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In upper secondary school in Sweden, the students in the technology programme take an introductory
course that aims at providing a broad introduction to the engineering field. The course’s curriculum is
open to various interpretations and solid mechanics is not included explicitly, but it is taught within the
course by many teachers. Previous studies of teachers’ attitudes towards other subjects showed that
confidence is commonly influenced by subject knowledge. Thereby teachers’ knowledge affects their
teaching and their students’ learning opportunities. The present study was based on interviews with 13
technology teachers, teaching in upper secondary school. The interviews concerned their attitudes
towards teaching introductory solid mechanics and included those who taught solid mechanics, and
those who did not. Those who taught solid mechanics did so through personal choice, because of
influence from colleagues and local traditions, or because they took it for granted. Many among them
expressed interest in solid mechanics and thought it to be of importance for future engineers. They had
high self-efficacy and low anxiety regarding the subject. Those who did not teach solid mechanics
omitted it mainly because of an experienced lack of knowledge. They let their students develop problem-
solving and calculation abilities within other areas, which the teachers themselves felt more confident
in. They ranked the importance of solid mechanics for future engineers as medium or low. The study
indicates that technology teachers’ attitudes towards various engineering disciplines may affect their
teaching and that studying those attitudes is important to understand the enacted school subjects.
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Introduction

In Sweden, the study of solid mechanics used to be mandatory for all upper secondary school
engineering students (SkolGverstyrelsen, 1970). Solid mechanics is about mechanical properties of
materials and their construction and it is a classical engineering subject. Since the 1990’s, it is not
mandatory , but it still has a high status and is commonly taught. This article describes and discusses
teachers’ attitudes towards teaching solid mechanics in the introductory engineering course for the
technology programme in Swedish upper secondary school, where solid mechanics is one of many
themes that can be included.

Through all nine years of compulsory schooling (age 7-16 years), technology is a mandatory subject for
all pupils. The content is broad, and includes introductory engineering, as well as an understanding of
everyday technologies, and the history and sociology of technology (Skolverket, 2017, 2019). Pupils
should learn about materials (common as well as modern ones) and about stable constructions — two
themes that could provide a foundation for future studies in solid mechanics and engineering.

After compulsory school follows three years of upper secondary school (age 16-19 years).
Approximately 15% of the pupils (with huge variations between regions) choose the Technology
programme (Skolverket, 2018), which should prepare them for future careers and/or studies in
engineering, mathematics and the natural sciences. All students in the Technology programme have to
take an introductory engineering course, called Technology 1 (Teknik 1). The course has a broad scope,
and includes material science, technical drawing, teamwork, and gender issues in technology. The
curriculum states that pupils should practice the ability to ‘use the methods, concepts and theories of
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technology’ and practice solving engineering problems using mathematical models and methods
(Skolverket, 2017, 2019). The curriculum provides a framework for the teaching, but the detailed content
is largely decided by the individual teacher; his/her personal interests, knowledge, attitudes, and
available equipment and other resources have a profound impact on what pupils will have the
opportunity to learn. Solid mechanics is not explicitly mentioned among the core contents of Technology
1. Nevertheless, many teachers find that it is a suitable theme to fulfil the course’s objectives. The
grading criteria state that for grade E (the lowest ‘pass’ grade), pupils need to be able to ‘give an account
in basic terms of the technical properties of different materials and also of how and when they can be
used [...] solve simple technical problems, [...] in consultation with the supervisor [chose] appropriate
working methods, and document their work and results’ (Skolverket, 2019).

Which textbook to use — if any at all — is chosen by the school or the teacher. There is no national or
state-controlled body that evaluates or approve of individual books. At the time of writing this paper,
only two textbooks intended to be used in the course Technology 1 were in print: Teknik 1 by Johnny
Frid (2011) and Teknik by Yngve Nyberg (2011). They are published by two of the largest publishers of
textbooks in Sweden. Chapters on introductory solid mechanics are included in both books.

