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Abstract

Children’s learning about artefacts as technological solutions is a central part of early
childhood technology education. This study investigates what aspects of artefacts teach-
ers address in their teaching as well as any relationships between teachers’ conceptions
of technology and their teaching of artefacts. We investigated this using a questionnaire
and conducting factor and cluster analyses. Results showed that most preschool teachers
include artefacts in their technology teaching. Aspects addressed in this teaching are the
artefact’s common use and name, the fact that the artefact solves a problem and has a (pur-
posefully designed) physical nature, humans’ role in its development, and the temporal
aspect of the development and that the artefact is a technological object. The most common
aspects addressed are the name of the artefact and what it is normally used for. The least
common aspects include the artefacts temporal development and the human’s role in their
development. Only one cluster-group stated they teach this more often than “almost never”,
this is the group that strongly agreed with statements referring to technology as both an
artefact and a process. However, agreement with technology being both artefact and pro-
cess was no guarantee for including this kind of content. This relation is further discussed.

Keywords Technology education - Technological artefacts - Conceptions of technology -
Early childhood education - Preschool teachers

Introduction

Early childhood technology education is a young but growing research field (Eliasson
et al., 2023; Su et al., 2023). Studies regarding what teachers offer preschool children in
technology education have mainly been qualitative studies (Su et al., 2023) and focused
on construction and problem solving (see e.g. Bostrom, 2022; Campbell & Jobling, 2008;
Gold & Elicker, 2020; Hallstrom et al., 2015; Kodsi, 2020; Svensson et al., 2019; Thor-
shag & Holmqvist, 2018; Walan et al., 2020). Another important aspect of technology in
preschool, stated in the Swedish preschool curriculum (National Agency for Education
[NAE], 2018), is exploring the technological solutions that surround us. In this aspect,
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Oqvist and Hogstrom (2018) emphasised that technology is part of the preschool environ-
ment, and preschool staff can use it naturally to help children recognise technological arte-
facts and become familiar with them. In such activities, children can reflect on issues con-
cerning the use, benefits, functions, materials, design and construction of these artefacts,
which is necessary to use and assess technology in everyday life. This type of knowledge is
part of technological literacy, emphasised by Williams (2007) as important for all members
of a democracy and described by Dakers (2017) as a universal goal for technology educa-
tion. Therefore, this study’s focus is the teaching of technological solutions in the form of
technological artefacts, which in the remainder of the article will be referred to only as
artefacts.

Previously, researchers found that although preschool was full of artefacts, teachers did
not make use of them to promote learning in technology (Bairaktarova et al., 2011). More
recent research on what teachers teach with regard to artefacts includes the names of the
artefacts, how to use them (Eliasson et al., 2024; Nilsson et al., 2022; Sundqvist, 2019),
their purpose and function (Eliasson et al., 2024; Johansson, 2020; Sundqvist, 2019), their
relationship to nature and humans, and how they can be used to solve problems for society
(Johansson, 2020). However, these studies say nothing about the frequency of this teach-
ing, and according to the Swedish Schools Inspectorate (2017), the teaching of artefacts is
scarce in preschool education. This could perhaps be explained by the fact that many pre-
school teachers perceive that they lack knowledge of technology (see e.g. Campbell, 2010;
Elvstrand et al., 2018; Jones et al., 2013).

In the field of technology education, the importance of knowing what technology is and
what characterises it is often highlighted. A common conception among people, including
teachers in preschool and compulsory schools, is that technology is computers or other
electronic and digital products (de Vries, 2016). It is also common for technology to be
confused with general science (Lachapelle et al., 2006; Sundqvist et al., 2015). For teach-
ers, it is important that their understanding of technology includes all of the human-made
world as well as the processes and knowledge used in this creation. Some researchers have
emphasised this as the most important knowledge for a teacher who is teaching technology
(Forret et al., 2015).

