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Abstract Technology is a compulsory subject at Swedish elementary schools and,
according to the syllabus, helps students develop their ability to examine different techno-
logical solutions and reason how these solutions affect society, environment, and humans.
An important challenge for educational research is to analyse and understand the conse-
quences and impacts of technologies on students’ learning, well-being, and participation
in society. It is important to understand how technological systems work in order to orient
oneself in modern society and to make well-informed decisions about what is good or bad
use of technology. The purpose of this study is to further explore students’ understanding
of technological systems and their features through investigating the students’ reasoning
and collaboration in small-group interactions. We found a relatively large number of situ-
ations where students clearly demonstrate that they understand technological systems and
the components and relationships among them. On the other hand, some situations indicate
that students have difficulty explaining and understanding or realising concepts, theories,
and relationships regarding technological systems. The findings need to be examined criti-
cally, although the students in this study were not used to this way of working with con-
cepts or using images in their presentations. The study was conducted in the spring of 2016
at a compulsory school in the south of Sweden.
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Introduction

In most Western countries, technology plays an increasingly important role as integrated
parts of our way of living, thinking, and acting. For example, Séljo (2012) points to the
development of hybrid minds, where humans’ cognitive and communicative activities are
increasingly dependent upon and intertwined with complex and powerful technological
tools. In this way, technology may be described as human integrated systems that are con-
nected to each other in web-like worlds, involved in society and in our lives to an extent
that we risk taking them for granted. In this article, we argue that an important challenge
for educational research is to analyse and understand the consequences and impacts of
technologies on students’ learning, well-being, and participation in society. However, an
equally important and related issue is to explore how students understand this development
of integrated technological systems and how it affects their lives. In this context, Klasander
(2010) asserts that a high level of student awareness of technology and technological sys-
tems is crucial as we all are dependent on them, to some extent, and occasionally become
parts of such systems. Further he argues, if students develop an understanding of the func-
tion of technological systems, this could, for example, facilitate a development of an abil-
ity to discuss and analyse issues about sustainable development and solve environmental
problems in society. Klasander also notes that we need to understand how technological
systems work in order to orient ourselves in a modern society and to make well-informed
decisions about what is good or bad use of technology as committed citizens. Svensson
(2011) argues that teaching about technology in context means focusing on technological
systems as parts or components that are linked together to a meaningful wholeness. Fur-
thermore, she asserts the significance of emphasising the involved artefacts in a systemic
context and clarifying how the different parts interact in the system. In this way, technol-
ogy education could contribute to support students’ understanding of technology in its
functional and human context without becoming reduced into separate or isolated artefacts.
However, several researchers in the field (Hallstrom and Klasander 2017; Klasander 2010;
Koski and de Vries 2013) have pointed out that the most common way of describing tech-
nological systems in education today is to use linear or hierarchical models in which the
components are stacked without explaining how they are interrelated and work together.
During recent years, studies of students’ understanding of technological systems
have become an important aspect of technology education in Sweden and elsewhere.
For example, Svensson (2011) found that students in compulsory school often have dif-
ficulty describing technological systems and the interaction between their components
when the system is more or less hidden or invisible. Svensson et al. (2012) show that
students seem to be able to describe specific artefacts correctly, but have difficulty put-
ting them into a system context. The study also explored the students’ experience and
knowledge of how material, energy and information are transformed in technological
systems. The results indicate that students tend to focus primarily on describing single
components with little or no connection to the whole system and on describing sys-
tems only as an addition of components. Energy and information are seldom included.
Koski and de Vries (2013) show that students describe machines as either consisting
of different parts with various functions or as a number of activities to complete a
process. Setting system boundaries turned out to be a demanding task for the students,
as they needed knowledge about how the different parts in the system interact in order
to achieve the desirable function. In Svensson’s study (2011), the participating teach-
ers also use images of technological systems in order to make components, functions
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and system boundaries explicit. Ortnis (2007) also concludes that when students have
the opportunity to use images or real artefacts as supporting and mediating tools,
they become more able when it comes to describing the structure of the technological
system.

In the present study, we explore how students aged 13-14 interact and collaborate
in small-group discussions in order to understand and describe different technological
systems and how they are constituted. The students’ task was to independently choose
an image on the Internet that they feel describes a technological system in a convinc-
ing manner, and together discuss how the system works. The purpose of this approach
is to explore how students communicate their knowledge about technological concepts,
components and systems, and how they work together in order to achieve a desirable
function for humans; that is, to investigate how students understand the relationship
between a technological system and its components. An underlying issue is to explore
whether and, if so, how the students’ descriptions are supported by the chosen images
and whether these circumstances facilitate making the students’ knowledge explicit.

Theoretical background-technological systems

The International Technology Education Association (ITEA 2000) defines a techno-
logical system as “a group of interrelated components designed to fulfil humans’ needs
and desires”. Hughes (1993) uses a similar definition when describing a technologi-
cal system as a system of complex, problem-solving components that solve problems
or fulfil goals using available means. Further, Ingelstam (2012) and Bjurulf (2011)
characterize technological systems as co-operating components and the relationship
between them, in which the components together make new wholes and get new func-
tions. Further they stress the human perspective even more through asserting that it is
humans that create a technological system, that the system cannot make anything by
itself, and that when it is used, humans become a part of it. In this latter view, a tech-
nological system is both a social and technological construction in which individuals
are involved either as an independent component or as links between the components
(Ingelstam 2012). However, when defining a technological system, we have to discern
it from its environment, which means there must be a system boundary. One exam-
ple of this is a washing machine, where the system boundary is the machine itself.
However, the system interacts with its surroundings as inputs come from the environ-
ment, but inputs do not constitute the system as such. Furthermore, Ingelstam (2012)
emphasizes that a large technological system is built out of several sub-systems, each
of which could be divided into several sub—sub-systems, which creates a hierarchy of
systems. In the above-mentioned example of the washing machine, the sub-system
constitutes the electricity system in the machine where, in turn, the electrical circuit
board becomes a sub—sub-system. Systems may also be sub-systems that include their
own sub-systems. In other words, a component may also be defined as a system per se,
with its underlying components. For example, the circuit board is a component in the
washing machine, but could also be perceived as its own system with several compo-
nents (such as transistors and capacitors). Therefore, in these contexts it is possible
to extend the definition of a technological system by paying attention to the fact that,
within the system, the sub-systems are linked together with internal inputs and outputs.
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Technological systems as black boxes