Books and syllabi influence teaching, as do teachers’ self-efficacy and subject knowledge. Harlen and
Holroyd (1997) claim that teachers’ confidence affects their choice of content, as they tend to avoid
themes that they are not comfortable with. Teachers’ knowledge and understanding of their own
knowledge thereby affect the teaching and the pupils’ learning opportunities (Bell, 2016).

Previous studyhave shown that many technology teachers regard the subject technology as an important
one. They are also commonly frustrated by the lack of teaching resources, such as time and equipment.
Furthermore, they claimed that they were aware of the curriculum content and were able to follow it
(Nordlof, Host, & Hallstrom, 2017).

In compulsory school, the technology subject is for all. In upper secondary school, it is only for those
who have chosen a certain programme. They are inherently different in purpose. Despite the far-reaching
content lists in the curriculum, technology in compulsory school is in practice largely a design-and-
make subject (Skolinspektionen, 2014). Technology education in upper secondary school starts with a
broad introductory course (Technology 1) which is followed by more specialised courses in
programming, design, manufacturing, architecture, etc., chosen by the students.

Purpose and aim

The purpose of this study is to shed light on teachers’ attitudes to teaching introductory solid mechanics
in Technology 1 in upper secondary school: a theme that is not mandatory according to the curriculum
yet is often taken for granted and also included in all available textbooks. The research question is:

—  Why do teachers choose to include or exclude solid mechanics from the Technology 1 course?

Method

The respondents were found through social media platforms, where they were active members of groups
for teachers.

The interviews were semi-structured (Bryman, 2012), based on four question clusters:

Do you teach solid mechanics in Technology 1? Why (not)?
Do you use a textbook? Does it include solid mechanics?

Is there anything special about solid mechanics as subject content? What do your students think?
Difficulties and opportunities?

4. s there anything special with teaching solid mechanics? What do your students think? Your
colleagues? Difficulties and opportunities?
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Before the interviews started, the respondents were informed of the voluntary nature of the participation,
that they would remain anonymous in research publications based on the interviews, and that they were
free to leave at any time. The rules and ethical advice formulated by the Swedish research council
(Vetenskapsradet, 2017) were followed.

Some interviews were conducted over the phone, while others were done face to face. Each interview
took between 15 and 30 minutes. They were recorded and transcribed verbatim.

The interviews were analysed, using a deductive thematic approach (Braun & Clarke, 2006). Themes
were identified and analysed further using a framework for teachers’ attitudes and understanding
presented by Van Aalderen-Smeets, Van der Molen, and Asma (2012). The framework is based on three
main categories: Cognitive beliefs (thoughts about and evaluation of the subject, including perceived
difficulties), Affective states (enjoyment, anxiety, etc.), and Perceived control (self-efficacy and context
dependence). All these three factors influence the behavioural intentions and actual behaviour of the
teacher.

Results

Thirteen (13) teachers who were teaching Technology 1 at the time or had done so in the past were
interviewed. The respondents were of different age, came from different parts of Sweden and had
(somewhat) different educational backgrounds. See table 1. Based on their replies, the respondents could
be divided into four groups:

Enthusiasts (4 respondents) Taught solid mechanics in Technology 1, and were confident in their
knowledge of the area and found it to be important.

Reluctant teachers (2 respondents) Taught solid mechanics in Technology 1, and were less confident in
solid mechanics and found it not really necessary to fulfil the course’s
objectives, but still taught solid mechanics.

Sticklers (2 respondents) Taught solid mechanics in Technology 1, and were confident in the
area. They believed that teaching solid mechanics is compulsory.

Avoiders (5 respondents) Did not teach solid mechanics in Technology 1, and found solid
mechanics difficult and of low relevance to fulfil the course’s
objectives.

There were no easily discernible correlations between the respondents’ backgrounds and their attitudes
towards teaching solid mechanics. Those who attended the four-year technology programme when they
themselves were upper secondary school students were exposed to the mandatory solid mechanics
teaching. Even they were divided among the groups.