However, an advanced conception of technology does not guarantee effective teaching.
Small-scale studies have indicated that even when preschool teachers’ understanding of
technology is advanced, their teaching of it is too simple to challenge and develop chil-
dren’s learning (Nilsson et al., 2022; Sundqvist et al., 2018). In a previous study (Sundqvist
et al., 2018), we looked at the relationship between preschool teachers’ conceptions of
technology and their teaching of it. This was a small-scale study that included participants
who expressed interest in technology. The study showed that the participants had advanced
conceptions of technology. We also analysed documentation of activities the participants
described as those in which the children engaged in or learned about technology. The
vast majority of these concerned the use of artefacts. When the participants were asked
to explain why they chose this content, they said children needed to be presented with
the simple aspects of technology, such as the names and applications of artefacts, before
engaging in more advanced aspects, such as problem solving.

In a later study (Nilsson et al., 2022), we analysed the same documentation of activi-
ties, but this time, we also included the dimension of how the interaction with technology
took place (in addition to the conceptions of technology as part of technological literacy)
and whether the activity was initiated by the child or the teacher. This showed that child-
initiated activities almost exclusively concerned the more advanced and high-capacity cat-
egories (Collier-Reed, 2006) for the conception of and interaction with technology, while
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teacher-initiated activities tended to be simple and low-capacity categories (Collier-Reed,
2006). We challenged the explanations given by the preschool teachers for their teaching
being at such simple levels. While children showed confidence in their own technical abili-
ties, tinkering to understand how to use an artefact or solve a problem, the documentation
did not show teachers encouraging this; instead, they gave instructions and told children
how to use the artefact. This indicated that the teachers’ teaching was not in line with the
children’s knowledge and curiosity, suggesting that preschool teachers do not recognise
children’s abilities or may underestimate them, as has been shown in other studies (Fox-
Turnbull, 2018; Mawson, 2013).

To summarise, our limited knowledge about what is taught regarding artefacts in
preschool is based on small-scale qualitative studies. This picture of the field was also
described in a literature review (Su et al., 2023). We therefore recognised the need to com-
plement this knowledge with larger-scale studies. Also, studies on the relationship between
teachers’ conceptions of technology and what they teach have shown contradictory results
and require further investigation. The aim of this study was to investigate what aspects of
artefacts teachers address in their teaching and to further explore the relationships between
teachers’ conceptions of technology and their teaching of artefacts. The research questions
are as follows:

1. What aspects are focused on in the teaching of technological artefacts, and how frequent
is this teaching?

2. How can different groups of preschool staff be characterised based on their teaching of
artefacts and conceptions of technology?

We investigated these questions using a questionnaire and conducting factor and cluster
analyses.

Technology in the Swedish preschool curriculum

This study was conducted in Sweden, so a short overview of the assignment regarding
technology education, as formulated in the curriculum, is provided. The Swedish preschool
curriculum (NAE, 2018) is divided into two parts. The first part describes the overarching
task of the preschool, including fundamental values and the holistic approach to teaching
and caring. The second part provides goals and guidelines, such as goals about what chil-
dren should have the possibility to learn. For technology, it states that children should be
provided with the conditions to develop “an ability to explore, describe with different forms
of expression, ask questions and discuss science and technology; an ability to discover and
explore technology in everyday life; and an ability to build, create and construct with the
help of different techniques, materials and tools” (NAE, 2018, p. 15). It also includes goals
related to understanding how people, nature and society affect each other and how choices
in everyday life can contribute to sustainable development. In the first part of the curricu-
lum, a historical perspective is given, as it states that the preschool should work to transfer
and develop a cultural heritage from one generation to the next. The goals are expressed in
few words, leaving preschool teachers with the task of interpreting them and determining
how to apply them in practice, that is, what specific content to teach and how to teach it.