Today, it may be difficult to discover or explore many of the advanced technological sys-
tems because they do not provide the sufficient transparency. From an educational perspec-
tive, several researchers have emphasised (e.g. Koski and De Vries 2013; Svensson 2011)
that if we want students to achieve knowledge about technological systems, this implies
focusing on simplifying and making the systems explicit in technology education. How-
ever, this might be easier to express than to implement. Another way of describing these
problems is to use Latour’s (1999) black box metaphor by characterising modern techno-
logical systems as black-boxed (or a system as a black box). This expression may be used
whenever a piece of machinery is too complex or hidden; then, a little box is drawn around
this part, which implies that you do not need to know anything about what is inside the box
except the input and output of the machinery to use it. Thus, without knowing the construc-
tion of the system and the characteristics of every component, you can still describe the
system itself (Ingelstam 2012). Latour expresses this idea as follows:

[T]he way scientific and technical work is made invisible by its own success. When
a machine runs efficiently, when a matter of fact is settled, one need focus only on its
inputs and outputs and not on its internal complexity. Thus, paradoxically, the more
science and technology succeed, the more opaque and obscure they become.

(Latour 1999, p. 304)

De Vries (2005) also illustrates a technological system by focusing on its input, process
and output and describing the system’s input and output by using matter, energy and infor-
mation. Returning to the example of the washing machine, the input is electricity (energy),
knowledge (information about how to handle the machine), washing powder (matter), clean
water (matter) and laundry (matter), and its desired output is clean clothes (matter). The
outputs that are not so desirable are wastewater, movement and heat. From this perspective,
we can understand the washing process itself as black-boxed for us (de Vries 2005). The
flow of information, matter, or energy and water in the system makes the function of the
system possible. Thus, when describing the origin and goal of the flow, we need to define
the system boundary towards its surroundings in order to make it possible to distinguish
the system from the rest of the world (Svensson 2009). Svensson also points to that, from
an educational perspective, it is important to follow the interaction between components
in the system and the functions the components have in relation to the processes. This also
includes the system’s interaction with the surroundings and influences on nature, humans
and other technological systems.

System structures

The structure of a technological system may be described in several different ways. For
example, Klasander (2010) identifies four types of structures: linear models, circular orbit
models, hierarchical and network models. According to the author, this division facilitates
the discovery of the different character of the relationship between components in various
technological systems. For example, when describing an electric circuit in a linear model,
you put the components—battery, cord and bulb—in a row (from-to perspective) to achieve
the desired description that becomes a circular orbit model when the circuit is closed. The

@ Springer



Students’ ideas about technological systems interacting with... 267

network model focuses on how the components are connected; this is often described in
a web-like mode (e.g. Hughes 1993). Several researchers (e.g. Ingelstam 2012; Trist and
Murray 1993) have increasingly described technological systems as being sociotechnolog-
ical systems (STS). This approach focuses on the interaction between humans and tech-
nology in workplaces from the perspective of complex organisational work design. The
concept also refers to the interaction between society’s complex infrastructures and human
behaviour. In this sense, society itself, and most of its substructures, is comprised of com-
plex sociotechnological systems.

Components and artefacts

According to Siljo (2005, 2012), we live in a world that could be described as one of arte-
facts that are created by humans for human purpose and action. Siljo also acknowledges
that a characteristic of humans that separates us from other animals is that we create and
use material artefacts, which become important parts of our social memories and thereby
contribute to developing our individual skills and knowledge. In this way, experiences and
inventions are preserved and integrated in the artefact and transmitted between generations
(Gyberg and Hallstrom 2009). Jakobsson and Davidsson (2012) point to a similar process
by asserting that an artefact and its user may be connected in a dialectic and reciprocal
relationship where the artefact affects the user’s thoughts and actions and the user can
develop the artefact further by adding new inventions or applications. Moreover, de Vries
(2005) argues that most new artefacts involve functional products of more than one part
or component, which provide us with new conceptual systems. He also asserts that a new
artefact may be understood as the outcome of an innovative, technological cognitive pro-
cess in which existing components are put together in a new system. Furthermore, de Vries
notes that artefacts enable us to perform an action that is necessary in order to get what we
need or desire; for example, the washing machine provides us with clean clothes. How-
ever, technical artefacts can naturally have an endless number of other functions, such as
transporting, transforming, creating and connecting (de Vries 2005). In this view, artefacts
may also be considered as components and vice versa. This means that components are
uniquely identifiable parts or subsystems that perform a function in a technological sys-
tem; for example, a thermostat regulates the temperature of water in the washing machine.
That is, a physical component and a well-defined functional part of a technological system.
Svensson (2009) argues that students get a better understanding of human relation to tech-
nology if we use both artefacts (components) and systems when describing technology,
thereby emphasising our own role in a technological system.

