with climate targets.
Their results show the important role of more high-impact aspects in education and they argue, “high-impact
actions (through providing accurate guidance and information, especially to ‘catalytic’ individuals such as
adolescents) could be an important dimension of scaling bottom-up action” (p. 7).

Theoretical frame

The present study arise the research question; what content, values, and strategies concerning technology and
climate change emerge as important?
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The analyses are based both on identifying what knowledge content in relation to technology that is occurred in
the climate kit, and somewhat a discourse analytical perspective (Gee, 2014) focusing on the values and
governance strategies within the climate kit (Ohman, 2010). The theoretical frame of the study is inspired by
the notion of ”big D” (Gee, 1990); ”Discourses are ways of being in the world, or forms of life which integrate
words, acts, values, beliefs, attitudes, social identities, as well as gestures, glances, body positions and clothes”
(s. 142). Inspiration from Ohman (2010) as well, and her arguments about school subject’s practices and the
relation to power. Ohman (2010):”A school subject’s practices, traditions and customs are often deeply rooted
in the teaching practice, and often regard content as natural and obvious. With the aid of [a Foucauldian power
perspective], it becomes possible to study how the knowledge, norms and values included in an activity render
certain ways of acting more reasonable and others less reasonable and thereby benefit certain ways of acting
and being”(p. 406).

3. METHODOLOGY

Results to be presented in June 2018, at the PATT-conference (Pupils attitude towards technology) will be
obtained through: (1) observations of workshops with actors developing the climate kit and (2) observation of
test teaching sequences in a classroom. Actors that develop the kit are climate scientists, science centre’s
pedagogues and primary school teachers. When tested in the classroom, one climate scientist and two science
centre pedagogues were teaching. Observations of workshops and classroom tests were made, and those
sessions were audio recorded and transcribed as well. The aim of the study in total is to investigate teaching
content and teaching approaches within technology education. Further, what values and governance strategies
that emerge. All these aspects will be searched for within the workshops and test teaching practice. The
observation notes and transcripts were analysed in an iteratively process with aim to generate empirical data
about the subject content, values and steering strategies.

4. RESULTS
4.1. Workshops for to develop the climate kit

From observations of workshops, the first results that emerge from analyses show how the different actors
(scientists, pedagogues, and teachers) communicate content and signal values. Climate scientists communicate
basic concepts that underlie our current climate understanding. They argue to motivate with knowledge and a
sense of hope for our individual and joint efforts to combat climate change. First of all, knowledge about the
greenhouse effect and the role of carbon dioxide. They also highlight that a series of natural feedback
mechanisms regulate the climate. Climate feedback can be negative or positive. Albedo (referring to the Earth's
ability to reflect solar energy back into space) is an example of a positive feedback. Snow and ice have high
albedo and reflect solar energy back into space. If there is less snow and ice, the earth's albedo reduces, less
solar energy reflects in space, and the earth gets even warmer. Climate scientists stress the importance of the
knowledge about the greenhouse effect and albedo. In addition, our contribution to climate change must be seen
in the context of natural feedback mechanisms. In addition, daily efforts from individuals to mitigate climate
change, based on knowledge about the climate system, are important. The scientists emphasize actual
knowledge as a fundamental reason for understanding how technology activities (human activities) will
interfere with the climate. They claim that knowledge primarily develop through inquiry-based experiments.

The science centre’s pedagogues communicate how the technology activities affects the climate. They have
developed educational themes about food, clothing, transports and use of technology in household with the aim
of challenging students' understanding of aspects that interfere with the greenhouse effect. Focus is the amount
of carbon dioxide contributed in the activity. The activity aims to force students to choose and to value, be a
"good or bad" climate person and appreciate the possibility of using less carbon dioxide. The important content
is the amount of carbon dioxide produced in various technical systems, processes, materials and agricultural
methods. In addition, the students will have to evaluate and argue.

The in-service teachers communicate how important it is that the students think that the activities and the
experiments are fun and interesting. They also want the students to use digital tools when they work with
themes, activities and experiments.
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4.2. The test sequence

The climate kit test can be described consisting of two parts. Part 1 — investigation of carbon dioxide (CO2) and
the relation to a higher temperature. The climate scientist (CS) was guiding two one-hour lessons, a group of 20
pupils with age 10, each hour. In total 40 pupils. They were sitting around two tables and expected to make an
experiment. At one table they had a source of CO2 (with C-vitamin tablets), figure 1, and at the other table
there were no CO2 source, figure 2, otherwise the same condition apply at the two tables. The CS was initiating
with questions about CO2 and a relation to a warmer climate. CS was focusing very clearly on one issue; can
we see it with our own eyes, how CO2 makes it warmer? Thereafter CS introduced the experiment. When the
experiment was completed, CS summarized and concluded in a statement about how CO2 make the climate
warmer. After that, CS was arguing for that individuals have to produce less CO2, thereby leading into Part 2.

Figure 1 and 2. One lamp (the sun), one glass jar with lid (greenhouse), a thermometer fixed in a small globe (the earth).
To the left, pink fluid (c-vitamin (CO2) and water), to the right only water. Two comparative experiments that were
continuing at the same time.

Figure 3. When the pupils were reading the temperature every 30 second during 10 minutes, CS wrote the amounts into
the computer and two different curves appeared on the screen. The pupils could see how the temperature in the CO2-glass
Jjar was increasing to a higher level.
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Part 2 — two science centre pedagogues were guiding the same pupils as in part 1, in a four stations activity
during one and a half hour (each group of 20 pupils). Five pupils in each subgroup rotated between these four
activities:

e Activity 1) How far could you travel when using 1 kg CO2? With an aeroplane, a car, a train, a bus, a
bike, a sailing boat? (six distance scenarios were given, places from real life, a picture of a map were
included) the pupils were expected to rank the vehicles in order from shortest distance to longest,
discuss, come up with arguments and write everything down. See figure 4.

e Activity 2) How much CO2, common household technology contribute with when being used? Make a
ranking between; 15 minutes of a warm shower, one-hour use of an oven, one hour TV, one hour using
an iPad, one search with google, one text message. The pupils were expected to rank, discuss, argue
and write their answer down.

e Activity 3) to choose food and be a “good or bad” CO2-contributer! Choose from pictures of food
(salad, tomatoes, potatoes, rice, meet, pork, chicken, fish, beans, root vegetables etc.) and then pick up
CO2-weights for each specific food-piece (weights were marked with name of the food stuff and
designed in a size proportional to CO2-contribution), then use a food scale to get a total CO2-weight
for the whole meal. The pupils were expected to argue, explain, make their own choice and discuss and
write their answers down. See figure 5.

e Activity 4) about the use of clothes. Be a “good or bad” CO2- contributor! When buying clothes? In a
luxury boutique, in a cheaper boutique, in a shop with only ecological clothes, in a vintage/second hand
shop or if you change clothes with a friend? The pupils were expected to argue, discuss, explain, and
make their own well-founded choices. See figure 6.

Figure 4. Activity 1. Figure 5. Activity 3. Figure 6. Activity 4.

In part 1 the CS guide the pupils to evolve a knowledge content, not mainly technology content rather natural
science content. With well-planned open questions, specific and exact aims, they will make the experiments,
and thereby be trained in inquiry-working routines and principles. The CS has a clear focus on the specific
issue as well: we must see, with our own eyes, if CO2 contribute to a higher temperature. In this context, it
seem to be important to be convinced about the fact of greenhouse effect. The subject content that emerge are
inquiry-work skills and the knowledge that CO2 make the temperature rise. The CS makes connections to the
own profession as a researcher, how exciting it is and how important the researcher is for making evidence
undoubtedly and statements truthful. Great valuing of scientific knowledge arises, thereby highlighting the role
of research in searching for convincing truth. Many of the pupils seem to follow the CS’s guiding and the very
plain instructions. Some pupils answer on questions very ingeniously and many seem to get an interest for
inquiry. Nevertheless, it seems to be a lack of similarities between different pupils pre-knowledge, and to what
extent they can follow and participate in the discussions.
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In part 2, it emerge a lot of specific technology subject content. The pedagogues highlight content such as:
e There are most contributions of CO2 in transport systems and in food processing
e A strategy to find out CO2 contribution could start with analyse of energy usage
e Knowledge about energy sources and amount of energy usage are relevant. How the electricity is
produced, what kind of fuel and technique
e Knowledge about the systems function seem to be necessary as well, for example differences between a
google search and a text message, about the use of internet (electricity usage) or the mobile network
(less electricity)
Therefore, knowledge about energy systems, energy sources, energy usage, are important content for
understanding the CO2-contribution. In addition, material production, the origin of different materials and
energy usage for recycling compared with new production. Food processes comprises agriculture, animal
farming (including the aspect of cattle and their methane production), breeding and transport systems as well.
This make the CO2-production very complex and very focused on system understanding and especially about
energy.

The pedagogues had to guide the pupils in every activity. The tasks seem to be rather difficult to grasp, it
requires an understanding of the complexity, a broad holistic view and a deep understanding of some
technology systems. However, in this session it became very clear for the pupils that individuals have to
contribute with less CO2 and they seem to understand how to do it, the challenge is how to argue, when deep
and specific knowledge is required. Some of the pupils have a well-developed understanding of all these
aspects, they refer to attitudes and habits in their own families, for example; eating vegan food, avoiding car-
transports, buying clothes at second hand, showing pride of their impact. Other pupils also refer to personal
experiences but emphasize a more worried approach. They ask if their long travel habits is a problem. In this
session, it will become very clear for pupils that there is a distinction between being a “good” and “bad”
climate individual.

5. DISCUSSION

During the observations of the climate kit developing workshops, there are divergent aims and views between
climate scientists, science centre pedagogues and primary school teachers. When it comes to important subject
content and how to use the climate kit, with a technology perspective. The high valuing of fact knowledge
(greenhouse effect and albedo effect), and how that will become understandable for pupils through
experimental work are views encouraged by climate scientists with a great power and scientific status. The
science centre’s pedagogues focus more on activities with “high-impact” (Wynes & Nicholas, 2017), and seem
willing to point out the quantity of CO2-contribution in relation to technology as important knowledge. They
focus on pupils own choices as well and argue enthusiastically for sustainability and individual action
competence. The professional teachers do not seem to have entrance to establishing the subject content or the
teaching methods, and they take an inhibited position. The specific content occur in consensus, with different
actors taking different views. The attitudes and roles present, shows a hierarchic structure with differences
between scientific status and teacher status.

During the observations of the test sessions, the climate scientists could transform their intentions and aims
within the teaching situation. A clear focus on one defined issue, and highlighting the relevance and the
importance with inquiry-work, seem to give expected result. The climate scientists take advantage of the
researcher role and could thereby guide the pupils with authority. For the pupils, the researcher role and the
inquiry-work are something familiar. They could recognize the procedures for the lesson but also imagine the
special conditions that are available this day.

During part 2, when more of technology content was taught, the complexity and the diversity in the technology
subject emerged. The intention with the sequence seemed to be that pupils were expected to view and reflect
over “high impact” aspects, and therefore the pupils met four different technology areas with great impact on
CO2-contrubution. It seem to be possible, in a normative way, to explain how humans have to act and what
decisions one should take. However, it seem more complicated and more time consuming to develop pupils
knowledge for understanding the complexity and underlying aspects, and thereby realize and really understand

45



choices and action strategies. Knowledge content emerge during the session, but the normative intentions to
influence behaviour appear to be more important.
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Special education interventions involve methodical instruction, teaching, and therapy activities specially
developed for children with special needs. Some children referred for special education at younger ages
are defined as having developmental delays. Methods commonly in use focus on series of tasks and
exercises of generic character, many times detached from relevant contents and contexts for the child.
Many studies have shown that critical skills for academic learning can be promoted at young ages, but
studies focusing in special education children are scarce. This study focused on the influence of
technological thinking tasks on the advancement and improvement of children-with-special-needs’
executive functions, problem-solving abilities, and motor and graphomotor skills. During the study,
children were exposed to content-rich and context-relevant tasks encouraging design and building
processes, problem-solving, and planning and documentation activities. The results of the study indicate
a significant improvement in all the functional skills observed: fine motor skills, executive functions
(e.g., attentional control, inhibitory control, process control), and problem-solving skills. The
intervention implemented in this study follows the assumption that technological thinking might help
achieve many therapeutic and learning goals for special education children. The main innovation in the
study is the evidence collected on the clear effect of technological thinking tasks on the advancement
and improvement of the target skills.

Key Words: Technological thinking, Special education, Problem solving, Design and building, Executive functions.

1. INTRODUCTION

Special education is concerned with methodical teaching, learning, and therapy interventions for children with
special needs.

Children accepted to special education pre-schools, characterized as children with delayed development, are
mostly children with multiple problems, with recognizable delayed development in most areas of functioning.
Any attempts to characterize these children using one diagnostic label are doomed to failure due to their great
heterogeneity. Children are characterized and diagnosed by the gamut of their particular problems in the
various areas of development: gross and fine motor skills, speech and language, cognition, social/ personal, and
ADL - Activity of Daily Living. (Shevell, 2010).

The quality of educational interventions at preschool age and how these are adapted to each individual student
has considerable influence on developing children’s capabilities in general and preparing them for study at
school in particular (Barnett, 2002). Children in special education need, more than anyone, programs that
impart knowledge and develop cognitive and performance skills aiming to support their independent learning in
the future. Children with learning disabilities are unsuccessful in developing their own effective learning styles.
For this purpose, curricula and teaching methods are created aiming to enable good preparation for school
(Rimm-Kaufman, Pianta, & Cox, 2000; Heckman, Stixrud, & Urzua, 2006).

Executive functions and fine motor skills are important skills required for academic achievement in school
(Cameron et al., 2012; Diamond 2012; Duncan et al., 2007; Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010;
Mazzocco & Kovner, 2007; Morisson et al., 2010). It was indeed found that children with the poorest executive
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functions benefited most from intervention programs aimed to advance the acquisition of crucial skills (Flook
et al., 2010; Karbach & Kray, 2009; Lakes & Hoyt, 2004). Diamond and Ling (2016) found that executive
functions (a set of cognitive processes that are necessary for the cognitive control of behavior, e.g., attentional
control, inhibitory control, process control) must be challenged consistently, and practice and training can lead
to improvement.

It was found that technological tasks enable children to develop fine motor skills, hand-eye coordination,
problem solving ability, and even acquire social skills. Moreover, this type of activity is enjoyable and leads to
motivation (Bers, Flannery, Kazakoff, & Sullivan, 2014). Technological thinking arouses curiosity, requires
higher order thinking, analytical skills, abstraction, and problem solving, and enables processes of knowledge
construction and learning. Technological curricula suitable also for young children have recently been
developed (Barron et al., 2011). Bers (2008) saw that construction and design processes support learning and
the development of technological reasoning skills

In our study, we hypothesize that the acquisition and practice of technological reasoning skills can contribute to
advancing and developing learning skills that are difficult for children with developmental delays (Thomas,
2016) like fine motor skills, graphomotor skills, executive functions and cognitive flexibility.

1.1 Research rationale

The study examined the effect of (1) technological thinking and (2) the involvement in planning, constructing
and documenting on reasoning skills development by children with developmental delays in special education
preschools.