In order to investigate what aspects of artefacts teachers address in their teaching, we
turn to research to find what is considered relevant and important for children to learn
about with regard to artefacts. This is outlined in the following section.
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Relevant learning for preschool children

De Vries (2005) identified different types of knowledge about artefacts. Apart from the
practical knowledge required to handle artefacts, he defined four types of propositional
knowledge: 1) functional nature knowledge regarding the artefact’s specific function, 2)
physical nature knowledge regarding the artefact’s specific shape, material, etc., 3) the
relationship between physical and functional nature knowledge regarding the artefact’s
suitability for certain functions, and 4) process knowledge regarding how the outcome
of the (intended) function can be realised through a series of actions, that is, knowl-
edge about how to use the artefact. The focus on function also implies a normative
aspect. Artefacts can be valued as good or bad depending on how well they carry out the
intended function.

Research has shown that the different types of knowledge presented by de Vries
(2005) are appropriate for preschool education. Children generally seem to have an
interest in the function of artefacts (Kemler Nelson et al., 2004) and Kemler Nelson
et al. (2000) found that four-year-old children categorised artefacts based on function
rather than on shape and appearance. This is important, considering that we generally
name and categorise artefacts based on their functions. Kemler Nelson et al. (2008) also
found a relationship between learning the names and learning the function of artefacts.
When the children in their study were provided with the name of an artefact, it prompted
them to further investigate the artefact to seek out its function. When they were pre-
sented with the intended function of the artefact, they more easily learned its name.
The authors therefore argued that young children’s naming of artefacts is related to the
functions or conceptual categories of the artefacts. Even children as young as two years
old have been shown to rapidly learn the function of an artefact when it is presented by
an adult. They then categorise it based on that function and use it only for that, avoiding
using it for other possible purposes, even when it would seem more practical to do so
(Kasler & Kelemen, 2005). However, three- and four-year-olds have shown that they can
relate the appearance of an artefact to its intended function (Asher & Kemler Nelson,
2008), that is, the knowledge described by de Vries (2005) as knowledge of the relation-
ship between the physical and functional nature of artefacts.

Several researchers have also pointed out the importance of putting the artefact in
context and thereby avoiding overly product-centred teaching (Axell, 2020; Mawson,
2013). Studies have shown that the teaching of artefacts’ relationships to issues of soci-
ety and nature has been found wanting in preschool education (Mawson, 2013). Eliasson
et al., (2023, 2024) also claimed that the historical aspect should be taught in preschool
and is necessary for children’s emerging understanding of the nature of technology.

Lastly, the development of an appropriate understanding of technology and artefacts
is highly relevant in technology education (Jones et al., 2013). Research has shown that
children have narrow conceptions of technology (Riicker & Pinkwart, 2017) or none at
all (Mawson, 2010), perhaps because preschool teachers do not use the word ‘technol-
ogy’ in conversations with children (Sundqvist, 2020). In Riicker and Pinkwart’s (2017)
study, the narrow conception included new and high-tech artefacts, excluding older arte-
facts and those that did not use electricity. Even among adults, the common view is that
technology is computers and other high-tech artefacts (de Vries, 2016) which gives the
impression that technology is something difficult and complex and can be understood
only by experts (Benenson, 2001). These studies highlight the importance of enabling
children to develop their concept of technology already in preschool. Broadening the
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concept of technology to include both simple and older technologies, as well as tech-
nological processes and people’s role in these, is important for children to understand
technology and realise their possible role in technological processes.

The research presented above informed the section of the questionnaire investigating
what is taught in relation to artefacts in preschool. Another section of the questionnaire
investigated the participants’ conceptions of technology. In the next section, we provide the
framework that guided this part of the study.