Students’ ideas on technological systems: previous research

As mentioned, several studies (e.g. Svensson 2011; Koski and de Vries 2013) indicate that
students often have difficulty describing technological inventions as an integrated overall
system. Svensson (2011) stresses that technology education must support and scaffold stu-
dents’ awareness of systems and technology by uncovering functions and components that
make the whole system explicit. In her study, the students’ task was to describe techno-
logical systems by using everyday artefacts (a cellular phone, a bulb and a banana) and
the related systems (cellular phone system, electricity system and banana transportation
system). In the analysis of the answers, Svensson could discern three distinct dimensions in
students’ descriptions of technological systems, namely, resource, intention and structure.
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The most common way to describe the relation between a single artefact (component) and
the system was to use a linear model, which implies that the students lined up the involved
components to ensure that the necessary resources were delivered in a from-to perspective.
For example, while the students displayed a satisfactory knowledge and understanding of
cellular phone functions as such, they had difficulty describing the phone as an integrated
part or component in a larger technological system. The students had problems relating
the components to each other, describing the interaction between them, and describing the
system as a whole. Further, Svensson (2011) concludes that students generally character-
ised technological systems by focusing on separable parts and nearly none of the students
described them in terms of a web of interacting components.

In another study, Svensson et al. (2012) interviewed 15-year-old Swedish students about
transport systems, energy systems and communication systems. In addition to these societal
ways of handling material, issues about information were also included in the questions. To
frame the interview situation, images and overall descriptions of the systems were included
and the students were asked to visualise and communicate their ideas and understanding of
the system. In the analysis, five different categories of understanding technological systems
became clear: (1) using single components, (2) using the system output, (3) influencing the
system, (4) interacting with the system, and (5) integrating the system. The authors also
conclude that the most common way of looking at a technological system was to focus
on single components without relating them to any system perspective, and to describe
systems based only on the components included, excluding human and societal interaction
with the system. Koski and de Vries (2012) explored primary students’ understanding of
different perspectives on technological systems. The researchers focused on whether the
students could see a system as a structure of main- and subparts, whether they understood
the input and output of a system, and whether they were able to put boundaries to a system.
The general results indicate that the students showed a basic understanding of the fact that
machines consist of parts with different functions and that several steps usually are required
in order to complete a process in the system. Further, the students showed that the concept
of input seemed to be more obvious than the output and that they understood output as
what the systems produced in material terms. For most of the students, it was a challeng-
ing task to set system boundaries (see also Koski and de Vries 2013). Ortniis (2007) also
examined students’ ideas of similar issues, but in the context of upper secondary students
(age 14 and 17) and their perceptions of technological systems in their everyday lives. The
researcher used semi-structured interviews and students were encouraged to draw pictures
as a scaffolding tool during the interviews. Furthermore, the researcher initiated the con-
versation through using 1mages of artefacts that were linked to the technological system
in question. In the analysis, Ortniis distinguished six different areas upon which students
focused in their descriptions of technological systems: (1) the system’s function, (2) the
structure of the system, (3) the size of the system and the system’s boundary to the sur-
roundings, (4) the role of the human, (5) the connection in the system, and (6) the system’s
shape. The results also showed that the students were able, to a relatively large extent, to
describe different systems in their everyday life, especially when they had access to images
of the systems. The analysis also showed that the students were able to use the images to
discover the structure of the system and the sub-systems, and to discuss the connection
between humans and technology. However, with respect to this, the results highlighted sig-
nificant differences between the age groups of students when it comes to describing inte-
grated components and the use of technical words. The older students (17 years) had usu-
ally developed a more appropriate and subject-oriented language in technology than the
younger ones (14 years).
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Another study (Hallstrom and Klasander 2017) investigated student teachers’ con-
ceptions of technological systems. The results of the study reveal that a relatively large
number of student teachers also had difficulty describing and explaining different types of
technological systems. This applies especially when it comes to explaining the invisible
or abstract aspects of a system and describing the output and structure of technological
systems. The authors conclude by asserting the need for student teachers and teachers in
technology to develop an awareness in system thinking.

The study and research questions

The purpose of this study is to further explore students’ (age 13—14) understanding of tech-
nological systems and their features through investigating the students’ reasoning in small-
group interactions. The students’ task is to describe and explain an optional technological
system by using an image that they had chosen from the Internet. The aim of this approach
is to analyse how students communicate their knowledge about technological concepts,
components and systems, and how this knowledge works together in order to achieve a
desirable function for humans. An underlying issue is to explore whether and, if so, how
the students’ descriptions are supported by the images, and whether these circumstances
make the students’ knowledge explicit. The research questions in the study are as follows:

1. In what ways do students demonstrate their understanding of the concept of technologi-
cal systems and the relationship between systems and components?

2. In what ways do digital images support students’ communication when presenting in a
group?

Methodical considerations and analytic perspectives
Setting and participants

The study was conducted in a municipal school in the south part of Sweden and followed
the technology education in one class of 36 students over a 4-week period. When the stu-
dents worked more practically or in small groups, the class was divided into two parts,
with 18 students in each group. The data collection was performed in a year 8 class, in
which the students are 13—14 years old and usually have minimal experience of technol-
ogy education. The reason for exploring a relatively small group of students’ ideas about
technology is related to the research questions in this study. This implies that our interest
is primarily focused on students’ understanding of technological systems and the relation
between systems, components and humans when they work independently in small groups.
Our starting point is that the students’ understanding of the concepts may become obvious
and explicit when they collaborate on these issues. In these situations, the students were
expected to discuss and reason on the basis of the images they chose to represent techno-
logical systems. That implies that we, as researchers, view the individual participants as
contributing to existing and operating discourses that become observable in action when
reasoning about technology (Wertsch 1998; Jakobsson et al. 2009). The original images,
which were chosen by the students, are here replaced with sketches for copyright reasons.
You will find links to the original images under references.