The research questions were defined to examine the following topics:

o The effect of the exposure to various construction sets and building tasks, on planning and fine motor skills.

e The effect of documenting the built models on children’s graphomotor skills.

e The effect of exposure to planning and building tasks using various construction sets on organizing
thinking, executive functions, and ability to cope with and solve problems.

2. METHODOLOGY

2.1 Population

The research is a qualitative study that followed ten preschool children, aged 5-6, who had been diagnosed with
a developmental delay by a developmental pediatrician and attend a special education kindergarten.

The main characteristics of children’s difficulties in preschool are language delays, sensorimotor problems —
difficulties in the maturity of the sensory systems, gross and fine motor skill functions, graphomotor
performance, and visual perception, organizing thinking and executive functions. Likewise, social-
communication difficulties, low frustration threshold, and motivational difficulties. (Shevell, 2010; Thomas,
2016)

An intervention program was created built on exposure to technological thinking tasks, and based on the
acquisition, development, and organization of thinking skills, alongside developing language, motor, and
social-communication skills. It was designed on the basis of a long-term research plan carried out in regular
experimental kindergartens (Kuperman & Mioduser, 2012).

Unlike other children, children with developmental delays require mediation, focus, direction, and learning the
strategies essential for life in general and learning in particular. The ability of early intervention programs to
minimize declines in development has been reported (Guralnick, 1991). As well, technological thinking tasks
might serve as effective tool for achieving many therapeutic goals for children in special education (Kuperman
& Mioduser, 2012).
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The intervention program focused on a wide range of skills: communication and interaction among children,
fostering language skills; organization skills in both free and structured task planning and execution; motor
skills (e.g., experiencing the body in a space, planning, directionality); fine motor skills (e.g., work with
construction sets that require motor and visual perception accuracy); graphomotor and visuomotor skills
required for the documentation of the constructed models; bolstering self-image and a sense of efficacy;
problem solving — including experiencing defining the problem, raising possible solutions, selecting and
implementing the solution, and then re-examining the situation.

The intervention program included a range of components. In this paper we chose to focus on four main areas:
Fine motor and graphomotor skills, reasoning skills, executive functions and problem solving.

2.2 Data collection

For gathering the data, the experiences were documented through observations, documentation and
photocopying of children’s products and construction processes. The learning sessions as part in the
intervention program were coducted by the teacher under the guidance of the researcher following prior
training. The intervention program was conducted in the kindergarten as part of the regular activities. In
addition, individual meetings were held with the children following construction and documentation tasks

Data collection was conducted during eight sessions throughout the school year and focused on three aspects of
children’s performance: Construction, graphic documentation and problem solving.

Construction — The tasks involved the use of a range of construction kits - the children were asked to build a
model of their own free choice, to give meaning to the model we used to explain its uses. The observations
focused on hand-eye coordination ability, motor accuracy ability, strength regulation, and hand manipulation
ability (Figure 1).

(2RO 20500

Figure 1: construction tasks

Graphic documentation. After completing the construction, the children were asked to document their
creations. The observations focused on hand-eye coordination, visuomotor skills, and ability to plan in a
graphic setting. As well as on Pencil control and graphic accuracy and ability to represent, e.g., representation
of color, shape, a moving element (Figure 2).

Problem solving - the children were asked to build a path in space using cones and cubes, before or during the
construction they were presented with a problem they must solve. Children experienced situations in which
they were required to identify a problem, define it, plan a solution, and carry it out. During the day, even
beyond the technological tasks, the children were expected to plan and carry out problem solving process
linked to the kindergarten’s daily activities (Figure 3).
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Figure 2: documentation tasks Figure 3: documentation tasks

A graded scale was constructed according to the level of performance. The levels were defined in values 0-3 in
a multilevel form where 0 describes incompetence and 3 describes an age-appropriate ability.

2.3 Research variables

2.3.1 Independent variables:

The independent variables were the technological thinking tasks administrated during the intervention:
Construction, documentation, and problem-solving tasks.

2.3.2 Dependent variables

e Fine motor skills — hand-eye coordination, strength regulation, fine motor accuracy and control, in-
hand manipulation ability.

e Graphomotor skills — pencil grip, line quality, and use of line complexity
Thinking and executive functions — organizational and planning abilities for construction tasks —
choosing the parts, matching them, ability to solve problems during construction, and providing
significance, planning ability during construction, checking ability during the process, and flexibility of
thinking.

e Problem solving — ability to identify and define a problem, raising possible solutions, choosing,
implementation, and checking.

3. RESEARCH FINDINGS

The figures below describe group and individual progress during the study at eight assessment points, by the
dependent variables examined. The findings are presented according to the research questions.

3.1 First research question: Does experiencing with technological thinking tasks affect the development of
fine motor, graphomotor, executive functions and problem-solving skills, by children with special needs?

A significant improvement can be seen in the mean performance of the group for the fine motor skills hand-eye
coordination, strength regulation, motor accuracy and control, and in-hand manipulation (Figure 4) The score at
the beginning of the year ranged from 0.5-1 and reached 2.3-2.8 at the end of the year.

Significant progress can be seen concerning thinking skills and executive functions (e.g., planning, process

control capability, attention, importance and control, see Figure 5). The score at the beginning of the year
ranged from 0.2 to 0.7, and at the end of the program it reached 2.6-2.8.
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Figure 4: Group progress in fine motor skills along construction tasks
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Figure 5: Group progress in thinking skills and executive functions along construction tasks
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Figure 6: Group progress in problem solving skills along construction tasks
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It can be seen that children began with extremely low level of problem solving capability, and there is clear
progress along the construction tasks in ability to identify and define the problem and raise and implement
possible solutions. Graph 6 presents the capabilities to identify a problem, the ability to raise options for
solution and the ability to implement a solution. At the beginning of the year the children showed an inability to
solve problems and received a score of 0, at the end of the year received a score between 1.8 and 2.6.

Concerning graphomotor skills in documentation tasks, significant improvement can be seen for sub-variables
such as pencil grip, line quality, use of complex lines, thinking about correct use of page space, size, and
presentation (Figures 7 and 8). At the beginning of the year they scored between 0.3-0.6 and at the end of the
year they reached the intelligence level 2.3-2.7.

Similar progression has been observed along the tasks for problem solving skills. In Figure 9 the group results
for the different sub-skills show a clear progression along the tasks. In Figure 10 the values for the individual
children is shown, indicating a clear progression as well.
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Figure 7: Group progress in graphomotor skills along documentation tasks
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Figure 8: Group progress in thinking skills along documentation tasks
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Figure 9: Group progress along problem solving tasks

3.2 Second research question: What characterizes individual children’s development of performance and
reasoning skills as a function of their involvement in technological thinking tasks - construction,
documentation, and problem solving tasks?

The graphs below describe the progress of each child in each field (fine motor graphomotor and problem
solving). The progression is described according to the mean scores on the 8 test points.

In Figures 10, 11, and 12 the individual children’s means in the construction tasks are presented. The data
indicates that all children gained significant progress in fine motor skills, executive functions, and problem-
solving abilities along the construction tasks.

The group in the special education kindergarten is obviously heterogeneous. Every child has difficulties of
varying degrees in different areas and this is evident in children’s performance as observed in the first
assessment point of motor skills. Along the construction tasks two sub-groups have consolidated, showing clear
gap in performance between them. However, all children in both subgroups gained clearly from the
intervention as it is evident in the graphs depicted in Figure 10.
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Figure 10: Progress of individual children in fine motor skills along construction tasks
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Figure 11: Progress of individual children in thinking skills and executive functions along construction tasks
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Figure 12: Progress of individual children in problem solving skills along construction tasks

For thinking skills and executive functions (Figure 11) and problem-solving skills (Figure 12) in construction
tasks, as well as for performance and thinking skills in documentation tasks (Figures 13, 14) the data shows
similar trends, in which progress in skills acquisition and performance is evident along the assessment points.

Figure 15 relates to children’s individual progress in problem solving tasks. The overall pattern along tasks and
assessment points is similar to that observed for all previous skills in construction and documentation tasks. In
problem solving tasks, all children but one showed consistent progress along the assessment points in quite
homogeneous path. Yosef outperformed exceptionally in comparison with the other children from the first
assessment point, showing high level performance along the tasks. We will refer to Yosef’s case in the next
section.
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Figure 14: Progress of individual children in thinking skills along documentation tasks
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3.3 Third research question: Which children will be helped most by the technological thinking tasks?

To answer this question, we examined which children made the greatest progress and every child’s
performance and difficulties in the various skills. In the following two sample cases are presented (Figs. 16,17).

Yosef is a boy who came to the kindergarten with a diagnosis of difficulties in gross, fine motor, graphomotor
and problem-solving capabilities, in organization and planning both in space and in thinking tasks and a poor
self-image. However, he was clearly motivated and had perseverance abilities. We already observed significant
progress at the beginning of the sessions. He showed high-level abilities relative to the other children.

Gal moved to the special education preschool after failing to integrate in a regular preschool. No difficulty was
observed regarding gross motor skills, but he had difficulties in fine motor skills, language, organization and
executive functions, sensory processing, and graphomotor abilities. His performance level corresponded to the
age-level of a two-year-old. He was poorly motivated and avoided trying. He had conflicts with the staff and
children.
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For the two children the results showed a significant improvement in all the observed skills. However, while
Yosef performed at a higher level from the very beginning of his involvement with the tasks, the case of Gal is
notorious. Against the background of his diagnosed problems, the progress in performance and the
development of important skills during his involvement in technological thinking tasks was impressive.

4. DISCUSSION

This study, focusing on special education children, was designed on the basis of a long term research plan
carried out in regular experimental kindergartens (Kuperman & Mioduser, 2012).

According to published surveys, more than 50% of students in the special education system have learning
disabilities (Leizer, 2000). Children with learning disabilities are unsuccessful in developing their own
effective learning style. Unlike other children, children with developmental delays require mediation and
support in their learning of strategies essential for life in general and for academic performance in particular.

In the majority of cases, the staff in the special education system try to help the children by closing the
academic gaps while teaching knowledge using structured methods (Hattie & Yates, 2014; Rowe, 2006). In this
study we chose to expose the children to tasks aiming to encourage learning while trying things out and
developing thinking skills, and not just acquiring knowledge. We wanted to examine whether significant
progress can be achieved with children in special education performing experiential activities in a technological
environment that raises possibilities for: (a) construction - employing fine motor skills; (b) documentation -
requiring graphomotor skills; and (c) developing reasoning skills for problem solving. Our intervention
program was based on the premise that technological thinking can serve as a tool for reaching many therapeutic
goals for children in special education (Bers, Flannery, Kazakoff, & Sullivan, 2014; Bers, 2008).

Following the exposure to the various construction kits, their repeated use in varied tasks, together with
imparting significance to the construction, and using it for documentation - we could see that fine motor skills,
including hand-eye coordination, strength regulation, in-hand manipulation control and accuracy, greatly
improved. The areas of greatest improvement were strength regulation and control and accuracy abilities. The
reasoning skills required for attentional control, inhibitory control, planning the construction, and evaluating it
during the process, were very poor at the beginning of the study and demonstrated clear progress at its end. It
could be seen that the constructions were of very low complexity at the beginning of the process: the children
tended to build with two components, it took a very short time, and there was clear difficulty in conferring the
construction authentic significance. The complexity of the constructions increased over time, the time spent on
it significantly rose, and the children learned to impart their artifacts with significance, and even build an
artifact according to an advance plan. The motivation to try out and develop the constructed artifacts increased,
and there was increased ability to sustain interest and not give up if they encountered a problem. Regarding
problem solving skills, there was progress in identifying and defining the problem, the ability to raise possible
solutions, and in implementation strategies and skills. Significant progress has been observed as to the ability to
transfer problem solving skills to daily life situations. During the early sessions, we observed many situations in
which a child stopped working and immediately moved to a different activity as soon as he had difficulty in
performing a task. Later on we saw motivation to struggle, change, and correct, so as to continue building, and
even developed the ability to identify that they had encountered a problem and needed to turn to someone for
help. There was a significant improvement in executive functions that affect, among other things, everyday
learning and problem solving.

The study has several implications on both the theoretical and practical-educational levels. On the theoretical
level, we increased our understanding that children with difficulties in the areas of performance and reasoning
can improve their performance, reasoning skills, and executive functions, after performing suitable
technological thinking tasks.

On a practical level, the results can serve as a basis for creating suitable programs for special education aiming
to advance significant skills for successful learning. The results serve as a sound base for understanding that it
is important to focus in general and in special education in particular, on advancing learning skills and not just
teaching information. It is important to expand the studies in this field and gather additional data.
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Following the results of this study, a more extended study was carried out recently including five kindergartens,
part experimental and part control groups. Our working hypothesis, also in the new set of studies, is that in
contrast with the structured and decontextualized sets of curricular tasks in use in special education -
technological thinking tasks, by their authentic, hands-on, creative and motivating nature, and the set of
strategies and skills addressed, are of great potential for supporting children’s learning and the development of
skills and thinking processes crucial for further learning and schooling in regular educational frameworks.
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Mitcham’s Fourth: a case for foregrounding volition when framing Design
and Technology Education

Steve Keirl
Goldsmiths, University of London, London, UK

In his 1994 text "Thinking Through Technology: the path between engineering and philosophy", Carl
Mitcham presented a typology of four ‘modes of manifestation of technology’: as object; as knowledge;
as activity; and, as volition. In line with Mitcham’s own position at the time (and more recently), this
paper takes as a premise that the first three of these dominate Design and Technology (D&T) curriculum
and research in traditional and restrictive ways. The paper first presents a brief overview of the text and
the first three modes; second, presents some philosophical context to the concept of volition; third,
reflects in greater depth on ‘technology as volition’; and, fourth, sketches a case for foregrounding
volition in D&T educational thinking and practice. On its journey, the paper explores concepts of (free)
will, choice, decision-making, motivation, intention, human expression, individual and social enterprise,
technological (non-)neutrality and incontinence (in Mitcham’s sense of the word). The paper is a
contribution to the general education case for D&T curricula to take dynamic, humanistic and holistic
forms rather than restricted technical-instrumental or purely realist forms.

Key Words: D&T curriculum, Volition, Will, Student and human agency.

1. INTRODUCTION

Technology, or the making and using of artifacts, is a largely unthinking activity. It emerges from
unattended-to ideas and motives, while it produces and engages with unreflected-upon objects. We make
dinner, sew clothes, build houses, and manufacture industrial products. We use tools, turn on appliances,
answer telephones, drive cars, listen to radios, and watch televisions. In our technological society, all this
happens mostly by habit... (Mitcham, 1994:1)

These opening lines of Carl Mitcham’s text reflect its engaging title: "Thinking Through Technology: the path
between engineering and philosophy". The book offers both a comprehensive overview of the field of
technology and an articulation of the case for maintaining a humanities engagement with technological theory
and practice. As the book approaches its quarter-century the philosophical, sociocultural and political
understandings of technology and its practices have developed hugely. However, just as it is a challenge for
Design and Technology (D&T) education to ‘keep up’ with technological developments (if it really needs to) so
it is the case for educators to deepen their understandings of how the phenomenon of technology is at once
shaped and world-shaping.

Simplistic understandings of ‘technology’ hold back qualitatively rich curriculum formulations of D&T
education — whether at the policy or classroom level. Those who would constrain the field to uncritical, values-
free making and skilling, or to techno-positivist design-poor alliances of the STEM (science, technology,
engineering and mathematics) kind not only fail to advance what constitutes ‘education’ for students
themselves but also fail their publics. Mitcham’s text takes up the challenge of properly situating technology in
existential, socio-cultural, political and moral philosophies.