Across the groups, low interest in and insufficient knowledge of mathematics were mentioned as the
most important problem for students’ learning in solid mechanics. Another was terminology, words such
as ‘safety factor’, ‘stress’, and ‘tensile strength’ were new to most students and refered to abstract
concepts.

Enthusiasts

Solid mechanics enthusiasts were characterised by their fondness of solid mechanics. they found it
important and were confident about their competence in the area.

Yes, I include some solid mechanics in Technology 1. I teach relations and formulas ... mechanics in
tandem with materials science ... and yes, that is my interpretation of the core contents: technical
phenomena, theories and models, including calculations. (Teacher E)
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Most enthusiasts stated that they enjoyed teaching technology and solid mechanics. Their worries
concerned lack of time and some students’ difficulties in understanding.

The enthusiasts described preparation for further studies as an important reason for studying solid
mechanics; it is a good way to cover Technology 1’s core content while also gaining a general technical
understanding. It was also mentioned that solid mechanics is a suitable way of introducing calculations
as a means of technical problem solving and to provide a context for the learning of elementary material
science.

It is like something that you can hold on to when describing the properties of different materials. Right
now, I cannot remember the exact words, but it is something like that ... about materials. (Teacher B)

Most enthusiasts used textbooks when teaching Technology 1.

Reluctant teachers

The reluctant solid mechanics teachers expressed a higher level of anxiety connected to teaching solid
mechanics. They also rated the relevance of the content lower than the enthusiasts. Their main reasons
for teaching solid mechanics in Technology 1 were influences from colleagues or local school traditions.

I have taught this course [Technology 1], and there is a strong ... how shall I put it? There is a strong
tradition concerning technology, being largely about engineering mechanics, solid mechanics, and so on.
(Teacher J)

Sticklers

The sticklers resembled the enthusiasts when it comes to anxiety. The main difference was that the
sticklers believed that solid mechanics is a mandatory theme in Technology 1. This seems to be mainly
because of very strong local traditions and well-established unwritten rules.

Avoiders

The avoiders did not teach solid mechanics. They were characterised by their negative attitudes and
feelings of awkwardness towards the subject. They did not find solid mechanics important, and also
found it difficult for themselves and/or their students as well as time-consuming.

It feels like you have to ... have to put a lot of time and effort into it if they are to understand enough. I do
not really know how to do it. (Teacher A)

I haven’t really included solid mechanics in the course, because I can’t do it too well myself. (Teacher H)

The avoiders used alternative strategies to fulfil the learning objectives of Technology 1.

I choose not to do it, because | feel that | am not very skilled in the area. | have not studied it during my
education. I include other stuff instead; I can fulfil the course’s objectives without solid mechanics.
(Teacher F)

... and then we do some other engineering-related calculations. I am trained as a chemical engineer, so it’s
more of that. (Teacher H)

Half of the avoiders claimed that they did not use a textbook for Technology 1. A few members of this
group mentioned that solid mechanics was included in other courses, later in the programme. :

Discussion

What is actually taught in classrooms, the so-called enacted curriculum (McKnight et al., 1987),
depends on a multitude of aspects. Apart from the intended curriculum, factors which determine the
enacted curriculum include teachers’ interests, attitudes and competence, schools’ material, monetary
and temporal resources, etc. It can take a very long time for classroom practice to catch up with a change
of the curriculum. In this study, 2 out of 13 respondents actually believed that solid mechanics was a
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mandatory theme in the introductory engineering course of the technology programme in upper
secondary school, which has not been the case since the 1990’s. Of the remaining 6 who taught solid
mechanics, most mentioned that traditions and habits affected their choice of subject content.

Teachers tend to more seldom teach subjects that they lack confidence in (Holroyd & Harlen, 1996).
This means that the teachers’ subject knowledge as well as their awareness of this knowledge might
affect what they actually teach and what learning opportunities are provided for the students (cf. Bell
2016).. Previous research also showed a profound variation in teachers’ self-confidence and evaluation
of their own subject knowledge, which affected their educational choices (Nordlof, Host, & Hallstrom,
2017). Those who avoid teaching solid mechanics could therefore, based on previous research, in most
cases be expected to do so. Inalignment with Van Aalderen-Smeets et al. (2012), their perceived control
is low, their affective states are negative, and according to their cognitive beliefs, solid mechanics is not
a very important content in an introductory engineering course. On similar terms, it is not surprising that
the enthusiasts chose to include it, as their affective states are positive and their perceived control is
high.