@ Springer



270 J. Lind et al.

During the 4-week school project, technological systems and humans’ relationships with
technology were important elements and objectives. The students were asked if they would
like to participate in the study and, if so, received an information letter for them and their
parents to sign. All of the students and their parents chose to give their consent to participate
in the study. This has been very important in terms of gathering reliable data, as the students
were expected to share their thoughts, ideas and knowledge about the education and the con-
tent. The school performs relatively highly, in the sense that most students obtain high results
on national tests (Skolverket (Swedish National Agency for Education) 2016a, b). In Swe-
den, technology is an independent subject in compulsory school with its own syllabus, which
includes aims, core content, knowledge requirements and support material. One aim in the
curriculum (Skolverket (Swedish National Agency for Education) 2011) is to give students
opportunities to develop their ability to identify problems and needs that can be solved by
means of technology and to identify and analyse technological solutions based on their func-
tion. There is also a focus on students’ learning of how components and subsystems work
together in larger technological systems. Further, students should increase their understand-
ing of technological solutions in the society and develop knowledge about how the interac-
tion between artefacts, components and systems create desirable functions for humans.

Collecting data

An important aim of this study has been to come close to students’ thoughts and ideas about
technological systems and their understanding of the relationship between components, sys-
tems and humans. As mentioned, we were also interested in collecting data about the students’
choice of representations of technological systems in the form of images from the Internet,
which may facilitate our interpretation and understanding of the students’ ideas. In order to
collect classroom data, which may create opportunities to answer our research questions, we
have mainly used video recording of student conversations in small groups (three or four stu-
dents) and focused on their activities during full-class teaching situations. All of the students’
images from the Internet have also been collected. According to Goldman et al. (2014), video
recording in the learning sciences facilitates and clarifies the analysis of the collected data
because gestures and body language are important, together with identification of the students.
The video data has been of particular importance as the conversations between the students
often focused on the chosen images and the details therein. Thus, this type of data constitutes
a dominant part of the total amount of data in the study and we have, with help of the record-
ings, managed to identify all images of the technological systems that the students discuss. A
possible hypothesis is that the images constitute an important cognitive tool that can support
students’ reasoning, help make their thinking about complex technological systems explicit,
and help them to put words to their thoughts. Cohen et al. (2013) assert that the use of visual
data and images may expand the linguistic repertoire of the informants and enable them to
formulate non-pronounced thoughts. Further, according to the Swedish National Agency for
Education (Skolverket (Swedish National Agency for Education) 2011) the specific subject
language (Hajer and Meestringa 2014) is a key to developing and displaying knowledge in
all subjects. The subject language in technology involves being able to express, interpret and
use concepts, facts and key ideas in speech and in writing, but also the feelings and opinions
that the subject arouses (Skolverket (Swedish National Agency for Education) 2016b). Con-
sequently, we have also placed particular focus on the students’ use of words and expressions
when discussing technological systems (e.g. Serder and Jakobsson 2016).
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The analytic process

The analytic procedure in the present study consists of three separable but interrelated phases.
In the first phase of the analysis, all of the collected data were carefully reviewed, and content-
related situations during students’ discussions about technological systems and the selected
images were selected for further analysis (approximately 31.5 h). During this phase, we also
searched for the students’ images on the Internet by using Google’s image search and suc-
cessfully found the source of all images. This procedure implied that we could relate the stu-
dents’ individual statements to specific images and thus improve our understanding of their
utterances further on (Goldman et al. 2014). In the second phase, we focused specifically on
situations in which the students more explicitly explained or defined concepts such as techno-
logical systems, components and artefacts. This includes situations where the students talked
about human interactions with technological systems and technological innovations. All of
these situations were carefully transcribed and constitute the main material for the in-depth
analysis of the students’ statements and reasoning (approximately 3.5 h). The analysis in this
phase also implies that we could focus on our research question in more detail. However, we
interpreted all transcriptions as adaptations of digital recordings, which in this respect is the
primary material (Burges 2010). The transcripts were initially made in the form of rough tran-
scriptions, which have since evolved gradually during the analysis. They have been designed
with the aim of focusing on what students are talking about and how they express themselves
in relation to the content. Our analyses assume a sociocultural theory, which implies that
students’ through technology education are socialised into scientific ways of reasoning and
acting (Vygotsky 1986; Siljo 2012). By encountering the specific distinctions and practices
in technology, students are guided into recognising and using particular discursive patterns,
which often differ from other discourses in society. In line with this, we used Lemke’s (1990)
thematic patterns as an analytic tool in the third phase. Thematic patterns draw on specific
semantic relations, which are observable as rhetorical structures, figures of speech, and other
forms of accountable talk and action played out in classroom activities. In this view, the pro-
cess of studying students’ knowledge and understanding in technology becomes a process of
studying students’ ability to use language in relevant ways while engaged in a school activity;
that is, to analyse how students are able to formulate themselves when reasoning, arguing and
learning in situated activities (Jakobsson et al. 2009). By studying how students “talk technol-
ogy” while engaged in project work, it is also possible to find and describe instances of lan-
guage use that seem particularly easy or difficult to appropriate. In the “Results” section, we
aim to describe examples from these situations, thereby clarifying what concepts the students
perceive as complex and difficult to comprehend and which ones they find it easier to under-
stand. Our aim is also to summarise the students’ difficulties and opportunities when it comes
to understanding technological systems in an overall model at the end of the “Results” section.

Results

In total, 63 group discussions were video-taped and analysed. In the following, the stu-
dents’ ways of reasoning about technological systems will be illustrated with excerpts from
three of the groups. These excerpts were selected because they are representative of the
entire material and help us to answer our research questions.

In the first example (excerpt 1a), Billie, Nina and Robyn discuss different technological
systems, the ingoing components and the relationship between them based on the images
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they have chosen as support for their presentation. The conversation starts when Billie
(107) shows a picture of the heating systems and heat transport in a house.