Mitcham contends (p.12) that the philosophy of technology should: a) be aware of its own history (Part One of
the book); and, b) be able ‘to articulate a set of systematically integrated issues’ (Part Two). He works a rich
discussion between engineering philosophy of technology and humanities philosophy of technology and points
out that the term ‘technology’ is used in both narrow and broad senses by engineers and humanities scholars
alike. He defends the broader connotations but distinguishes four modes of the manifestation of technology in
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the broad sense. Because, ‘(t)echnology is pivotally engaged with the human’ he suggests it should be
considered °...in relation to the essential aspects of a philosophical anthropology — with differences drawn
between its manifestations in the mind, through bodily activities, and as independent objects...” (p.159). From
these he posits technology as knowledge, technology as activity, and technology as object. However, he
acknowledges that such a conceptual framework constitutes an oversimplification: that the construct of ‘mind’
should not be restricted to cognition. ‘The will is an equally real if subtle aspect of the human.” Thus, he adds
technology as volition as his fourth mode of the manifestation of technology.

The concern of this paper is that much Technology Education research and practice currently defaults to the
first three modes at the expense of “Mitcham’s Fourth”. The paper proceeds with a brief sketch of each of the
three ‘modes’ as presented by Mitcham (he devotes a chapter to each). Technology-as-volition is then given
greater scrutiny and key aspects along with some additional philosophical background are assembled for
reflection on the educational scene. Finally, a case for foregrounding technology as volition in Design and
Technology education is sketched out.

2. TECHNOLOGY AS OBJECT

Whilst it may be fairly obvious to see types of technology as material objects, Mitcham reminds us that
technological objects can also originate from other species and he notes how classifying objects by materiality
‘...excludes sociotechnical systems from being technological objects in a primary sense...” (p.161). Drawing
on Mumford (1934) he offers a ‘spectrum of artifacts’: clothes; utensils; structures; apparatus; utilities; tools;
machines; and, automata (p.162). He expands with other possibilities: tools for doing or performing (letters,
numbers, musical instruments); objects of art or religion; and, toys. His investigations embrace animal
artifacts; the human experience-shaping nature of artifacts; the social dimension of artifacts; and, the
phenomenology of artifacts.

3. TECHNOLOGY AS KNOWLEDGE

At a base level, Mitcham contrasts technological knowledge with ‘knowledge of nature’ — the one of artifacts,
the other of natural objects. He then posits that technological knowledge might be considered on a disciplinary
basis e.g. architecture and the multiple forms of engineering: mechanical; civil; electrical; chemical; etc.
However, no such approaches reveal anything ‘...about the unique epistemological structure of technology as
knowledge.” (p.192). Towards this, he offers a range of distinctions from the least to the most conceptual: 1)
sensorimotor skills; ii) technical maxims, rules of thumb or recipes; iii) descriptive laws; and, iv) technological
theories (p193-194).

Different epistemologies of technology and epistemologies of different technologies debate the
interaction and relative weights of these various types of technology as knowledge. These are further
subject to realist, instrumentalist, pragmatic and other interpretations, although engineers, like scientists,
readily assume the realist stance. (p.194)

4. TECHNOLOGY AS ACTIVITY

Noting that the modes of technology as object and as knowledge are ‘...the two most philosophically analysed
forms’ Mitcham states: ‘Technology as activity is that pivotal event in which knowledge and volition unite to
bring artifacts into existence or to use them; it is likewise the occasion for artifacts themselves to influence the
mind and will.” (p.209). He shows how technological activities manifest themselves across many human
behaviours and that they can occur in individual, personal forms or those of the group or institution. As
examples of behavioural engagements of technology as activity he offers: crafting; inventing; designing;
manufacturing; working; operating; and, maintaining. On deeper examination, the history, politics, economics
and socio-cultural relations of each of these begin to open up technology’s rich, problematic and contested
nature.
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5. VOLITION AND RELATED CONCEPTS

To step away from Mitcham for a moment, it’s worth exploring (in an admittedly lightweight way) the
philosophical context of volition, that is, the power of willing or the exercise of the will. The idea of ‘free will’
has remained one of the great challenges to philosophy for millennia. It is arguably, like technological
capability, a key trait of what constitutes being human or...human ‘being’ (concepts under ever-increasing
scrutiny as technologically-driven posthuman and transhuman scenarios present themselves [see e.g. Bostrom,
2009]). Simply put, freedom (in Western cultures) can be considered in two broad ways — freedom from and
freedom fo. The first refers to the kinds of circumstances that facilitate freedom — such as political liberty and
protection of our rights to act as free agents. The second refers to using that agency (or not) — having and
applying conscious choice and control over one’s actions. Will refers, at a basic level, to the psychological
capacity of most humans for decision-making. Thus, being free to act is one matter but the application of our
will to that freedom is what constitutes our decision-making, which includes our freedom to act otherwise.

Intimately related to any consideration of our decision-making and acting come ethical questions: How should I
act? How should we live? What is the right, or best, thing to do? And, in turn, issues of responsibility arise.
Thus we talk of acting ethically or acting responsibly when we make our technology-related choices in this
world. Moral consideration of others also matters; whether ‘others’ are people, species, environments or,
increasingly, technologies (e.g. Verbeek, 2005, 2006). Bound up with this is the rich concept of intention.

Standing against concepts like volition is (causal) determinism: at a general level, the view that all events
without exception are the effects of prior events. However, when we turn to the personal level the argument is
that: “...all our choices, decisions, intentions, other mental events, and our actions are no more than effects of
other equally necessitated events.” (Weatherford, 1995:194). Warnock (1998) points out that the determinist
argument is anathema to ethical theory. As she argues, ethics implies choice and that is illusory for
determinists. In philosophical terms the seeming mutual exclusivity between freedom and causal determinism
is framed as incompatibilism.

6. TECHNOLOGY AS VOLITION (Returning to Mitcham...)

‘Engineering includes distinctive perspectives on and analyses of technology as object, as knowledge, and as
activity. It has, however, nothing to say about technology as volition.” (p.247). Thus Mitcham opens his
chapter on his fourth mode noting that its exploration calls for a philosophical rather than an engineering
approach — one which acknowledges what he calls the protean (variable or versatile) character of volition.
Drawing on extensive literature he documents how technologies have been associated with ...diverse types of
will, drive, motive, aspiration, intention, and choice’ giving these examples:
the will to survive or satisfy some basic need;
the will to control or power;
the will to freedom;
the pursuit of or will to efficiency; and,
the will to realise the Gestalt of the worker or almost any self-concept (p.247-248).

He cites many will-oriented authors: Spengler on ‘technics as the tactics of living’; Ferré’s seeing ‘technology
as practical implementations of intelligence...(where)...practical intelligence is “mental self-discipline in the
service of the urge of life...(as a tradition of)...the will to live and to thrive” ’; Mumford and others on the will
to control and power as potentially antithetical to Ferré’s stance; Skolimowski’s view of ‘technology as a form
of human knowledge concerned with what is to be’ (as opposed to scientific knowledge’s concerns with what
is); Junger, Ortega and Sartre on self-realisation and our existences from whom Mitcham concludes ‘Whatever
is willed calls forth its appropriate technology’; White’s finding ‘technology grounded in Christian charity and
temperance or what might otherwise be described as an altruistic, disciplined will’; Grant on the dangers of
distancing ourselves from our technologies (technology as objects i.e not me/not us) ‘Technique comes forth
from and is sustained in our vision of ourselves, as creative freedom, making ourselves, and conquering the
chances of an indifferent world.” (all pp.248-250).
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Opening up a critique of volition in relation to technology Mitcham argues that, of the four modes of
manifestation, volition is the most individualised and subjective. He points to the ‘problem of correspondence’
between subjective and objective intentions, that is, while we might know our own acts of willing, we can only
infer from their actions (including speech) the intentions of others. Here, he discusses will and ideas and will
and knowledge relationships. He also criticises the ‘vacuous’ nature of much discussion around ‘technology
and values’ precisely because °...it assumes that technology as object, as knowledge, and as activity is value- or
intention-neutral’ (p252).

Following Pfander, Mitcham points to ‘the problem of self-understanding and levels of the will” which, at a
weak level amounts to ‘striving’ as a kind of biological urge or instinct e.g. a hope, wish or desire. Such
striving becomes willing when it is strongly ego-centred and we understand our goals can be realised by our
own actions. Here, consciousness of self is key. In turn, Mitcham offers Ricoeur’s three levels of what “I will”
can mean, namely: “I desire”; “I move my body”; or, “I consent” which he transposes to technology-as-volition
as: technological desire; technical motivation or movement; or, consent to technology (pp.253-255).

Mitcham also presents an Arendt extract that reminds us of the temporality of design and technological
practices:

(T)he will, if it exists at all...is as obviously our mental organ for the future as memory is our mental
organ for the past. (But) the moment we turn our mind to the future we are no longer concerned with
‘objects’ but with projects...And just as the past always presents itself to the mind in the guise of
certainty, the future’s main characteristic is uncertainty. (Arendt cited in Mitcham 1994:254)

While any discussion of volition invites discussion of ethics, Mitcham shows that traditional ethical
assessments of how best to live only begin to engage with technology as volition. He identifies what he
believes to be two principal shortcomings of traditional approaches. First, they don’t give adequate account of
‘... those technological volitions described by phrases such as “will to control” or “will to power” or even “the
pursuit of efficiency” ‘. Second, in general, they fail to begin to ‘...address the correspondence between
different understandings of the good and of technology’ (p.259).

Mitcham devotes his final section of the technology-as-volition chapter to the matter of the weakness of the will
problem (in traditional philosophy, akrasia). However, he specifically chooses the term incontinence (the
absence of contentia or self-control) to ‘indicate a hiatus between knowledge and action’ (p.259). Why is that
despite knowing what is the right course of action to take that we are capable of doing the opposite? Or, why,
despite all our better judgment do we choose to act in ways that are illogical, unreasonable or ethically
indefensible? (Here, ‘we’ may be individual or collective.) He says: ‘If power or the ability to act increases,
then so must intelligent control — otherwise power will eventually lead to disaster.” He sets out three
preconditions for the full exercise of such intelligent control:

1. knowing what we should do with technology, the end goal toward which technological activity ought to
be directed;

2. knowing the consequences of technological action before the actual performance of such actions; and,

3. acting on the basis of, or in accord with, both types of knowledge: ‘in other words, translating
intelligence into active volition’ (p.260).

Mumford points out that most discussions concerning the responsible use of technology focus on (1) and/or (2)
and that (3) is subsumed under questions of societal organisation (cultural lag) or seen as a psychological
pathology (e.g. alienation). When (3) is not met then the issue of incontinence presents itself. He notes that the
overcoming of incontinence is a matter of:

...education and moral training (and perhaps the restructuring of society). The “artifice” of the polis is a

better teacher of ethics than is nature. Incontinence loses its force as a conundrum and becomes merely
an indicator of the need to transcend nature with culture. (p.262).
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In concluding his chapter, Mumford highlights °...an incontinence-related volitional contradiction at the heart
of the modern technological project’. He argues that the modern period has seen the valorisation a) of the will
over the intellect as the highest aspect of humanity and b) of freedom over justice as the primary aim of
politics. Thus, as the technological project is arguably grounded in maximising freedom it, at the same time,
presumes the impossibility of incontinence — an at-once-both binary (Keirl, 2015) of freedom set against
power/control. Thus the individual (or collective) wishing to exercise free will against/within rationalised
technological circumstances, consciously chooses to act against that very rationale.

7. BRINGING TECHNOLOGY AS VOLITION TO DESIGN AND TECHNOLOGY CURRICULUM

It would seem that the case for foregrounding volition in D&T education can be articulated as three groups of
considerations. The first is philosophical. Design and Technology education, if it is about anything, is about
action on the world and any theory of action, as with philosophy of technology, must engage questions around
not only volition itself but also around its philosophical relatives. Clearly, matters of values clarification and
ethical debate (respectively, axiology and moral philosophy) are key to discussions of any sense of technology-
as-volition. Equally, our will-technology relations introduce ontological considerations of our being-in-the-
world - the existential and the phenomenological are engaged. Such philosophical work challenges
determinism and any ideas of neutrality of technologies (in whatever mode). All such explorations illustrate
the complexity and holism of the phenomenon of technology and, as a result, the orthodoxies of instrumental
rationalism and any claims to technology having a simple positivist-realist knowledge base are turned on their
heads. The epistemology of D&T education is necessarily dynamic rather than static.

The second set of considerations is curricular and political. If a curriculum is to truly educate about
technologies then valorising a particular form of knowledge, or objects/things, or activity (e.g. skilling) as
D&T’s raison d’étre is simply not enough. If students’ understandings about their own (and others’)
technological being, efficacy, agency, choice-making, critiquing are to develop then technical ‘problem’-
solving and making things will be inadequate. A curriculum for sustainability, for democratic technological
engagement, for considerations of consequences, or for social enterprise will engage the vocabulary of volition
that Mitcham espouses. This means the centring (rather than the marginalisation) of design where competing
values, futures-orientation, agency, and choice education are celebrated. Thus, a curriculum organisation is
needed that can articulate a holistic, ethical and critical technological literacy and, since rich D&T is
necessarily interdisciplinary in nature, it is the obvious leader of such a technological literacy across the
curriculum.

Third, come classroom considerations where critical, transformative pedagogies of critiquing and designing are
the norm. Here, students learn about their own efficacy; about design as weighing-up of competing variables;
about choosing not to design in particular ways; about affording respect to other people, other species and to
the planet; about choice-making and consequences; about being critical ‘consumers’; and about design as a
change-making, futures-oriented practice. To re-phrase the opening quotation of this paper, Design and
Technology education manifests as a largely thinking activity of attended-to ideas and motives.

Mitcham made his case in 1994 and it continues to speak to D&T education today. He continues to champion
the cause with no less vigour twenty years on when he argues for engineering education to engage closely with
the humanities saying: ‘How about engineers who can think holistically and critically about their own role in
making our world and assist their nonengineering fellow citizens as well in thinking that goes beyond the
superficial promotions of the new?’ Noting that we are moving from the human to the fechno-human condition
with dissolved boundaries between the natural and the artificial, between the human and the technological, he
calls for engineers to engage °...the ultimate Grand Challenge of self-knowledge, that is, of thinking
reflectively and critically about the kind of world we wish to design, construct, and inhabit in and through our
technologies...The engineering curriculum should be more than an intensified vocational program that assumes
students either are, or should become, one-dimensional in their lives.” (Mitcham 2014:19-21).