From the collected data, it was not possible to discern any effects of textbook use on whether solid
mechanics was included in Technology 1 or not. In the group of avoiders, who did not teach solid
mechanics, half the respondents did not use textbooks. Instead, the teachers used material from a variety
of sources: excerpts from books, web resources, and texts and examples created by themselves. Within
the other groups, who thought solid mechanics, the use of textbooks was common. Most respondents
did however state that they did not use the book all the time. Technology 1 seems to be less textbook-
driven than for example mathematics (cf. Martin, Ina, Mullis, & Stanco, 2012a, b).

There are various reasons why the content for solid mechanics if a part of Technology 1 may vary and
still provides a solid foundation for further studies.. A course or a subject is not fully described by a
curriculum. It is a complex phenomenon that is very hard to grasp. It is shaped by present and previous
curricula, teachers’ knowledge, interests, prejudice, and self-confidence, as well as current trends and
resources in the form of books, equipment, and available time. Curricula with multiple degrees of
freedom have advantages as well as drawbacks. On the one hand, teachers can shape the content
according to their interests and special competences, as well as the pupils’ needs and wishes. It can also
be adjusted to the needs of, or resources provided by, local industries. On the other hand, the freedom is
likely to reduce the equality between teachers and schools; different instances of Technology 1 all have
the same name, but is it really meaningful to think of it as the same course when the content varies
strongly? This is true not only for Technology 1 but for other subjects as well since many subjects
include a freedom of choices for the teacher. The Swedish educational act (Swedish law SFS 2010:800)
demands that the value of education does not vary over the country, and this becomes even more difficult
to guarantee with a great variation in content.
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Table 1: The respondents

Id Certified to Higher education in Teaching Programme in Age (yrs, City orregion  Textbook Group
teach technology and experience upper secondary interval)
technology? engineering (yrs, school
interval)
A Yes Bachelor of science <5 Technology 40-49 Vastra Frid (2011) Avoider
in mechanical Gotaland
engineering
B Yes Master of science in ~ 5-10 Technology (4 50-59 Skane Frid (2011), Enthusiast
engineering yrs) uses solid
mechanics
chapter
C No Studied CAD at 10-20 Electronics 40-49 Dalarna Frid (2011), Sticklers
university seldom used
D Yes Master of sciencein <5 Natural science 20-29 Stockholm Frid (2011), |
engineering and in seldomused ~ Reluctant
education teachers
E yes Master of sciencein <5 Technology >60 Stockholm Frid (2011), Enthusiast
Engineering Nyberg
specialised (2011)
mechanical
engineering
F Yes Master of science in  5-10 Natural science 30-39 Stockholm Frid (2011), Avoider
engineering, seldom used
specialised in media
technology
G No Master of sciencein <5 Technology (4 50-60 Smaland Frid (2011) Enthusiast
industrial yrs)
engineering and
management
H Yes Master of science in ~ 10-20 Technology 40-49 Luled - Avoider
chemical
engineering
| Yes Master of science in ~ 10-20 Electronics 50-59 Stockholm Frid (2011) Sticklers
engineering
J Yes Master of sciencein <5 Technology 30-39 Vasterbotten Excerpts
electrical fromabook  Reluctant
engineering by Sture
Lénnelid teachers
K Yes Master of sciencein <5 Natural science 20-29 Gothenburg - Enthusiast
engineering and in
education
L Yes None > 30 Technology (4 60+ Gastrikland Frid (2011), Enthusiast
yrs) seldom used
M Yes Master of sciencein <5 Natural science 30-39 Gothenburg - Avoider

engineering and
nanoscience
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