Excerpt 1a

Example of group discussion

107 Billie Eh, this is a technological system, right? (seems a bit
It’s like really complicated that I well .. uh .. sort of.. uh .. nervous
associate with .. Shows the

image (fig 1)

il

[ Foe——
Fig 1 Billie’s inage of a technological system.
108 Nina Yeah, it’s quite, well it’s technical, quite difficult and Interrupts
advanced.
109 Billie Yeah
110 Robyn I chose a technological system and it’s like parts that work, Shows the
co-operate together, you see? image (fig 2
to the group
and the
camera.
111 Billie Show the camera! Muffles
112 Robyn Show the camera .. I1t’s like a load of things .. technical like. Repeats

Makes a funny
face at the
same time as
she shows the
image to the

camera
Flg 2 Robyn’s image of a technological system

113 Billie Yeah, components, kinds of pieces of, uh ..

114 Robyn . like parts of the whole thing, you see.

115 Billie You know a car engine cos .. uh .. without an engine it doesn’t .. Shows her
uh .. work like. image (fig 3

of a component

Flg 3 Billie's image of a component

116 Nina Yeah, an important component in ..

117 Robyn I’ve written .. and I have the .. Shows her
image (fig 4)
of a component
to the group

Fig 4 Robyn's image of a component

118 Nina What d’you mean .. like?
119 Robyn Tt’s a part and if you like take it away, right .. the rest (Looks smug,
doesn’t work and it’s part of a bigger entity! Points at the

windmill and
explains (fig
4) .

120 Robyn That sounded smart!

121 Billie Eh .. good work guys. That sounded smart.

122 Nina So _what have you written?
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The conversation starts when Billie asserts that the image she has chosen is really
complicated (107), butis interrupted by Nina when she intends to explain further on. Nina
supports the idea that Billie’s technological system is sophisticated by saying, well it’s
technical, quite difficult and advanced (108), which indicates that students
are not used to interpreting images of advanced technological systems. However, Robyn con-
tinues the discussion, trying to formulate a definition of a technological system by asserting,
I chose a technological system and it’s like parts that work,
co-operate together you see? (110). She continues her reasoning by arguing ...
like a load of things .. technical 1like (112). Billie completes and extends
the definition by claiming that it is also ... components, kinds of pieces of eh
... (113). With this statement, she introduces the concept of components and later gives an
example by emphasising that ... a car engine cos .. uh .. without an engine
it doesn’t .. uh .. work like (115). Even Robyn seems to be on this thought when
she says that a component is ... like parts of the whole thing ... (114). The conversation then
continues when Robyn displays her image and argues that a component It’s a part and
if you like take it away .. the rest doesn’t work and it’s part
of a bigger entity! (119).

A possible interpretation so far is that Billie and Robyn seem to have reached a joint agree-
ment on that a technological system consists of cooperating components, which constitutes a
whole, and that if a component is missing, it implies that the system will not work. Robyn’s
statement (119) reinforces this conclusion further on as she emphasises that the functioning of
the system depends on its constituent parts. Moreover, the example of the car engine may indi-
cate a possible understanding of the system boundaries of a technological system. However,
such a conclusion cannot be drawn with certainty from this example. When it comes to the
students’ use and support of the images, it is obvious that, for example, Billie uses the image
as a backing of the argumentation about the components (car engine). The same applies to
Robyn when she clarifies the dependency of the entire system (the energy supply system) on
individual components (the windmill). In addition, it is reasonable to assume that the chosen
image may give a clue about how the students understand and perceive technological systems
and components, at least when relating their images to their statements. For example, Robyn
points to the windmill as a part of the energy system when the group discuss components,
which implies that she is aware of what constitutes a component in a technological system.
However, some features of technological systems and components never really come up in
the negotiation in the group; for example, if the students understand the components in their
systems as a row with a from-to perspective, or if they would describe them in more web-like
terms. Likewise, they never clarify that a single component itself can constitute a technologi-
cal system in terms of subsystems, nor do they mention the input and output of the system.

The second example clarifies the previous situation when the teacher in a full-class discus-
sion asks Robyn what she has noted about technological systems. The excerpt begins when
Robyn starts to read from her notes.
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Excerpt 1b

Example of whole-class discussion

128 Robyn um .. d’you want me to read what I’ve written, like? Unsure

129 Teacher That’1ll be fine. Go ahead.

130 Robyn Like, well, technological systems, like in our iPads, are small
systems that work well as a large technological system ..

131 Jonathan .. electrical circuits; for example, where you put a micro-chip Breaks in when
in a computer .. [pauses] it creates an electrical system and Robyn pauses
then the computer can be part of a technological system

132 Teacher A technological system Clarifies

133 Jonathan Yeah, right .. a technological system

When Robyn is due to explain the concept technological system in the whole-class con-
text, she chooses to express her ideas in a different way than in the earlier group discussion.
This indicates uncertainty about whether the group’s mutual definition was correct or not
and she chooses to read her written explanation. In this situation, she does not involve the
word “component” or the chosen image to support her presentation. Instead, she asserts
that ... technological systems, like in our iPads, are small sys-
tems that work well as a large technological system ..(130).In
this utterance, she describes the system as large and small, which was never mentioned dur-
ing the group discussion. However, it is possible to interpret the statement, as she is aware
that an iPad is a technological system consisting of other underlying systems and that they
are connected to one another. However, it is difficult to determine whether she also refers to
the fact that the iPad is part of a larger technological system (such as the Internet), as well
as the sub-systems in the iPad. When Robyn makes a short pause, Jonathan breaks in with-
out the teacher’s request and continues Robyn’s utterance. He seems to focus on both pos-
sibilities by expressing ... electrical circuits; for example, where you
put in a micro-chip in a computer .. it creates an electrical
system and then the computer can be part of a technological
system (131). Thus, Jonathan builds on Robyn’s utterance and emphasises that one of
the small (130) systems that Robyn talked about consists of electrical circuits
(131), which together with amicro-chip .. creates an electrical system
(131). However, it is somewhat unclear what he is referring to when he then claims ... the
computer can be part of a technological system (131). One potential
meaning could be that he is referring to the fact that the electrical systems in the computer
contribute to it being complete and functioning and that it can be used as a technological
system. A more likely interpretation is that he actually wants to emphasise that the com-
puter itself consists of several technological systems (electrical systems, for example), con-
stitutes a technological system itself (iPads and computers) and that it can also be part of
a larger technological system (connected to networks). In that case, it is possible to claim
that Jonathan is aware that a component in a larger system actually may constitute a tech-
nological system itself. In any case, he may have developed some ability to express the fact
that technological systems are interrelated and that they interact with each other.