As things currently stand, rich concepts such as Mitcham’s technology-as volition remain at the margins (if at

all) in D&T curricula. A curriculum that privileges particular objects, making and knowledge leaves no air for
the many concepts that can contribute to a truly thinking D&T educational experience for all students. All such
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concepts warrant foregrounding because they speak to and interplay with each other to constitute a dynamic,
holistic curriculum. If we consider education itself to be a technology then perhaps education-as-volition
should become a centrepiece of our deliberations.
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One of the characteristics of the 21st century is the increase in the information sources available to
designers to make their design decisions. However, there is much debate about designers’ choice of
information that enables them to design effectively. Several studies have reported on the cognitive role
played by information sources such as STEM knowledge, sketches, images, three-dimensional models,
and the physical environment during the design process. However, current theoretical frameworks do not
explain how internal and external information sources contribute to novice designers’ moment-to-
moment information processing. The purpose of this paper is to examine the use of linkography to
investigate how novice designers used information sources during the early phases of the design process.
In this paper, we report on a case study in which a group of Grade 8 participants completed a design task
requiring them to design a heat retaining food container for street food vendors at a taxi depot. We used
a mixed methods case study research design, in which Think-Aloud Protocols were used to access the
cognitive processes of the participants. An extended cognition framework formed the theoretical
foundations of this study. The preliminary findings indicate that the participants extensively used
external information to structure and solve their design problems, with minimal use of STEM
knowledge.

Key words: Design cognition, Information sources, Linkography, STEM knowledge, Technology
Education

1. INTRODUCTION

This paper reports on research that is currently in progress for the completion of a PhD. While the final results
are not yet available, it is worthwhile to make known the nuggets of information that have been gained in the
interim.

Cognitive psychology teaches us that to understand learners’ design cognition, researchers should study small
increments of thought (Chinn & Sherin, 2014; Goldschmidt, 2014). This implies that the former linear, phase or
spiral models of the design process becomes less appropriate for understanding the nature of designers’
thinking processes in detail. The underlying assumption of these models is that the design process comprises
separate phases and that designers progress from one phase to another, with iterative cycles where necessary.
We now know that these models teach us little about the design reasoning processes involved in design.
Although these models highlight the procedural nature of designing, they do not reveal the ontological nature of
design thinking (Haupt, 2018a; Sung & Kelley, 2018). This suggests that researchers need to consider looking
at smaller segments of the design process to understand how learners think and reason during designing
(diSessa, Sherin, & Levin, 2016; Goldschmidt, 2014; Hall & Stevens, 2016). One way of studying learners’
design processes closely is by using verbal protocols.

Verbal protocols have been used for the last 40 years to study the moment-to-moment thought processes of
both individuals and teams of designers. Verbal protocols allow researchers to collect systematic evidence of
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designers’ incremental thought processes and behaviours as they occur during a design task (Grubbs, Strimel,
& Kim, 2018; Sung & Kelley, 2018). The captured verbal reports and behaviours are transcribed and coded
systematically, thereafter, analysis occurs by studying the design process in small units. Although the verbal
reports can never be a complete representation of designers’ thought processes, they do provide some access to
designers’ reasoning and thinking, which would otherwise not be accessible (Goldschmidt, 2014). Allowing
designers to work in design teams also enhances the validity of their verbalisations as teams naturally
communicate with each other during their design task (Goldschmidt, 2014). A further strategy to enhance
verbal protocols is to include the analysis of visual external representations, including sketches, 3D models and
gestures.

Recently, Grubbs et al. (2018) analysed the coding frameworks used to study the verbal protocols of
technology education learners engaged in design tasks. Of the seven reviewed frameworks, three frameworks
emphasise the procedural nature of designing, while the other four frameworks have a cognitive science
foundation and reflect an ontological approach to understanding learners’ cognition. However, none of the
frameworks capture the dynamics between learners’ interactions with internal and external information sources.
Instead, it seems that the frameworks espouse predominantly internalist cognitive science theories. To this end,
this paper follows an extended cognition framework toward examining learners’ cognitive processes by means
of linkography.

2. THEORETICAL FRAMEWORK

For the study of learners’ moment-to-moment designing, we adopted an extended design cognition lens (Blom,
Haupt & Fraser, 2018; Haupt, 2018b). In contrast to classical information processing theories, extended
cognition recognises that designers’ design task environment encompasses internal and external sources of
information, irrespective of domain or level of expertise. Extended cognition developed as a subset of Situated
Cognition (Robbins & Aydede, 2009) and Distributed Cognition Theories (Hutchins, 2014) and pays equal
attention to computational theories of mind and ecological psychology when studying cognition. The Extended
Mind Thesis (Clark, 2006, 2008; Clark & Chalmers, 1998), which rejects exclusive internalist and externalist
theories of cognition in favour of an integrated model of cognition (Hurley, 2010; Menary & Gillet, 2017),
formed the backbone of our current understanding of learners’ cognition during designing.

The benefit of using an extended cognition framework lies in the descriptive power it provides in describing the
development of learners’ design activity. This is in conjunction with the information sources that they use
during designing. In the professional design literature, Cash and Gongalves (2017) emphasise that there are
limited theoretical frameworks describing the development of design procedures in conjunction with
information sources. As such, an extended cognition framework provides a means to study how Grade 8
technology learners use information sources during the early phases of the design process.

3. METHODOLOGY

In order to examine how Grade 8 technology learners used information sources during designing, a Think
Aloud Protocol Study (TAPS) embedded in a mixed methods case study was used to collect concurrent
qualitative and quantitative data (Creswell, 2014). The qualitative data included visual and verbal data, while
the quantitative data included temporal data. Conducting a TAPS allowed us to microscopically study what
information sources the participants used in the design process, and when they were used. The study was
conducted in a low to middle socio-economic region in South Africa. Three participants were purposefully
chosen by their teacher to participate in the case study based on their ability to communicate effectively, work
together as a group, and proficiently solve design problems using STEM knowledge. The researchers were able
to elicit the design cognition behaviour of each group of participants by providing them with a design task,
which was adapted from a prescribed textbook approved by the South African Department of Basic Education
(DBE). The design task was based on the participants’ previous term’s work, focusing on concepts of structures
and processing. The group of participants was required to design a recyclable heat retaining food container to
be used by street food vendors at a taxi depot. During a single two-hour session, we presented the participants
with the design task. We then video recorded them as they engaged with the design task. The video recording
was conducted as unobtrusively as possible, and the participants were provided with minimal guidance from
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their teacher and the researchers. Stationary, tools and materials were provided to facilitate the design process.
This paper reports on the first hour up to the point where the participants generated ideas and chose an
appropriate design concept.

3.1 Analysis of the data using linkography

Linkography was originally introduced to analyse verbal protocols in order to assess designers’ design
productivity (Goldschmidt, 2014). This method has been extended by several researchers (Cai, Do & Zimring,
2010; Gero & Kan, 2017; van der Lugt, 2005) and is now an established method for studying design cognition
with quantitative and qualitative applications. In order to generate the linkograph, verbal utterances are
segmented into a chronology of ‘design moves’. A design move is defined as “a step, an act, an operation
which transforms the design situation relative to the state in which it was prior to that move” (Goldschmidt,
1995, p. 195). In this study, verbal utterances were parsed based on the participants’ turn-taking, which is a
common segmenting principal in team designing (Goldschmidt, 2014). After the verbal utterances have been
segmented into a sequence of design moves, a linkograph can be constructed by identifying the links between
these design moves (Goldschmidt, 2016).

In order to establish the links between moves, the researcher matches each move with its preceding moves to
determine whether a link between them exists (Goldschmidt, 2016). If a link is established, it is called a
backlink as it is directed back in time (Goldschmidt, 2016). After all the backlinks have been formed for a
design session, one can retroductively speak about a forward link between an earlier move and a move made
later in time. Goldschmidt (2014) claims that forelinks are manifestations of future-directed, divergent thinking,
while backlinks are manifestations of past-directed and convergent thinking patterns.

Moves that have been identified as having a significant number of backlinks and forelinks are labelled as
critical moves (Goldschmidt, 2016). In linkography, critical moves are significant because they are indicators
of a high level of interconnectivity between moves, which is typically how synthesis in design is established
(Goldschmidt, 2016). Figure 1 illustrates an example of a hypothetical linkograph that the researchers created
with the Linkographer software.

\ ¥
Forward link N %// - / €

Figure 1: Hypothetical linkograph to demonstrate backlinks, forelinks and critical moves

In Figure 1, the links between design moves are illustrated. In a linkograph, we can distinguish between four
different types of design moves: orphan moves (move 10), uni-directional moves (Moves 2, 3,5, 6 — 9, 11-12),
bidirectional moves (move 4) and critical moves (move 4). Orphan moves are unrelated to any previous or
future design moves. Unidirectional backlink moves imply that at the moment of their instantiation, the
participants were concentrating on what had transpired up to that point (Goldschmidt, 2014). Unidirectional
forelink moves imply that the participants are instantiating new thoughts that leave behind what has been done
thus far, but to which later moves might form links (Goldschmidt, 2014). Design move 4 is a bidirectional
design move because it backlinks to move 3 and 2, but also forelinks to move 5, 7, 8, 9, 11 and 12. If a move
contains both backlinks and forelinks, the move can be labelled as a bi-directional move. Bi-directional moves
suggest that the participants are planning ahead while still making sure that there is continuity between past
design moves (Goldschmidt, 2014). Bidirectional moves illustrate that the participants are exhibiting a rapid
shift between two modes of reasoning, namely, divergent and convergent thinking (Goldschmidt, 2016).
Critical moves are design moves that are rich in links to other moves and can be unidirectional or bidirectional.
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4. RESULTS

Figure 2: A Linkograph of the participants’ design session

The preliminary results of this study can best be presented in visual form. The linkograph, shown in Figure 2
not only allowed us to see at a glance at which points the participants continuously referred back to their
previous thoughts or discussions during designing, but also where new thoughts were instantiated throughout
the design process. A preliminary quantitative analysis of the types of design moves revealed that 59% of the
total 206 design moves were bidirectional design moves. This supports Goldschmidt’s (2014) findings, which
show that the proportion of bidirectional moves, close to two-thirds, is typical of novice designers. This begs
the question: is it an instinctive reaction within the design process, uninfluenced by the level of expertise, that
allows the designer to move with fluidity between the past and the future? Further research is necessary to
establish whether this trait is commonly to be found in the design process of novice designers, or if this has
been inculcated across years of unintentional design thinking during their school programme.

A further finding revealed that there were 20 critical forward linked design moves that emerged during
designing, in contrast to only two critical backward linked design moves. This suggests that the participants
engaged in more divergent thinking, with minimal convergence taking place. According to Goldschmidt’s
(2016) findings on professional design protocols, typical ratios of critical forward moves to critical backward
moves should be 60:40. Although the participants were engaged in the early phases of the design process,
which is known for idea generation phases, it appears that this group of participants paid less attention to taking
stock of their previous design moves. Although there were a total of 184 moves with backlinks (unidirectional
and bidirectional included) in the linkograph, only two were critical design moves. This suggests that the
participants generated ideas but did not necessarily develop, evaluate, or summarise them.

A final preliminary finding related to the participants’ information use revealed that the participants leaned
more heavily on external information sources (74% of design moves) than on internal information sources
(26% of design moves). External information sources comprised a design problem statement, pictorial
information (photographs and diagrams), physical objects, and the tangible external representations that they
made. Internal information comprised their STEM knowledge, previous experiences, and their design
intentions. Although the participants used their prior experiences with food containers extensively (17% of
design moves), they made limited interactions with STEM knowledge to make design choices (9% of design
moves). In Figure 3, the participants’ information use is visually represented with an archiograph on top of the
linkograph.
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Green Design problem
statement

Blue Internal sources

Purple Pictorial information

Black Physical objects
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Figure 3: The participants’ information use during the design process, illustrated with a Linkograph and an Archiograph

At first glance, Figure 3 reveals how different information sources were, perhaps, mechanisms for generating
the participants’ design moves. Future studies might want to investigate the nature of information sources in the
design task environment, and what role they play in learners’ reasoning processes.

5. DISCUSSION AND CONCLUSION

This paper has shown that what may be seen as a design activity by school children is, in fact, a complex
process that involves various backward and forward connection making. It is worth considering that the
deliberate enhancement of these processes through pedagogical expertise may deliver more expert results than
is generally expected of secondary school learners. This speaks to tertiary training and the design processes of
teachers as they create lesson plans structuring design activities and preparing information sources.

In this regard, this study has shown that external information sources are used extensively in the design process.
Therefore, it seems necessary that teachers should pay careful attention to the nature and quality of the
information sources that they provide for learners, as these sources facilitate learners’ thinking about their
design problem and solutions. The sources should not be the product of hasty lesson planning, but deserve to be
carefully thought through and judiciously selected based on their cognitive affordances in the design process.
In conclusion, the linkograph has been found to be a revolutionary tool in the analysis of the design process as
it accurately and efficiently represents the structure of learners’ reasoning during designing.
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Conceptualisation Processes and Making

Antti Pirhonen
University of Tampere, Tampere, Finland

For a couple of decades, the corporeality of human thought has been a mundane, if not dominating way
to conceptualise human cognition. Most notably, the notion of embodied cognition has gained popularity
among researchers of the human mind. Despite the recognition of the centrality of bodily experience in
human life, it has not had much impact on educational practices. In technology education the
applicability of embodied cognition and other related approaches is particularly clear. Acknowledging
bodily experiences as the basis for our conceptual systems implies the importance of the ability to
manipulate physical objects. Therefore, the cornerstone of technology education is the aspiration to
make and manipulate. This aspiration is important to be understood, supported and utilised in the
organisation of learning. Recent trends in any level of education have not stressed the empowerment of
the learners by resilient training. The discussion about the roles of technology and the human being
typically diminishes the human ability by arguing that tasks that can be performed by technology are no
longer necessary to be mastered by humans. However, in this position paper we argue that according to
the contemporary interpretation of embodied cognition, the gradual degradation of our ability to use our
body to manipulate our physical environment has inevitable consequences in our thought. If our
concepts are ultimately constituted on corporeal experiences, the fundamental function of educational
systems is to provide opportunities to acquire such abilities. Applying the proposed approach would
bring technology education into the very core of all education. On the other hand, the development of
technology education should stress the understanding of the physical reality of the real world, as well as
the role of the human being as a creative manipulator of the environment.

Key Words: Embodiment, Conceptualisation, Technology Education.

1. INTRODUCTION: BEYOND CARTESIAN DICHOTOMY

The fast change of lifestyles in the industrialised world has challenged many traditional conceptual frameworks
of human society. In many walks of life we implicitly recognise the inadequacy of established perspectives to
the world, thus acknowledging the need for new kinds of approaches. New approaches are necessary both in
understanding what is going on, and to be able to act in an appropriate manner. In other words, we need
concepts to analyse the contemporary world and means to have a desired effect on it.

In the current study education, more precisely learning theories and pedagogical practices have been chosen as
a perspective to the on-going changes in the world. The changing roles of human being and technology and the
changing role of school as a societal institution have direct reflections in how learning as a phenomenon
appears to us.

The conceptions about human learning are constituted on the basis of popular view as well as on academic
research. These two — the layman’s view and an academic one — were probably almost merging when B. F.
Skinner (1970) and other scientists introduced behaviourism as an all-embracing theory of learning. Ever since
the days of Skinner the research based view of learning and the popular view have diverged from each other.
After behaviourism, no theory of learning has truly found its way to the consciousness of the man-in-the street;
either theories of conditioning were simply so well received that it is difficult to fight back even after decades,
or the newer theories have turned out to be too difficult to be illustrated for general public. For instance, the
subjectivity of knowledge, the cornerstone of constructivism (Jonassen, 1991), is hard to find even in the
rhetoric of educationalists, not to speak about colloquial language.
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The discourses of learning and education typically contain features from both academia and common sense.
Everyone has been at school, and thus, has opinions about school and learning issues. Educationalists, who
should represent the research based view of learning, tend to participate in public discourse without making a
clear difference between the everyday conception of learning and learning as a theoretical concept. Far too
often, the confusion between the everyday view and a more analytical view (see e.g. Merriam & Caffarella,
1999; Ertmer & Newby, 1993) takes place where the theories are supposed to be applied: in school life.