In the next example, Magnus, Chris and Alfons discuss technological systems based on
their self-chosen images (excerpt 2). The situation starts when Magnus displays his image
of a bike.

@ Springer



Students’ ideas about technological systems interacting with... 275

Excerpt 2
209 Magnus I got a bike
210 Chris Snigger
and
Alfons
211 Magnus It is! Let me explain, it’s brillfbrilliant]! Cos when you turn the Shows his
pedal, you start a cog, which starts the chain, which starts the image (fig 5)
cog, which is sitting on the wheel, which makes it spin and on a bike.
that’s really how you gain speed.
3. 5 tag age tech 1
215 Magnus A component is part of a technological system. Like, for
example, my bike where the wheel is a component.
216 Chris You like bikes, don’t you? Alfons laughs

Magnus initiates the discussion by saying I got a bike (209) and thereby indicates
that he has chosen an open technological system where most of the components are visible
and possible to identify. This means that the bike as a system is mainly not black-boxed
(Latour 1999). However, we cannot say from the excerpt that this is a conscious choice
on Magnus’s part. On the other hand, we can assert that the choice of a bike to represent a
technological system makes it easier for him to display how the various components inter-
act. This indicates that he has processed the concept of component enough to understand
the meaning and then selected the image of a bike as it fitted his purpose. Nevertheless,
he then starts to explain and clarify the relationship between the pedal-chain wheel-chain-
pinion-rear wheels by expressing .. when you turn the pedal, you start
a cog that starts the chain, which starts the cog, which is
sitting on the wheel, which makes it spin and that’s really
how you gain speed (211). In this statement, it becomes obvious that he not always
uses the correct terms, while his reasoning clearly indicates that he expresses an under-
standing on the relationship and interaction between the components in a system. This con-
clusion is further reinforced when he also expresses that A component is part of
a technological system. Like, for example, my bike where the
wheel is a component (215). Moreover, Magnus’s statements show that he is aware
of how the constituent components co-operate to achieve a specific function in order to
create a desirable technological system. However, it is not obvious that he knows that a
technological system consists of subsystems, which is one of Klasander’s (2010) criteria
when describing technological systems. In Magnus’s utterance, the components are lined
up in a from-to perspective, which is probably the most suitable in this case. One could
interpret the end of the first statement—that’s really how you gain speed
(211)—as him referring to the input and output of the system without mentioning the con-
cepts themselves. By using the word you (211), Magnus emphasises that the system needs
energy from the surroundings to work, in this case energy from a human. The students in
Svensson’s (2011) study considered resources, intentions and structures as characteristics
that describe technological systems. In the present study, Magnus’s use of the word ‘you’
could refer to the resources that humans bring to the system to obtain a desirable function.
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When it comes to the image, it is likely that the image of the bike supports and reinforce
Magnus’s reasoning of what constitutes a component and a technological system. This
means, for example, that the image helps him to remember the order of the components,
which facilitates his argumentation. In these contexts, Sdljo (2005) asserts that images
may work as artefacts that support our memory, make our thinking explicit and helping to
mediate thoughts that we have never thought before. One might argue that the images of
the technological systems in this study become external memory systems and mediational
means for the students.

In our last example (excerpt 3), Henry, Jonas, Freddy and Elmore also discuss their
images of technological systems and components.

Excerpt 3
303 Henry Technological systems first.
304 Jonas Tell us about it then.
305 Henry When components work together ..
306 Freddy Yeah, what is a component, tell us what it is? Impatient
307 Henry Like a battery, like. See fig 6
308 Jonas I've actually got a good one there.
309 Freddy Ah. Nods in
recognition
310 Jonas A computer is a rather good example of a technological system. Shows an image
of his father’s
computer (not
visible on the
video
recording)
311 Elmore No it’s not.
312 Freddy In a computer there are many components.
334 Henry A battery’s got to be a component. Shows an image
of a battery
(fig 6)
Fig 6 Henry's inage of a component
335 Freddy Yeah, it is.
336 Elmore Nah. Shakes his head
337 Jonas But I don’t play.
338 Freddy Course it is.
339 Elmore T think it is a technological system .. a battery.
340 Freddy Quite really I have no idea.
344 Freddy T don’t get what a component is.
345 Henry It’s something that makes .. I don’t know .. something else work in a
technological system.
346 Freddy It’s something that you use in a technological system.
347 Jonas It’s a part you put together in a technological system.
348 Elmore Components are different kinds of parts in electrical devices that
make other devices work.
349 Freddy Yeah, but it still doesn’t say what it is, right?