It is interesting to reflect on recent trends in education and to consider these in light of recent developments,
particularly those in cognitive science. For instance, from the perspective of embodied cognition (Merleay-
Ponty, 1962; Radman, 2013; Rowlands, 2010; Varela, Thompson & Rosch, 1991) which has been a mainstream
paradigm in the conceptualisation of human beings for quite a while, the acknowledgement of the corporeality
of learning appears to exist in clear conflict with school practices in most countries in recent times. When the
paradigm of embodied cognition conceptualises corporeal experiences as the main constituents of our
conceptual systems, school practices appear to isolate learners further and further away from physical
experiences, replacing them with virtual substitutes.

According to the current understanding, learning is a gradual process, whereby knowledge is built upon the
basis of already existing concepts. This constructive learning process is highly contingent upon interaction with
the environment. Put simply, the conclusion is that the primary challenge of school education is to enable rich
interaction with the real world — the world within which an individual is physically, socially and culturally
located. Without physical experiences the construction of concepts is not possible. Even extremely theoretical
mathematical constructions are fundamentally based on concepts, which have a corporeal origin (Radman,
2013).

2. EMBODIMENT, LEARNING AND TECHNOLOGY EDUCATION

In schools, subjects are often categorised in terms of those that are theoretical and those that are practical. From
the proposed perspective, this type of division is inappropriate; there are no theoretical or conceptual entities
without origins in bodily experiences.

There are many schools and teachers whose pedagogy is based on deep understanding and experience of
learning as primarily an embodied phenomenon. Most notably, the acknowledgement of the primacy of
corporeal experience in learning appears in so-called alternative pedagogies, like pedagogies of Waldorf,
Montessori and Freinet. However, these pedagogies have not gained popularity among mainstream schools. On
the other hand, though stressing the importance of bodily experiences, the underlying philosophies of
alternative pedagogies still typically handle human learning, cognition and the body as discrete entities. The
unity of human being; the fundamentally bodily nature of the whole humanity should be articulated in a form
that would be comprehensible by educators on a large scale. Therefore, there is the need for a conceptual
framework within which the centrality of bodily experience in learning becomes evident and comprehended by
any professional educator.

The significance of the proposed approach is thus not limited to the community of educational research.
Spreading the understanding of learning as action contributes to the development of schools whose pedagogy is
not based on the out-dated Cartesian dichotomy to mind and the body, but on the unity of human being. In the
long run, in turn, changing schools implies the changing of the whole society.

In the current study, we are looking at the society from the perspective of basic education. As discussed above,
the significance and scope of the study is not limited to formal education, though. When investigating and
questioning current conceptions and practices, we inevitably discuss the relationship between human being and
all the artefacts that surround him or her (Parviainen, Pirhonen & Tuuri, 2013; Pirhonen, Parviainen & Tuuri,
2013; Tuuri, Parviainen & Pirhonen, 2017; Pirhonen, Maksimainen & Sillence, 2012; Pirhonen & Rousi, 2018).
Usually these artefacts can be categorised as technology. In other words, the proposed study goes deep in the
relationship between human and technology.
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In school context, the relationship between humans and technology takes various forms. We are talking about
our relationship with technology when discussing e.g. the ventilation of school buildings and the related health
issues. Likewise, when choosing the right kind of pen for each exercise (Mangen, 2016), it is a human-
technology related task. The acoustics of school buildings as well as their visual appearance are not only
aesthetical but also technical topics.

Recently the talk about schools and technology has been strongly biased to the utilisation of digital technology
(Pirhonen, 2010). In the current study, we are aiming at adopting a more holistic approach, handling everyday
school life as it really is, without prioritising certain form of technology. However, due to the penetration of
technology into all walks of life, the relationship between technology and us will be salient.

Technology related issues are present everyday in school life. A popular example of the importance of this
topic is the plethora of recent studies concerning reading and writing skills. We are talking about new literacy
and argue that new forms of writing are emerging. These fashionable approaches suffer, however, from a
relatively narrow and technology driven view of reading and writing. For instance, writing with pen and paper
vs. typing with a keyboard of a computer, are often treated as interchangeable activities. The application of
embodied view of human cognition reveals that these two are qualitatively essentially different and should
therefore be separated from each other in credible analysis of writing. In other words, typing and writing are
extremely different kind of activities for a human actor (e.g. Mangen, 2016).

In technology education, embodiment is an appropriate approach for a number of reasons:

(i)  Conceptualisation relating to e.g. technical, mathematical and physical objects is a basis for
technological problem solving.

As argued by Lakoff and Johnson (1980), our language, thought and conceptual system are
based on metaphors. By metaphor we do not refer to a simple, classical definition of it as a
‘figure of speech’. Rather, we take metaphor creation as a focal human strategy to adapt to the
environment by creating relevant concepts in each context on the basis of existing ones (see
e.g. Pirhonen, 2005). The ultimate concepts, in turn, stem directly from bodily experiences.

(i)  Manipulation of physical objects is essential in design and problem solving.
Acknowledging corporeal experiences as the focal element of human thought inevitably leads
to the conclusion that design and problem solving are fundamentally based on interaction
between human actor and physical objects.

(i)  Manual skills and the process of their acquisition are focal skills of thought.
Provided that human conceptualisation processes are based on bodily experiences, it is essential
to consider how those experiences can be acquired. A natural conclusion is that human ability
to interact with the environment is largely dependent on individual’s practical skills.

It appears that the major challenge of educators and researchers of education is to narrow the existing cap
between the scholastic view of human learning and the current educational practices. Since the essential
difference between the two currently seems to be in the role of human body and physical activity, it can be
argued that technology education would be an excellent candidate to pilot and illustrate a new kind of learning
paradigm: Technology education quite naturally embraces conceptual structures with physical applications and
relating physical activities.

The proposed, technology education driven approach to learning would contribute to the development of
theories and practices of education in many ways. We now focus on two things relating to the primacy of the
physical and their reflections on technology:

(i)  If the very concept of learning would be defined as an embodied phenomenon, the focus of interest
would shift from abstract concepts to real world events. A mundane example is the above-mentioned
writing; by stating what really happens in the writing process would reveal the determining role of
chosen writing technology. The traditional talk about writing as a process of formulating words and
sentences by following grammatical rules only provides a very limited view to writing. In the proposed,
embodied view even issues like the form of the pen and pen tip, required force, quality of paper, writing
position, lightning, ambient noise and other aspects of the writing environment, can be analysed in
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terms of writing experience. The related learning process concerns all of these and requires a lot of time
consuming exercise and efforts. The resulting skill is thus firmly bound to the physical body and
performance. The relating knowledge can largely be described as tacit. Going through such a process an
individual acquires important human capabilities to interact with the environment.

In other words: Even when discussing writing, in embodied view we are unable to pass by
technological discussion. In fact, embodied view of human learning inevitably makes technological and
other physical issues primary constituents of learning. Consequently, understanding one’s own learning
process requires understanding of technology even if this were not deliberately stated.

(i)  If the analysis of such an everyday activity as writing ends up to this important notion of the concept of
learning, how about the complex and demanding functions relating more exclusively to technology
education? A good example is woodcarving (Gulliksen, 2017) — how the process of manipulating the
material with hands and knife turns into an embodiment of humanity. The tools and the material
become an extension of cognition (Clark & Chalmers, 1998), and the physical outcome of the process
becomes part of the person’s identity.

The argument above is a result of considerations among scientists and philosophers of education over decades.
The same phenomenon has always been familiar to practitioners of education, like teachers of basic education:
When a pupil puts his or her heart into the creation of something, that thing inevitably becomes valuable for the
pupil. Sometimes teachers and even teacher educators understate the value of the physical outcome by using
clichés like “process is more important than product”. Experienced teachers, though, recognise the intense
relationship between the physical outcome of the process and the pupil.

3. DISCUSSION & CONCLUDING STATEMENTS

The difference between science and technology has often been discussed. A typical conclusion concerning the
characteristics of these phenomena is something like this: Science is how things are, while technology is how
things could be (see e.g. Dugger, 2010). In science, the data has been collected from the past circumstances.
Technology, in turn, has focus in the future. This simple characterisation of science and technology may
confuse especially those working in the field of educational science. Isn’t education, if anything, a science that
is future-oriented?

It appears that the decades long tendency in educational science to get scientific status has often led to
aspiration to adopt the paradigm of science from natural sciences. Sometimes, this approach has resulted in
ethically questionable conclusions. An educationalist with this kind of orientation may collect data from school
children in the middle of an evident disaster, return to the researcher’s nice and quiet office and make statistical
analysis of the data. Finally, the researcher publishes a report in which the researcher describes this as an
“interesting” phenomenon. It would be extremely “unscientific” to report that the school was a total disaster
and to suggest how things should be organised there.

If science is about how things are and technology how things could be, could technology education show the
way to combine the two? Could education be — like technology — about how things could be? Finally, could
technology education be the discipline to bring the concept of embodied cognition to all educational practices?
If yes, it would do a favour for the whole field of education and beyond.
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The Delft Research Programme on Design for Concept Learning

Marc J. de Vries
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Doing design activities in education has an intrinsic value: pupils learn how to design and they get an
understanding of the nature of designing and therefore also an understanding of technology. Doing
design activities also has an extrinsic value. Pupils also learn other things by designing. One of these
things is: concept understanding. This is the focus of the Delft University of Technology educational
research program, that is related to the teacher education program at this institute. The research is used to
feed courses in subject pedagogy for science and technology. Some studies have already been completed
and others are still ongoing. Some studies deal with primary education, others with secondary education.

Key Words: design-based learning, design-based research, concept learning.

1. INTRODUCTION

This paper aims to describe the STEM education research program that is currently executed at Delft University
of Technology, the Netherlands. The research programme supports the teacher education program for science,
mathematics and technology teachers. This paper does not describe a research study, but only presents a
snapshot of the research at Delft. In this paper the theoretical background for the programme will be discussed,
as well as the preferred methodology for our research, some first results will be reported and finally some
remarks will be made about the possible future of the program.

Design plays a vital role in the curricula for (design and) technology education in most countries today. Pupils
are challenged to come up with products and processes that are new, at least for them. This has not always been
the case. Originally it was particularly England and Wales that had design activities prominently in the
curriculum. No doubt the international contacts that emerged in the 1980s and onwards were one of the causes
for the dissemination of a design-based approach for technology education from England and Wales to many
other countries (De Vries, 2018). One obvious good reason for having design activities in the curriculum is that
design is one of the primary processes in technology and engineering. Being involved in design activities
provides an understanding in one of the most important features of technology and engineering. Even when
technological literacy is taken as the most important goal of technology, which implies a consumer rather than a
developer perspective, it still makes good sense to have design in the curriculum, because critical consumership
is not well possible without an understanding of technology and design as constant decision making based on
considerations in which all sorts of values play a role. The importance of design as an element in the curriculum
becomes even stronger when (design and) technology education is also seen as an orientation on technology
and engineering as options for a future study an career. In summary, the intrinsic motivation for having design
in the curriculum for (design and) technology education is evident.

There are, however, also extrinsic motivations for having pupils perform design activities in class. One of these
is the assumption that design is a process in which knowledge plays a role. This knowledge can be of different
natures. For a long time it was thought that technology was merely the application of knowledge for natural
sciences. Even though philosophy of technology has falsified that view, the use of scientific knowledge in
design is still present in many cases of technological developments. What we have come to see more and more
is that technology also has its own knowledge domain, other than science. That knowledge also interacts with
the process of design. Furthermore there can be knowledge of other academic disciplines than natural sciences,
like psychology, economy, law, ethics, aesthetics, etcetera. It is this rich combination of knowledge involved in
design that makes design an attractive pedagogical strategy for learning that knowledge. Design is a process in
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which knowledge and understanding that was previously learnt can be deepened and enriched, but also new
knowledge can be learnt through design.

This two-way interaction between design and knowledge of various kinds made design attractive as a focus for
a research programme particularly in the setting of the Science and Communication (SEC; see
https://www.tudelft.nl/en/faculty-of-applied-sciences/about-faculty/departments/science-education-and-
communication/) Department at the Delft University of Technology (Faculty of Applied Sciences). Although
the name does not carry that message well, science as well as technology education belong to the task fields of
this group. The task of this group is threefold: teacher education, educational research to support this teacher
education, and activities for further professionalization of teachers. The scope of these tasks cover the whole
range of STEM disciplines. There are specialisations for physics education, chemistry education, mathematics
education, information/computer education, technology education and two integrated STEM subjects in the
Dutch curriculum (Nature, Life and Technology, http://betavak-nlt.nl/nl/p/vereniging-nlt/, in upper secondary
school and Research & Design in so-called Technasium secondary schools,
https://en.wikipedia.org/wiki/Technasium). Another reason for design being attractive as a research focus for
this group is the institutional environment: there is ample experience in design within the Delft University of
Technology. In the Faculty of Industrial Design there is even a Department for Design Methodology. Also there
is a network of colleagues who are involved in the teaching of design-based courses and projects in the various
faculties (like mechanical engineering, electrical engineering, architecture, air and space engineering, maritime
engineering and civil engineering). Since 2008, a research program has been developed in the SEC group that
focuses on design activities as a pedagogical strategy for concept learning. Both permanent staff and Ph.D.
students and postdocs are involved in this research program. First Ph.D. theses have already been defended
successfully and members of the team have contributed to science, mathematics and technology education
conferences.

2. LITERATURE REVIEW

There is not that much research about design-based concept learning and so far the outcomes are ambivalent.
Some studies suggest that pupils do learn concepts by design, but they do not provide evidence that design-
based learning gives better results than traditional lecture-based learning. Theoretically there are reasons for
expecting better learning by using design activities. One reason is that design provides good opportunities for
realising cognitive conflicts between pupils’ intuitive (but wrong) ideas (‘misconceptions’) and reality
(Akpinar, Erol & Aydogdua, 2009). For instance, when pupils start designing a boat based on the assumption
that big objects (like the big tanker they may have seen recently) will float and small objects (like the nail that
they recently dropped in the water) sink, this will probably lead to failing designs. Pupils will be confronted
with a clash between their intuitive notions on sinking and floating and the reality of sinking and floating that is
scientifically described in Archimedes’ law. This experience will make them willing to ‘unfreeze’ their
intuitively developed ideas and start investigating how it really works. Thus the expectation is that they will
learn the concepts involved in more engaging way than in a ‘dry’ experiment or by written work. It remains to
be seen, however, if pupils really recognize this alternative way of making the design work, or if they will seek
new trial-and-error based ways of searching. If the project is such that this kind of behaviour is rewarded
because it does lead to success, then of course the design-based approach does not lead to any improved
concept learning. Thus the design-based approach fits in a constructivist ideal in which pupils actively (re-
)eonstruct their conceptions. The fact that one concept can be used in different consecutive design projects
makes it also suitable for the concept-context approach that is promoted in science education nowadays (Pilot
& Bulte, 2006). Design is then a context in the sense of a social practice in which pupils can participate.

In the Learning-By-Design project that was led by Janet Kolodner, a substantial effort was made to investigate
the effect of design-based learning (Kolodner, 2002). One of the primary findings of that project was that
probably the teachers is the key to successful design-based learning. If (s)he does not actively evoke the use of
concepts in the design process, pupils will not use them. At the time the Delft research program started, there
was not yet evidence that a more active teacher role did indeed result in better concept learning. Part of our
research focused on finding that evidence.

If indeed the teacher is so important for design-based concept learning, then it becomes crucial that the teachers
have adequate Pedagogical Content Knowledge (PCK) that enables them to conduct design-based concept
learning processes. For that reason, PCK became an important topic in the SEC research program. PCK is a
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concept that is still in development. It is the personal knowledge a teacher has based on which (s)he develops
and realises education (Shulman, 1986). One conceptually confusing aspect in the PCK terminology is the use
of the word ‘knowledge’. In epistemology this term is differentiated from ‘belief’. One may believe all sorts of
things, but only a subset of those beliefs can be justifiably called ‘knowledge’. The whole history of
epistemology is to find the criteria that determine the difference between ‘merely a belief” and ‘knowledge’. It
is only the stern sceptics that will hold the opinion that there is no difference, but most philosophers see the
need to make a distinction, whatever it may be. In the PCK discussions this need seems to be absent. Any belief
teachers hold about the education of their specific discipline is seen as part of his/her PCK. In principle that it
fine, but then the term Pedagogical Content Belief would be more appropriate, at least philosophically.
Nevertheless, the PCK literature is quite relevant for research into design-based concept learning, particularly
in the light of Kolodner’s finding that teachers are an extremely relevant factor in the process.

3. METHODOLOGY

In the SEC research program for educational research there is a strong preference for design-based research.
This is, of course, not necessarily the consequence of the fact that the research is about design. There are good
options for doing research about design in classes other than design-based research, and there are present also
within the SEC research program. What makes design-based research attractive is it direct impact on
educational practice. Design-based research always has a twofold aim: providing new theoretical insights and
delivering improved practice (The Design-Based Research Collective, 2003). Design-based research is a sort of
engineering approach to research. Much of education research is purely descriptive, like natural science
research is. It is concerned with reality as it is, not reality as we want to make it. There is, no doubt, good use
for descriptive research in educational sciences. Without an understanding of how people think and learn, it is
difficult to make sophisticated changed. But it can be questioned if a full understanding is necessary before
making changes. Sometimes intuitive notions can already be sufficient to make a decent start. In the end,
educational sciences ought to be directed towards changing reality, and in that respect the engineering sciences
are a better role model for them than the natural sciences (alternatively one can think of the medical sciences as
an appropriate role model for the educational sciences).

Design-based research is like engineering. First a prototype is developed, based on available insights. Then the
prototype is tested for its functioning. Then the engineers start making systematic variations to investigates the
influence of different variables on the functioning of the prototype. Some variables may appear to have little or
no influence. That is nice for the designers, because it gives then freedom to give that variable a value that fits
with other needs than functioning. Those variables that do matter, can be given what experimentally appears to
be their optimal value and thus the prototype is improved stepwise until time and money is up and the prototype
is declared the final design. In education, the situation is often more complex, as many variables are related and
one cannot always nicely change one variable and leave all the others untouched. That is why design-based
research is sometimes seen as methodologically inferior to experimental settings where an artificial situation is
created in which there is more control over the variables. It can be questioned, though, if that is really the case,
because even in an experimental or quasi-experimental research setup it is difficult to separate and control all
variables.

Design-based research can only be done fruitfully in close cooperation with practitioners. That is why it is
attractive to do it in the context of a teacher education program that also provides further professionalization
activities. Student-teachers spend part of their time in schools getting their first experiences in teaching. That
provides a wonderful opportunity for design-based research, as these student-teachers can take ‘prototype’
activities to their schools, teach them, and then collect data about what happened. These data can both be used
by themselves, as a small research assignment is part of their teacher education program. But also the Ph.D.
students in the program can use those data, and often they are the ones that have supervised the student-teachers
in developing and executing the ‘prototype’ activities. Alternatively, the permanent staff that teaches the
subject-specific pedagogy courses can play that supervising role and embed the design activity in those courses.
Thus, different activities and actors get connected and become one coherent totality.
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4. PRELIMINARY RESULTS

The most extensive study in the program so far was a Ph.D. thesis on design-based concept learning in physics
education, both at the level of teacher education and at the level of secondary education. The study showed that
Kolodner’s suggestion to give the teacher a more active role indeed resulted in improved concept learning (Van
Breukelen, 2017). Most studies in the program are still ongoing. One study is involved with the role of
formative assessment in design-based concept learning and the way this can be enhanced in the PCK that
teachers have. This study is done in the context of chemistry education. The researcher, a Ph.D. student,
worked with Professional Learning Communities (PLCs) consisting a chemistry teachers. Under guidance of
the Ph.D. researcher, the teachers developed a project for designing toothpaste and in another PLC they
developed a project for designing a cup that can heat the liquid in it by a chemical reaction of the materials in
the side of the cup. By observing and interviewing the teachers she found first suggestions that working in a
PLC enhances the participants’ PCK that is needed for using formative assessment in design-based concept
learning (Stammes et al., 2018). Another study, again for chemistry education, focuses on scaffolding as a
pedagogical strategy that can support design-based concept learning. For this study there are no data yet.

A study on design-based learning in primary education was conducted regarding the concept of systems (Koski,
2014). It appeared that young children had difficulties in recognizing the systems notion in complex objects.
The researcher developed an activity that was tried out by both an experienced primary teacher and a student-
teacher and both felt comfortable in working with this activity. There were also indications that the children
developed first notions of the system character of the device they developed.

5. DISCUSSION

From the beginning of the SEC educational research programme, there has been a place for studies that were
more loosely related to design-based learning or even outside this scope. Several studies are concerned with
primary education. Those are embedded in the Science Hub that develops activities for primary teachers on
design. There is, however, no teacher education related to those activities, like with the secondary education
oriented part of the SEC activities. Therefore the need to have a link with concept learning is less prominent
and other interesting issues can be chosen for research. In this case, we have studies into the development of
creativity through design, studies into the early phases of design and how to get young children involved in
those early phases, and design-based studies that aim at developing a toolbox for primary teachers that enables
them to conduct design projects in which children design for external partners (this project is done in
cooperation with the Faculty of Industrial Design).

Other studies that are more loosely related to the program core are those into gamification in physics education
(that project is related to concept learning, but not to design) and practical experiments in physics education and
their contribution to learning how to argue properly about data. Another current study deals with the problem of
transfer from mathematics to physics pupils have. A recently finished Ph.D. project dealt with the extent to
which curricula in secondary and tertiary (engineering) education presented a realistic image of technology and
engineering (Ghaemi Nia, 2017). The presence of design played an important role in that study, but it did not
involve classroom activities and thus was not of a design-based nature. Finally there is a still ongoing study into
pupils’ and teachers’ perceptions about integrating design and research activities (particularly in the context of
the new Dutch integrated STEM school subjects Nature; Life and Technology, and Research & Design). A
remarkable first outcome of this study was that pupils strongly prefer to do design above research (Vossen et al,
2018). Apparently they did not get any chance yet in the curriculum to experience that investigating can be as
exciting as designing, assuming that there is not already a ‘correct answer’ in the book.

It is and always will be a challenge to find a balance between guarding the focus of the research program and
preventing that the number of projects that are only indirectly related, or even unrelated, to the program core
will increase to such an extent that the focus is hardly recognizable. Yet, for funding we are dependent on
opportunities that are offered nationally.

Another challenge is the relation with the other half of SEC, namely the Science Communication component.
This component has a separate track in the SEC master program (of which the Science Education track is the
teacher education program), and also a research program to support that. The focus for the Science
Communication program is not, as one may expect based on intuitive associations, popularization of science
and technology, but strategic communication in technological innovation. The combination of education and
communication is interesting because there is obviously a communication dimension in education and an
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educational dimension in strategic communication in technological developments. We have already explored
what possibilities this can provide in terms of common themes and interests (which has led to a publication in
the Sense International Technology Education Studies series; De Vries & Van der Sanden, 2016) and now try
to elaborate the idea of using communication in innovation as a common theme for both SEC components.
Strategic communication is as important in educational innovations as it is in industrial and business
innovations, and therefore we see challenges in exploiting this communality between science education and
science communication for further research.

As this paper did not describe a research study, there is no conclusion to be drawn in the formal sense, but
hopefully the description given above has provided an insight into the way at Delft University of Technology
we use educational research to support teacher education. By involving staff, master students, Ph.D. students,
teachers in schools in our research and by choosing primarily for design-based research, we experience our
research as a positive input for our teacher education program. It almost feels like a bonus that it also results in
academic publications, because our first aim is to improve education. Of course we are aware of the fact that
for further dissemination the academic publications are valuable, and particularly for the Ph.D. students it is a
must to have journal articles as output and basis for their theses. Still, the improvement of educational practice
remains our primary motive for doing educational research and in that sense we believe our educational
research programme fulfils a useful function.
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The dyad “programming environment” and “programmable device (e.g., robot)” in the educational scene
underwent several transformations in configuration over almost fifty years, since the first programmable
floor turtles appeared. From the turtle’s migration to the screen, through its revival as physical device in
the Lego-Logo system (and subsequent descendants), the loss of the robot’s “umbilical cord” when
communication became wireless (adding spatial flexibility and freedom to the robot’s navigation but at
the same time challenging children’s understanding of the communication and control process), and
currently the transition to the mobile, “almost wearable” programming environment. Each transition
brought about new questions about children’s understanding and learning. The interaction with
technology allows kindergarten children to explore and be engaged in technological thinking and to
construct a solid basis for the development of complex ideas, through direct manipulation of physical
objects. The Kinderbot environment scaffolds this learning experience by providing tools to think and
experiment with, as well as a structured pedagogical program. Originally designed as a desktop
environment, recently a mobile version of Kinderbot has been developed and implemented. The findings
from the initial comparison between the desktop and mobile experiences, reported in this paper, outline
three key themes. The first concerns the perspective of the child programmer: In mobile programming
separation and delays characterizing desktop program-first-then-run disappear and spatial perspectives
become unified — the programmer is able to enact the robot’s behaviour while programing “in situ”,
where the action is. The programming environment becomes “almost wearable” accompanying the
programmer and the robot in the physical space while the actual commands are executed. The second
focuses on differences among desktop and mobile programming in different phases and modes in the
programing experience. The third theme relates to differences in aspects of collaborative programing
processes.

Key Words: Mobile programming, enacted programming, educational robotics

1. RATIONAL AND BACKGROUND

Over the past 50 years, since the introduction of the programmable floor turtle, the dyad “programming
environment” and “programmable device” (e.g., robot) in the educational scene underwent several
transformations in configuratiori (Resnick & Silverman, 2005). These transformations included stages such as:
The turtle’s migration to the screen (e.g., first as in Logo, and more recently in Scratch and Scratch Junior); its
revival as a physical device in the Lego-Logo and subsequent systems (e.g. Control Lab, generations of Lego
programmable bricks, and KIBO); the loss of the robot’s “umbilical cord” when communication became
wireless (adding spatial flexibility and freedom to the robot’s navigation but at the same time challenging
children’s understanding of the communication and control process); the introduction of tangible programming
which allowed to replace the mouse and keyboard with tangible manipulatives (e.g., “smart” blocks, Belk,
2013; wooden puzzle pieces, Rave & Mioduser, 2014); and recently, the transition to mobile programming
environments. Each transition brought about new questions about children’s understanding and learning.

Mobile devices have vast potential for supporting learning and learners. They have become a significant part of
daily life, integrating seamlessly with a range of common activities to the point of being regarded as MindTools
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and as “extensions of the self" (Belk, 2013; Resnick & Silverman, 2005). The qualities of mobile devices in the
context of learning and above all, the fact that unlike a desktop computer, they do not constrain the learner to a
fixed location, may transform how the child programmer experiences physical behaving devices. Our current
research aims to gain understanding of children’s programming experience with a mobile
learning/programming environment used in kindergartens (the Kinderbot system) compared to their experience
using a desktop-based version of the system. The preliminary findings reported here, unveil major themes and
questions arising from the “migration” from desktop to mobile, and suggest directions for further research.

The main question addressed was: What characterizes children’s programming (concerning, e.g., skills,
strategies, collaborative work) in the transition from a desktop-based to a mobile programming environment?

2. METHOD
2.1 The programming environment

“Kinderbot”, the programming environment used by the children in this study, has been designed to support
and scaffold the acquisition of basic programming concepts, and to advance the technological thinking of
kindergarten children. Rooted in Papert’s constructionist vision, and his conception of the learning value of the
combination of the physical programmable "Turtle" with the Logo programming language, the environment
combines symbolic and physical components and allows for playful investigations of both abstract and concrete
concepts (Papert, 1980; Mioduser, Levy & Talis, 2009). Kinderbot was originally designed as a desktop
programming environment; recently, a mobile (tablet) version has been developed.

The system comprises a (virtual) programming environment, a (physical) robot (built using Lego’s EV3
programmable brick), and (physical) landscapes for the robot’s navigation. The visual user interface (Figure 1)
allows the programmer to control the robot’s behavior by constructing programs using icons that represent
inputs (e.g., incoming from a touch or distance sensor), outputs (e.g. movements based on activating motors),
and configurations of inputs and outputs (e.g., a linear sequence of instructions, a conditional statement). The
programming sequence is structured in modes of increasing difficulty (shown at the right of the Figure). The
basic modes (1-3) focus on acquiring the basic competencies of controlling the robot and sequencing
commands (from immediate mode activation up to creating a script for further running). The more advanced
modes introduce the definition of routines (mode 4) and rules of increasing complexity linking between
measured inputs and outputs (modes 5-7). The structure and use of the environment are similar on both the
desktop and mobile versions, aside for the touch operation modality (e.g., tapping, dragging) in the mobile
version. In this paper, we focus on the children’s experience using the first three modes - as they form the basis
for acquiring the symbolic language for controlling the robot’s behavior (Mioduser & Levy, 2010).
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Figure 1: the icon based Kinderbot Ul
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2.2 Data collection

Data collection was conducted by means of: (a) observations of children’s performance; and (b) semi-structured
interviews with four teachers who use the programming environment in their kindergartens. In the following
preliminary data and its analysis are presented.

Naturalistic observations of ten children (age 5-6) in regular kindergarten setting engaged with the mobile and
desktop environments were conducted. Each observation session was 20-30 minutes long, the children were
observed while constructing routes and creating narrative contexts for the robots to travel through. Concerning
ethical issues, the study was conducted in a kindergarten which takes part in a comprehensive project called
“Developing Technological Thinking”. Parents approved the participation of their children in the studies as
well as the use of photography for research and academic purposes.

The teacher interviews focused on issues such as the way children manipulate the mobile device, their posture
and position relative to the robot’s navigation, their displacement in space, mistakes made, and communication
issues. The mobile version of the environment has been initially implemented in two kindergartens. Hence, two
teachers had experience with both the desktop and mobile environment while the other two had experience only
with the desktop environment. The two teachers who had experience with both environments were also asked
to describe their understanding and insights concerning the differences in the programming experience.