At the beginning of this excerpt, Henry makes it clear that a technological system can
be described as When components work together .... (305). However, Freddy
does not appear to be satisfied with this answer and urges Henry to develop it further and
explain what a component actually is. Henry responds with an example of a battery (307).
He does not further develop this reasoning because Jonas simultaneously emphasises that
A computer is a rather good example of a technological system
(310). Jonas continues his reasoning about computers and claims that In a computer
there are many components (312). Through this statement, he expresses some
knowledge of what a component may be. However, Elmore does not take this thread on
computers but turns to Henry and says No it’s not (311); in other words, he questions
Henry’s claim that a battery is a component. Henry does not immediately respond to this
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but, after a short moment of silence, he picks up his image of a battery and some more hes-
itant claims that A battery’s got to be a component (334). This time, Jonas
actively supports him (335), while Elmore still questions his claim (336). Henry finally for-
mulates his rebuttal and says: I think it is a technological system .. a
battery (339). This counter-argument appears to create some uncertainty among the
others, which leads Freddy to say, .. I have no idea (340)andlater I don’t get
what a component is (344). On the other hand, Elmore’s argument also provides
an in-depth discussion of what a component really is and how to define it. Henry starts the
discussion by expressing that a component is ... something that makes .. [it] ...
work in a technological system (345). Freddy and Jonas further complete the
statement by adding, It’s something that you use in a technologi-
cal system(346)and... a part you put together in a technologi-
cal system (347). Elmore focuses on the electrical parts when he asserts that Compo-
nents are different kinds of parts in electrical devices that
make other devices work (348). All of these statements actually constitute various
attempts to define the concept of component, but may also be seen as a willingness to cre-
ate a joint definition of the concept in collaboration. Freddy concludes this short discussion
by saying: ... but it still doesn’t say what it is ... (349). Through this
statement he probably wants to emphasise that they still not have a uniform and unambigu-
ous definition of the concept of component.

We argue that this excerpt constitutes an example of students demonstrating a relatively
developed knowledge of components and technological systems simultaneously as they
express some shortcomings or misunderstandings about the concepts. For example, at the
start of the excerpt Henry defines a technological system as a system in which compo-
nents work together (305) and most of the students are able to provide examples of systems
and their components (computers and batteries). However, different views arise regarding
whether batteries can be counted as components or as complete technological systems.
Henry argues that a battery is a component (307) and Elmore that it is a technological
system (339). The example of the battery is complicated as the system is black-boxed for
the viewer (Latour 1999). The different ideas divide the group but also lead to a productive
conversation about the issue. The conclusion that something can be both a component in a
system and a system in itself never appears in the discussion. Moreover, this particular and
double relationship between components and systems constitutes relatively abstract knowl-
edge, while also providing an essential prerequisite for developing a deeper understand-
ing of technological systems. We would also like to highlight the final discussion in the
excerpt as an example of a process of common definition of the concept. All of the students
individually provide a correct contribution to such definition simultaneously, as the indi-
vidual contribution is not enough to formulate the definition alone. However, the group
never reach an unambiguous and commonly agreed definition, which Freddy also points
out at the end (349). A possible alignment to enhance the conversation could be to ask the
students what kind of input and output the battery has or to explore it from the inside.

Summary of the results
In our analysis of the excerpts and in the overall data material we have found examples
of situations in which concepts, theories and relationships regarding technological sys-

tems cause obvious problems among the students. This means situations in which most of
the students clearly indicate that they do not understand a concept or realise its meaning.
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On the other hand, we also have a relatively large number of situations in which students
clearly demonstrate that the concepts and relationships between them do not cause such
problems. Our examples of excerpts display both types of situation. Our intention is now
to try to summarise the knowledge area of technological systems from the perspective of
how students in this study perceive and understand it. We also intend to suggest an overall
model (Tables 1, 2, 3) that describes the opportunities and problems that may arise when
students try to make sense of technological systems. Where possible and appropriate, we
intend to compare our analysis with the results of other studies to create as reliable a model
as possible. We do not claim that our model is complete or that it covers all the issues and
opportunities that the area encompasses. Nor should our suggestions be interpreted as a
claim that knowledge about technological systems is linear or that learning in this area
is built on hierarchical principles. Based on the results of this study, it is not possible to
express valid statements about this.

Thus, the analysis of the excerpts resulted in three main categories describing how stu-
dents use the concepts related to technological systems and components and how these
may be interconnected. The main categories, together with the underlying sub-categories,
are an attempt to structure the subject content that the students talked about during the
discussions. For example, the students used different conceptual systems when describing
technological systems, which are displayed as sub-categories in Table 1. This means that
technological systems can be open or closed, that the systems scale and complexity are
continuous from the simple to the advanced, and that a technological system could be a
component in another technological system.

Most of the students in the study had no problem describing a technological system
as consisting of different parts (components) and that these parts work together to cre-
ate a desirable function. For example, Magnus (excerpt 2) described the wheel on a bike
as a component in a technological system, and Jonas (excerpt 3) put the components
together in a computer to explain a technological system. In this context, Bjurulf (2011)
stresses that technology education should not only include specific components and
artefacts without relating them to the broader context in which they fulfil desirable func-
tions. In the third excerpt, the students’ contrasting explanations on a battery became
explicit when Henry understood the battery as a component and Elmore described it as
a technological system. However, none of the students expressed that the battery could

Table 1 Overall categories describing how students use the concept of technological systems and compo-
nents

Main category Sub categories

A. Technological systems consisting ~ Open systems and closed systems (black-boxed)

of components The systems scale and complexity (from simple to more advanced)
Technological systems as components in other technological
systems
B. Components as part of a whole Components working together to achieve a desirable function

Missing component changing the system or its function
Components as technological systems

C. Structure of technological systems Components lined in a row; a ‘to-from’ perspective
Input and output of the system
Components structured in a web; a web-like perspective
Sub-systems and hierarchies
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Table 2 Categories describing
students’ use of technological
terms without mentioning the
subject-specific terms

Main category

D. System control, feedback, flow and information
E. System boundary and system surroundings
F. Socio-technological perspectives

be either, depending on the context. We argue that it is central and important to express
the principle that a technological system can be a component of another technologi-
cal system. This would imply an understanding of the relation of components and sys-
tems and the idea that new inventions in technology often put smaller parts or systems
together to achieve a new technological system that solves a formulated problem.