3. FINDINGS

The following three main themes arose from the analysis of the data and the comparison of the desktop and
mobile experience: Changes in the programmer’s perspective; changes in foci and learning patterns in
programming; changes in patterns of collaboration among peers while programming.

3.1 Theme one - changes in programmers’ perspectives

In the desktop mode, there is a physical separation between the location of the computer and that of the robot.
The programmer must face the computer screen for entering the commands, while the robot is in a distant
position. It even may be pointing to a different direction than the indicated by the commands in the computer
screen, meaning that, e.g., it’s “ahead” and the “ahead” icon (pointing upwards in the screen) differ in spatial
configuration. Hence, to control the robot and to provide commands for its movements, the programmer needs
to be able to visualize the robot’s perspective while sitting in front of the computer screen. A common strategy
that children naturally apply, is to move back and forth between the two spatial worlds: the screen
programming environment and the physical robot’s scene - thus switching cyclically between the
physical/concrete environment to the virtual/abstract environment.

In contrast, with the mobile interface, the programmers naturally tend to take position in the vicinity of the
robot facing the same direction as the robot, thus taking the perspective of the robot and following its
movements while the commands are performed. In other words, the physical distance and gaps in orientation
between the programming environment and the programmed object becomes minimal, and the separation
(spatial, and in some modes also temporal) between the symbolic creation of the action and the physical
execution of the action is negligible.

Figure 2: Switching perspectives while programming using the desktop version
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In previous studies conducted with the desktop programming interface, away from the robot and its physical
environment, the integration between the symbolic description of the expected behavior and its physical
instantiation was constructed iteratively in the programmer’s mind, in a process marked with spatial and
temporal delays between the two. In mobile programming these delays disappear, and moreover, the spatial
perspectives become unified - the programmer can enact the robot’s behavior while programming “in situ”,
where the action takes place. This brings as close as possible the three components of the symbolic-concrete
dialog: playing the robot, describing its desired behavior with symbols and following its actual behavior (Fig.
3).

Figure 3: Using Kinderbot mobile
3.2 Theme two - changes in foci and learning patterns in different programming modes

The desktop and mobile modes of Kinderbot share the same logic and structure, yet several differences were
noted in the ways in which the programming was carried out by programmers on the different platforms.
Following is a comparison of children’s performances in the three basic modes of programming between the
platforms.

3.2.1 Programming mode one: Immediate execution command-by-command

The first programming mode allows the learner to get acquainted with the basic robot-controlling commands.
The four controls introduced in this mode are simple manipulation commands, represented by four arrow-
shaped icons for “forward”, “backward”, “turn right” and “turn left” actions (see Figure 1). Each command
symbolizes a single step of the robot in the physical world. For example, in order to program the robot to take
two steps forward and a step to the left - the commands would be: forward, forward, turn left, forward.
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In the desktop platform, this phase is usually quite brief, ending once the programmer has grasped the use of
the controllers. For example, the programmer needs to understand that selecting a vertical sign for “up” (1) on
the user interface, will translate into a horizontal step “forward” of the robot in the physical world.

In the mobile version, controlling the robot seems even simpler and more intuitive than in the desktop interface.
Overall, the experience of the first mode is quite similar to that of using a remotely controlled vehicle (the
tablet functioning as the remote control), an experience that many kindergarten children are already familiar
with. The programmer is standing near the programmable robot and has eye contact with it and with the
immediate result of running a command. Since the programmer is facing the same direction as the robot, she/he
is not required to a change in perspective or a mental visualization of the robot’s navigation - their perspectives
are the same (Figure 3 a,b). However, some children capable of maintaining an appropriate mental model of the
spatial behavior of the robot, chose to do the programming while sitting in one fixed spot (Figure 3c).

For all children using the mobile platform, the first mode’s stage became extremely brief and was quickly
exhausted as the programmers grasped almost immediately the concept of how to control the physical robot and
is ready to move on.

3.2.2 Mode two. Immediate execution of a sequence of commands.

During the second programming mode, the programmer is introduced to the notion of sequencing commands.
In this phase, similarly to the previous mode, each command is carried out immediately, in real time, so the
programmers can view the immediate outcome of their chosen command. In other words, there is no delay
between the symbolic action and the physical action. However, unlike the previous mode, each command is
stored in an instructions line, forming a visual representation of the sequence performed — this is a program
which remains on the screen and can be activated repeatedly.

A sample task in this mode is the one in which the robot must be programmed to navigate a path, while
avoiding various obstacles. The navigation sequence is executed immediately, step by step, while being
constructed, but it is also being recorded. The program can then be executed, debugged and modified. Thus, the
learners experience and experiment with the different commands and their immediate effect on the physical
environment, as well as with the idea of constructing a program that can be further executed again and again.

On the desktop platform, the programmers need to continually adjust their perspective while working in the
computer screen, to the robot’s perspective. For example, at some point, the programmer’s left may be the
robot’s right and vice versa. For a script requiring multiple steps, they also should be able to estimate the actual
distances and the number of steps needed to cover it, given the length of a single step. In addition, given that
the robot acts in a concrete physical environment, several factors (e.g., friction, delays) might affect its
functioning, generating confusing gaps between the expected (programmed) and the actual behavior. As a
result, the programmer using the desktop platform is extensively engaged in cycles of trial and error and
debugging.

In the mobile version, since the execution is immediate, there is lesser need for prediction and planning. In
addition, less debugging is required as the programmer is effectively following the robot in each step with
lesser need to accommodate between the robot’s point of view and her/his own, or to preplan the next move.
The result is that this mode (as the previous) is exhausted in a few cycles and the programmers seem to arrive
to the next mode sooner. However, the price is that children spend less time handling challenges or engaging in
debugging procedures.

3.2.3 Mode three: planning and programming a script

In this phase, the programmer is introduced to preplanning a sequence of commands (a script). Similar to mode
two, the objective here is to program the robot to navigate a complex path. However, unlike the previous phase,
a sequence of commands will be executed only after a fully program is created and saved. In order to construct
the sequence, the programmer is required to use strategies that involve decomposing the problem,
reconstructing it modularly, and planning several steps ahead (anticipation). Once the sequence is executed, it
may need to be adjusted using different debugging strategies.
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In the desktop platform, the progression to this phase is natural while in the mobile platform this mode seems to
pose a substantial challenge. We observed that programmers in the mobile platform pass through the first two
modes of programming (i.e., initial learning of the controls and initial sequencing of commands) very briefly,
as they seem to pose less of a challenge than on the desktop platform. As a result, programmers arrive to the
third phase (involving programming of a script) sooner but having spent less time experimenting and
developing necessary knowledge. Although not systematically measured by the educational teams in the
kindergartens, their observations were that this phase requires more scaffolding on the mobile programming
experience in comparison to the desktop experience.

An interesting difference between the desktop and mobile experience relates to debugging. In desktop
programming in which the programming environment is spatially detached from the behaving robot, children’s
main debugging strategy was “replacement”: after observing a robot’s undesired move, they replaced the
instruction causing the (wrong) move by another one. In mobile programming, where the children followed
closely the robot’s movements, the main strategy was “counterbalancing”: not replacing but adding an
instruction aimed to correct the wrong move. The result was a sort of continuous “real time” debugging
process.

3.3 Theme three - changes in patterns of collaboration among peers while programming

Teamwork and collaboration processes implicated interesting differences between the two modalities of work.
In desktop programming, collaboration between peers developed naturally and was essential, due to the
different spatial positioning of the robot and the computer which require a dual perspective. As a result, team
work evolves: while one child sits by the computer and enters commands, her/his peers stand by the robot and
reports on the outcomes of the commands or programs suggesting further actions. A natural “division of labor”
and configuration of complementary perspectives emerge, as one child takes the perspective of the robot while
the other takes the one of the programmer. The children arrive to the desired results together, through
discussion and collaboration. In addition to the dual perspective collaboration, in some cases two programmers
sit jointly by the computer and discuss the programming scenario and issues (e.g., the number of steps or turns
needed to complete the task). The navigation track is also often constructed collaboratively by peers discussing
its path or the location of obstacles in it. Sometimes the track is built or adjusted dynamically, during the
programming session, by several learners in a collaborative process.

Due to the nature of the mobile device, the programming process is more individual in nature. The mobile
programming environment is in a handheld, personal device and it is not well suited for manipulation by more
than one person. In addition, unlike the desktop scenario described above, the person holding the mobile
programming environment stand by herself/himself just with the robot, following its behavior and grasping in
real time the bugs to be fixed. However, some forms of collaboration emerge, as other children wish to be
involved and actively look for ways to contribute. Most of the collaboration on the mobile mode revolves
around the construction of the navigation track for the robot; children participate by adding obstacles, preparing
signs (beginning, end etc.) and discussing potential scenarios for enhancing the track (Figure 3d).

4. CONCLUDING REMARKS

The interaction with technology allows kindergarten children to be engaged in technological thinking and to
construct a solid basis for the development of complex ideas, through direct manipulation of physical objects
(Levy & Mioduser, 2010). The programming environment scaffolds this learning experience by providing tools
to think and experiment with. Originally designed as a desktop environment, a mobile version has been recently
developed and implemented. The initial findings from the comparison between the desktop and mobile
experiences outline key themes that should serve as basis for further systematic research.

The emotional aspects of using the mobile based programming environment should also be further explored.
The use of mobile devices creates a new kind of intimacy (Belk, 2013; Turkle, 2008) and further research
should explore the implications of the apparent closeness between child and robot. For example, past studies on
the desktop environment, found that after some engagement with the robot, children develop a technological -as
opposed to an intentional-psychological- perspective towards the robot and relate to the robot as a technical
construct and not as an entity with personal will or wish (Ackermann, 1991; Kuperman & Mioduser, 2012).
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The mobile, often dubbed as an extension of the self, minimizes the physical distance and separation between
the child and robot and this may affect her/his perception of the robot.

Although beyond the scope of this paper, we are aware that the advanced phases of programming as well,
dealing with rule and adaptive behavior based on incoming data (via the sensors) should also be examined in
depth. Reaching a deeper understanding of the different aspects of the mobile programming experience, may
contribute to the design of environments that make use of the unique affordances of the mobile device.

The results of this preliminary study have practical implications as well. The mobile version of the robotic
environment is currently in use by several kindergartens in our project. Many of the reported observations will
serve as basis for the further design of tasks emphasizing the unique opportunities afforded by the mobile
modality.
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This study elaborates educational design principles for teaching science and technology in early
childhood education. A model of how children learn science and technology in early childhood
education is developed from literature. ‘Play’, in the form of role play and simulating job situations in
science and engineering, is an important characteristic of the model. At several early childhood
education settings pre-school day care, Kindergarten and Grade 1, professional learning communities
were formed to develop and implement educational activities and reflect on the outcomes. Seven
conjectures are presented that explain problems and suggest strategies for educational design. Replace
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1. INTRODUCTION
1.1. Aspirations of young people for science and technology

In many OECD countries, less young people aspire to become an engineer or a technician than there are
vacancies. This worries not only people in business but also politicians, since modern-day society relies heavily
on science and technology and old and new technologies impact the life of all citizens (European Commission,
2015). New technological professions are emerging (cf. Susskind & Susskind, 2015; Kelly, 2016) that might
well suit young people’s aspirations, if only they would new. However, many young people’s choices are
influenced by a rather negative, stereotyped, incomplete and outdated representation of jobs in this area and of
perceptions that science and technology is difficult and not connected to everyday life (cf. Aspires, 2013;
Potvin & Hasni, 2014; Ardies, 2015). Attempts to redress this often focus on ‘end-of-pipe’ solutions, at the
moment when young adults choose which professional or academic degree programs and careers to pursue after
secondary school. Although this is a valid approach, it may not have a significant effect, since many teachers
and schools communicate another, less inspiring message. Research indicates that children, especially girls, can
close their minds to science and technology early in life, often under the influence of parents and teachers who
do not have a positive attitude towards science and technology (Turner & Ireson, 2010; Van Aalderen-Smeets
& Walma van der Molen, 2013; Van Tuijl, Walma van der Molen & Grol, 2014; Corneliussen, 2014)). The
challenge thus is to start at an early age and to achieve a positive instead of a negative attitude towards science
and technology.

1.2. Science and technology in the Netherlands in primary education

In this study, we focus on early childhood education in the Netherlands with respect to both science and
technology, since in the Dutch foundation and primary curriculum these domains are not separated into
different subjects. In the Netherlands, the starting situation is challenging. The percentage of students that enrol
in higher academic or vocational degree programs related to science and technology is 25%, which is
considerably lower than the OECD average of 40% (Techniekpact, 2016). Queries conducted by TIMSS
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(Meelissen et al., 2012) and the Netherlands Inspectorate of Education (2017) indicate that the amount of
teaching time devoted to science and technology in primary schools is about 4%, compared to 10% as the
average in OECD countries. 13% of teachers never engage in hands-on science and technology activities.
Inquiry- or design-based teaching pedagogies are employed by only 5% of teachers. This last number is
important, since the science and technology core objectives explicitly stimulate primary education to develop
skills for design and for inquiry, whereas there is little stress on development of knowledge and concepts (see
Table 1). Unlike many other countries, the Netherlands does not have a predetermined curriculum with
mandatory topics to be taught or certain concepts to be developed. The core objectives tend to be broad and
generic, allowing schools the freedom to make their own specific choices.

Table 1. Core objectives of Dutch primary education (Greven & Letschert, 2006)

42 The pupils learn to investigate materials and physical phenomena, such as light, sound, electricity, power, magnetism,
and temperature.

44 Concerning products from their own environment, the pupils learn to find connections between form, material use, and
the way things work.

45 The pupils learn to design, realise and evaluate solutions for technical problems.

Since science and technology is not included in the national testing system and was until recently not a topic for
assessment of the quality of schools by the governmental agency for this (the Netherlands Inspectorate of
Education), little data are available on what is done and on what is achieved. However, comparative studies
such as PISA and TIMSS reveal that cognitive performance of Dutch students is in constant decline, which was
recently confirmed in an official report on the state of Dutch education by the Netherlands Inspectorate of
Education (2018). Notwithstanding these problems, there is considerable enthusiasm and support in primary
schools for strengthening science and technology. In 2013, a so-called Technology Pact was signed by
representatives of government, business and education, in which primary education expressed the intention to
implement science and technology by 2020 (Techniekpact, 2016). Most schools and teachers back this
intention, but they also point to difficulties with transforming the current curricular freedom into concrete
outcomes in a domain in which many teachers feel very insecure (cf. AVS, 2017).

This information pertains to primary schools. No such information with respect to science and technology is
available for day care, but it is known that professionals working in day care and Kindergarten in general have
a ‘non-tech’ mentality (YoungWorks, 2016). There is little reason to expect that science and technology have a
more significant place in pre-school day care settings than in primary schools.

1.3. Context and aim of this study

Windesheim Flevoland is a recently (2010) established University of Applied Science near Amsterdam, in a
reclaimed land area that was the ‘bottom of the sea’ until the nineteen sixties. It has a Bachelor’s Degree
program for teaching in primary education. In 2018, a new Associate Degree program for educational
professionals in day care and in schools will take off. These programs should be informed by practice-based
research. In order to improve the current situation sketched above and allow children, in the long run, to make
career choices based on personal and valid experiences with science and technology instead of on incomplete
representations or prejudice, we started an educational development and research project called ‘Learning from
play’, for which we received a grant from the Netherlands Organization for Scientific Research (NWO SIA-
RAAK). We furthermore cooperate with the College for Vocational Education of Amsterdam and Flevoland.
This College runs the Vocational Degree programs that prepare for professions in day care institutions and
schools. Research and development started in February 2017 and will continue till 2022.