Further, some of the students tended to view components as a part of the whole
without mentioning that the parts’ functions interact with each other to create a work-
ing whole. For example, Robyn described components in a circuit board as parts of the
whole thing or as parts of a bigger entity (excerpt la). However, she mentioned that
if you take one part away, it will influence the rest of the system. These results are in
line with Svensson’s (2009) study. When it comes to describing the structure of techno-
logical systems, Magnus (excerpt 2) used a schematic image of a bike to explain how
the different components interact to make the wheel spin. In this description, he also
included human interaction as a prerequisite for the system to function. It may also be
noted that, when choosing an image, he chose an open system that makes the compo-
nents visible and easier to describe. Svensson (2011) found that a large proportion of
students show that they have difficulty connecting the different components to each
other and explaining how they work together. Similar difficulties were also found in
this study. However, in excerpt 3 Elmore stressed that components are different parts in
electrical devices that make other devices work when he argued that a battery is a tech-
nological system. This way of arguing could indicate that Elmore understood systems
in a more web-like perspective, although more examples are needed in order to say this
with certainty.

It is rarely possible to describe technological systems based on theoretical terms, such
as, system boundary and socio-technological perspectives. However, there are situations
when students used the content of the concept without mentioning the term itself. We have
summarised this type of underlying concepts in Table 2.

The concepts in Table 2 describe technological systems in a more advanced and abstract
perspective and, above all, aim to put the systems in a broader context. As mentioned, the
students did not actively use these terms, but occasionally discussed similar content. For
example, the students in excerpt 3 vigorously discuss whether a battery may be consid-
ered as a technological system or a component without reaching a joint solution. However,
to understand that a battery can be understood simultaneously as a technological system
and as a component in another system can help students to understand the principles of

Table 3 Categories describing
possible areas of expanding the
group discussions

Main category

G. Co-operation in larger systems
H. Global technological systems; e.g. the Internet

1. Areas of use (possibilities and risks)
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a systems boundaries, surroundings and flow. In other words, it can help them under-
stand that technological systems and components, as concepts, can be regarded as rela-
tive concepts where the environment and human interactions with the systems need to be
described in order to decide what is what (Svensson 2011). We also argue that the concepts
in Table 2 are important in technology education because their explicit use helps students
to put words on crucial principals about technological systems. The table also provides
examples of concepts that students in this study perceived as relatively abstract and com-
plicated, thus offering a tool for teachers in technology who want to expand their students’
understanding.

Finally, there are content-related principles of technological systems that none of the
students mentioned or related to at any time during the discussions (see Table 3). Students
in our study seemed to need support and input from teachers, or other learning tools, such
as study material. The main categories in Table 3 could be seen as areas of possibility to
expand the teaching further. Together, Tables 1, 2 and 3 form our proposal for a model that
forms a teaching strategy on technological systems.

Final discussion and implications

The main purpose of this study has been to explore how students understand technologi-
cal systems and the relationship between different systems and their components. It has
become clear in our analyses that there are underlying concepts and principles of techno-
logical systems that have different levels of difficulty and complexity for students in com-
pulsory school (aged 13-14). Using a summary of these analyses and results from other
studies, we have concluded that students’ perceptions and knowledge about technological
systems seem to be divided into three levels of difficulty, which we have compiled in three
tables. The first level (Table 1) consists of concepts and principles that a relatively large
number of students actively use and seem to comprehend when discussing these issues.
However, it is important to emphasise that this does not apply to all students and that cer-
tain principles and concepts on this level are experienced as more difficult than others. This
applies, for example, to the principle that a technological system could be a component in
another technological system or to view systems in a web-like perspective. Nevertheless,
Table 1 aims to describe the concepts and principles of a technological system that most
of the students in our study perceived as concrete and relatively easy to understand. The
main categories of Table 1 are that technological systems consist of components, that a
component is a part of a whole, and the structures of the technological systems. These
results are mainly in line with the conclusions in other studies (e.g. Svensson et al. 2012).
The other two levels consist of concepts and principles that are perceived to be consider-
ably more abstract and difficult for the students to encompass (see Tables 2, 3). The middle
level (Table 2) consists of concepts and principles that students discussed only implicitly,
and the highest level (Table 3) comprises concepts and principles that none of the students
mentioned at any time during the study (Table 3). For example, none of the students men-
tioned or related to the terms ‘system boundaries’ or ‘system flow’ at any time during the
discussions.

An important implication is that the concepts and principles in Tables 2 and 3 need
explicit attention in technology teaching in compulsory school. By giving students the
opportunity to learn to use the correct terms, they will acquire a technical language that
facilitates their understanding. We argue that the ability to put more precise terms on the
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thoughts and ideas the students express may be defined as a kind of knowledge develop-
ment in this context. Another important conclusion is that the students’ joint discussions
have been of crucial value for their knowledge development and their ability to express
themselves about technological systems. One example of this is the discussion in excerpt 3,
where the students express different hypotheses about whether a battery may be considered
as a component or a technological system. However, the group does not really solve the
problem, but it does create an explicit need to define the different things. The discussions
also clarified different perspectives from the members of the group and could contribute
to developing students’ awareness of critical perspectives on important society decisions
in the future, effects of technological solutions in society and daily life choices. A con-
scious teaching strategy could actively support the development of this awareness. First,
it implied that the students received examples of different types of technological systems
from the relatively simple to considerably complex. Second, the individual presentations of
the chosen image forced reflection and argumentation about how the chosen system could
be defined as a technological system. Third, the choice of an image meant that the students’
thoughts and ideas about technological systems and components became explicit. As part
of such a strategy, we suggest letting students choose images as a representation of a tech-
nological system. This way, teachers could gain insights into students’ prior knowledge and
possible misconceptions. In addition, the process of explaining, comparing and justifying
their choice of images could help advance students’ understanding of technology.
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