The aim of this study is to elaborate conjectures for educational design principles (McKenney & Reeves, 2012)
that inform the development and implementation of effective approaches, lessons and curricula for early
childhood science and technology education and that can also be used in pre-service and in-service professional
and vocational degree programs for schools and day care.
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2. METHODOLOGY

In this study, we focus on the possibilities for devoting more time and attention to science and technology and
for developing a more positive attitude towards science and technology to children age 3 to 7 in pre-school day
care settings, Kindergarten and Grade 1 in the Netherlands (in the Netherlands, Kindergarten is part of primary
education and almost all children go to primary school at age 4). The research focuses especially on settings in
which pre-school day care is organized and conducted in close cooperation with primary education. This is not
usually the case, since day care in the Netherlands is private enterprise whereas schools are publicly funded,
which complicates cooperation.

In this study, the methodology of Educational Design Research is employed. This is ‘a genre of research in
which the iterative development of solutions to practical and complex educational problems also provides the
context for empirical investigation, which yields theoretical understanding that can inform the work of others’
(McKenney & Reeves, 2012, p.7). Educational design principles or strategies can take the form of a formula:
‘In an educational Context C Strategies S are expected to result in Outcomes O because of theoretical and
empirical Arguments A’.

In order to ground the educational design principles or strategies in theory, a literature search was conducted on
science and technology education in the early years. We also included ‘play’ as an important theoretical term,
since play is seen by many as the dominant way through which young children develop. From literature (Thelen
& Smith, 1994; Gibson & Pick, 2002; Beatty, 2005; Smith & Gasser, 2005; Siraj-Blatchford, 2009; Lillard,
Pinkham & Smith, 2010; Kuhn, 2010; Nucci & Gingo, 2010; Van Cleynenbreugel, De Winter, Buyse &
Laevers, 2011; Hopf, 2012; Van Oers, 2013; Wood, 2013; Brooker, Blaise & Edwards, 2014; Taguchi, 2014;
Van Keulen & Oosterheert, 2016; Van der Graaf, 2017; Van Keulen, 2017; Montes, Van Dijk, Ruche-Navarro
& Van Geert, 2018), a preliminary model of how children learn science and technology in early childhood
education was developed:

Young children primarily learn science and technology from material objects and phenomena that draw their attention, provoke
their curiosity and lead them to engage physically with these objects and phenomena through exploration and the use of their
senses (‘action and perception’). Children increasingly test their initial understanding of these objects and phenomena through
simulations and role play, in which they try to engage with the objects and phenomena in situations that are meaningful to
them and in which the objects and phenomena make sense. These meaningful situations are often scenarios derived from daily
life experiences. Interaction with other children and with adults enhances learning considerably. These others are often
necessary to complement the scenario and the input of these others, especially adults, can help children to deepen their
understanding. The engagement with material objects and phenomena may afford learning outcomes in many other areas
important for children’s cognitive and social-emotional development, such as language skills, mathematics skills, social and
communication skills and executive functioning, which in turn are beneficial for learning science and technology. A positive
attitude for science and technology results from positive experiences, such as pleasure, pride, identification, autonomy,
involvement, understanding and mastery.

As a consequence, because of these theoretical arguments, educational design principles should elaborate the
characteristics of the material objects and phenomena, the characteristics of daily life experiences, the
characteristics of play, and the characteristics of interaction with peers and with adults.

In order to ground the educational design principles empirically in educational practice, we established 16 sites
for research at schools and day care institutions in six municipalities in four different provinces in the middle,
East and North of the Netherlands. Although these settings were not randomly selected (they volunteered to
participate in the research), there is enough variation in the sample with respect to the average social economic
status of children, the urban versus rural character of the environment, and the denomination of the
organisations (religious versus non-religious) to conjecture that the Dutch educational situation is fairly
represented.

In each of the six municipalities we established a professional learning community (PLC) (cf. Pareja Roblin et
al., 2014; Stoll, 2015). A PLC in this project consists of the educational professionals and a researcher. Each
team gathered nine times and developed in mutual cooperation new lessons, activities, and/or teaching
materials, implements these, reflects on the outcomes and, when appropriate, improves the material in a new
cycle of development, implementation and reflection.
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The aim of the educational design activities was to develop play scenarios, preferably derived from science and
technology contexts such as job situation that are meaningful to the children, in which children apply (and
improve) their executive functions to keep the play going, in which they interact with each other and with their
teachers, and in which cognitive development with respect to science and technology (such as the development
of skills for exploration, design and inquiry and conceptual understanding of natural and technological
phenomena) and with respect to language and mathematics are explicitly fostered.

Empirical data collection focused on the characteristics of the activities and materials developed and
implemented and on the development of the professionals themselves. For this, discourse in the PLCs was
recorded in the form of written narratives by participants and the activities with the children were observed.
Many other data (for instance, on teacher efficacy, on children’s involvement, on vocabulary development)
were also collected but for reasons of space we elaborate the results that pertain to the activities and the
development of the professionals.

3. RESULTS

In this stage of the project, all findings are preliminary. Space does not permit to describe observations,
available data and other experiences in full detail. We confine ourselves to presentation of the initial results,
which take the form of two sets of conjectures: one to explain problems and one to predict design principles
and strategies (Cobb & Gravemeijer, 2008).

3.1. Conjectures for problems

This set conjectures the explanations and possible remedies for non-trivial problems that arose during the
development and implementation of the educational materials. Obviously, the project aims to achieve ambitious
goals with professionals who may well be underprepared for this.

Conjecture 1: It can be expected that early childhood professionals have little knowledge of and experience
with science and technology.

The professionals in our sample do use objects and phenomena from the natural and technological world as a
source of inspiration for educational activities, but not with a focus on developing children’s understanding of
the material world and/or developing their technological design and problem-solving skills. It is more important
to them that children ‘have fun’ than that they learn to understand the world. For example, they choose
‘Autumn’ as a theme rather than ‘Building a bridge’.

A possible strategy for improvement: Professionals need considerable support in the form of ideas for activities
and resources and help with content knowledge development, for instance through cooperation with
technological enterprises and professionals.

Conjecture 2: It can be expected that the professionals’ conception of ‘play’ is dominated by the notion of 'free
play’.

In free play, professionals focus on maintaining safety, but do not interfere much, certainly not when children
appear to be happy. For instance, they initiate but do not play along. Reflections of professionals reveal that
they find it difficult how to play along. This limits the educational process quality of their interaction (cf.
Pianta, Paro & Hamre, 2008; Slot, Mulder & Leseman, 2014). Their contribution to conceptual or skills
development in the area of science and technology is limited, as well as their contribution to the development
of vocabulary and mathematics skills.

Strategy for improvement: Professionals need to develop richer conceptions of play, especially simulation play
and role play. They need to expand their repertoire for interacting with children.

Conjecture 3: It can be expected that professionals’ conception of ‘learning’ is dominated by the direct
instruction model of teaching and learning.

On the one hand, all professionals state that children learn a lot from play. On the other hand, they do not seem
to believe this. ‘Real learning’, so they say in interviews, starts in Grade 1 and is totally different from play:
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children will sit in rows behind tables and work with paper and pencil on work sheets, with the teacher in the
role of the instructor. As a consequence, the executive skills that children do develop in day care settings and
Kindergarten to regulate what they do and learn while playing become rather useless from Grade 1 onwards.
Also, children’s developing skills for inquiry and design, initiated by playful explorations of the material world,
receives no follow-up in Grade 1 and onwards.

Strategy for improvement: Professionals should learn to see ‘play’ as an educational strategy for the attainment
of learning objectives that are important in school. They should learn to help focus children’s executive skills
on the regulation of these learning processes and not (just) on the regulation of aspects that are external to
learning, such as ‘choosing the activity’ and ‘tidying up when ready’.

3.2. Conjectures for principles and strategies

This second set conjectures the educational design principles and strategies that can be put to further empirical
testing in subsequent curriculum development for pre-service and in-service professional development and
degree programs and for the development of lessons by the educational professionals themselves.

Conjecture 4.: Children’s play can be modelled after well-known technological professions.

Children like to play out scenarios that they encounter in their daily life. It is their way to prepare for roles in
adult life. An important objective of education is to prepare children for participation in society, which also
means improving their chances to find a job. Many technological vocations and scenarios are meaningful to
young children because they fulfil needs the children themselves have and recognize. Examples are ‘running a
pancake restaurant’; ‘building a bridge’; ‘selling construction material at a do-it-your-self store’; ‘making a pair
of blue jeans’. Meaningfulness to children thus is a heuristic for finding sources of inspiration for play and for
finding the right partners outside school to cooperate with.

Conjecture 5: Differences in material affordances can be used to develop differences in role play and,
consequently, differences in executive functions.

Children need to develop various executive functions, such as attention, cognitive flexibility, inhibition of
impulses, control of emotions, working memory and planning to regulate what they are doing. Different
materials and phenomena afford different perceptions and actions and allow for variation in the development of
executive functions. For instance, when children play that they work in construction and build a house with
wooden blocks, chances are that their construction will collapse within minutes. Concentration is priority.
Actions have to be carefully controlled and impulsive movements should be suppressed. The collapse can lead
to outbursts of emotions. Contrast this with playing a gardener who is growing cress. Change in this scenario is
not on a minute-to-minute scale. You just should not forget to water the plants every day. Playing a gardener
appeals on planning and the ability to load the appropriate actions to working memory.

Conjecture 6: Play-for-learning in the form of Simulation-of-Technological-Jobs can accommodate many
functional activities related to language and mathematics development.

When children play that they run a pancake restaurant, there are many opportunities to learn science and
technology, but there are as many opportunities to develop language and mathematics skills. For instance, a
restaurant needs a menu, which has to be written. Customers have to pay, which means calculating the bill.
Recipes have to be developed or changed, et cetera. Many of these language and mathematics skills can be
contextualized and for professionals who are able to design and implement play-for-learning there is less need
to fall back on the methodical but scholastic direct instruction model. Pre-service and in-service professional
development programs can help early childhood education settings with expanding the pedagogical repertoire,
to include scaffolding techniques (Mercer, Dawes, Wegeriff & Sams, 2004), of inquiry and design-based
teaching (Lazonder & Harmsen, 2014; Van Heerden, 2014) and content knowledge (Henrichs & Leseman,
2014).

Conjecture 7: Children learn more from play when they can interact with experienced adults.

In play, children try to behave as adults. They are wide open to input from those who play along and have more
experience and a larger vocabulary. Professionals in day care and Kindergarten should put their existing
knowledge of science and technology to good use (for example, on how to prepare cupcakes, mend a flat tire or
sew clothes) by playing along, explicating what there is to be seen, and by challenging children with questions
and observations. They can increase their knowledge the same way as children learn, by engaging in
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professions they are less familiar with, talking to engineers and technicians, observing and appreciating their
work routines and in this way expand their own vocabulary and self-efficacy (cf. Sennet, 2009; Madhavan,
2015). Pre-service and in-service professional development programs can help early childhood education
settings with organizing this.

4. DISCUSSION

This research and innovation project has just started, and we are currently satisfied with establishing the first
sets of conjectures for what might be an effective approach for early childhood science and technology
education, and what might be explanations for non-trivial and recurring problems. The situation in the
Netherlands is peculiar in the sense that there is no mandatory curriculum for the foundation years or primary
education. The educational system relies on core objectives which are rather broad and generic. There is an
explicit focus on developing skills for inquiry and design, but these are not assessed in any systematic way.
This means that on the one hand, this gives schools and teachers much freedom but on the other hand, effort put
into science and technology education or in professional development with respect to science and technology
content knowledge or pedagogical skills for inquiry and design-based teaching, is not rewarded by the system.

This project is highly ambitious in its attempt to affect enrolment in science and engineering jobs through early
childhood education. It will be difficult, if not impossible, to establish a causal link between intervention and
effect. Conceptually, it relies on the assumption that attitudes are formed early in life and can be influenced. In
the long run, we hope that it will become self-evident that working in early childhood education implies a
positive attitude for science and technology and self-efficacy with respect to teaching through science and
technology. It may be possible to investigate this hypothesis in the future.

The insights developed in this study are qualitative rather than statistically significant in nature and come from
a limited set of locations. Although the early childhood locations and professionals that are involved in this
project are not randomly selected, they are diverse, and, in our view, they represent early childhood education
in the Netherlands rather well. However, new and better insights may develop when more educational designs
have been put to the test at these and other locations.

Young children may be even more curious than scientists or engineers, but their abilities for systematic inquiry
and design have yet to be developed (cf. Kuhn, 2010). We do not know whether this development is linear and
smooth, or whether it requires substantial cognitive leaps. Several Piaget-like stages may be conjectured.
Perception and (initially random) action is the approach of babies (Baillargeon, Li, Gertner & Wu, 2010).
Toddlers explore wilfully, but don’t argue, reflect or present consistently (Gelman & Frazier, 2012). In
Kindergarten, children seem to be able to test hypotheses and vary only one parameter at a time (Van der Graaf,
2017). When exactly children are able to move consciously through the steps of a design or inquiry cycle is not
known, and neither do we know how this development correlates with ‘nature’ (age or talent) and ‘nurture’
(exposure to good quality teaching). This would be interesting to investigate in more detail.

Last but not least, a lot of work remains to be done with respect to analysing jobs and professional situations in
science and technology with respect to their learning potential. This is a fascinating enterprise. Close
cooperation between early childhood education centres and the scientific and technological practices and
business in the direct environment may strengthen local communities and prepares children for participation.
Such an approach is reminiscent of the medieval guild system (cf. Sennett, 2009) but in a modern, flexible
guise.
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STEM in Northern Ireland Primary Schools: Where is it at, and where
should it go?
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The aim of this research was to record the pupils’ voice regarding how STEM education should be
developed within the Primary Schools of Northern Ireland, but alongside the voices of those in positions
to significantly impact upon the pupils’ experiences. As Benson and Lunt (2011) point out, there is a
lack of the pupils’ voice within literature and it is important that it be listened to and acted upon:
‘Children naturally have very important insights to offer in helping us to develop our understanding of
teaching and learning.” The principal objective was to film an ‘Academic Documentary’ to constitute
both a methodology for data collection and a medium for dissemination. Pupils were interviewed within
small groups, while adults were interviewed individually. Key findings from the pupils were the
relevance and importance they attributed to STEM education, together with the enthusiasm with which
they engaged with STEM experiences; from the adults, key findings were the critical need for training,
the need for societal value of practical skills, the consensus that STEM education should be problem-
based and compulsory, the need for effective transition, and the need for a more effective coalition with
business. The current study is considered important as there has been no previous research of this kind
carried out in Northern Ireland.

1. INTRODUCTION

The vision for the future in relation to Science, Technology, Engineering and Mathematics (STEM) education
in Northern Ireland (NI) was articulated by the Report of the STEM Review (NI Departments of Employment
and Learning (DEL), and of Education (DE), 2009, p11) as, “Empowering future generations through science,
technology and mathematics to grow a dynamic economy”. T