A framework for the study of conceptions of technology

To study conceptions of technology, we used the framework created by Collier-Reed and
colleagues (Collier-Reed, 2006; Luckay & Collier-Reed, 2014). In his doctoral studies,
Collier-Reed (2006) created a questionnaire (Technological Profile Inventory [TPI]) to test
peoples’ technological literacy, in which conceptions of technology were included. In his
study of South African 15-year-old students’ conceptions of technology, he described five
ways to conceive of technology: 1) artefacts, 2) the applications of artefacts, 3) the process
of artefact progression, 4) the use of knowledge and skills to develop artefacts and 5) a
solution to a problem. There is a hierarchy between the categories, from the simplest con-
ception of technology (1) to the most advanced (5). Categories 1 and 2 relate to the arte-
fact itself and its applications, which are considered simple product-centred conceptions,
while categories 4 and 5 concern the process of making and developing artefacts and are
considered more advanced process-centred conceptions. Category 3 encompasses parts of
both using and making. In the testing and validation of the questionnaire, the five catego-
ries were merged into two: Artefact, including categories 1 and 2, and Process, including
categories 3—5 (Luckay & Collier-Reed, 2014). Although there are other frameworks that
describe technology (e.g. DiGironimo, 2011; Mitcham, 1994) and thus could have been
used to inform our study, we chose this one because of the accompanying questionnaire to
investigate conceptions of technology. Also, Collier-Reed’s categories for how to describe
one’s conceptions of technology align well with how Swedish preschool teachers talk
about technology (Sundqvist et al., 2015) which adds to the relevance of the tool in this
specific context. We have tested the TPI questionnaire in the context of Swedish preschool
and found it reliable (Sundqvist & Nilsson, 2022).

Methods
Data collection

The questionnaire was conducted within an existing collaboration (including professional
development [PD]) between the researchers and public preschools in a Swedish munici-
pality. The digital questionnaire was primarily conducted for the purpose of assessing the
effects of the PD, as the first of two (pre- and post-) questionnaires. It included many ques-
tions regarding technology education, the participants’ conceptions of technology, and
their teaching. Hence, this questionnaire was conducted before the PD began. A list of all
staff members’ email addresses was provided by the municipality s administrative system
via the leader of preschool development. The list contained 324 email addresses to which
the questionnaire was sent. A total of 211 responses were received. An examination of the
responses revealed that some professional groups who did not work with teaching children.
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These groups were excluded from the study, leaving 184 participants who were either pre-
school teachers (n=385) or childcare attendants (n=99). The sample included 180 women,
3 men, and 1 other. Their ages varied from under 25 to over 56. Their experience of work-
ing in preschools ranged from less than 1 year to more than 36 years, and of the 184 par-
ticipants, 60 had some kind of education in technology. This varied from a few hours of
professional development to 7.5 ECTS credits in the preschool teacher programme.

This study used two sets of questions from the questionnaire. The first was used to
understand what aspects of artefacts were included in the participants’ teaching and the
frequency of this teaching. Here, the participants were prompted to imagine an activity in
which they let children explore some artefact. We provided many examples of artefacts,
such as a phone, zipper, pen, stapler, crochet hook and toy. We then asked about when and
how often such activities occurred, and how often (never, almost never, sometimes, almost
always or always) the participants discussed 12 topics with the children: 1) the fact that it is
a technological object; 2) what the object is usually used for; 3) what else the object can be
used for; 4) what problem/need the object solves/meets; 5) what other objects solve/meet
the same problem/need; 6) how the object is designed, e.g. how it looks, what materials it
is made of and how it feels in the hand; 7) how the design of the object is appropriate in
relation to what it is used for, i.e. how the design is adapted to the function of the object; 8)
the fact that it was a human who invented/designed/produced the object; 9) what abilities
and knowledge were required by the person who invented/designed/produced the object;
10) how the object has developed over time; 11) how the object can be developed in the
future; and 12) the name of the object. The frequency was converted to numbers for statis-
tical analysis (always =5, almost always =4, sometimes =3, almost never=2 or never=1).
The items were formulated to meet the content described in previous research as relevant to
preschool technology education.

The second set of questions aimed to measure the participants’ conceptions of technol-
ogy. For this, we used the TPI questionnaire created and validated by Luckay and Collier-
Reed (2014). It contained 14 items relating to technology as either an Artefact or Process,
with responses on a 7-point Likert scale ranging from °I totally disagree’ (1) to ‘I totally
agree’ (7).

Data analysis

Driven by our research questions, variable-based and person-based analysis approaches
were used. Variable-based methods are generally used to explore relationships between
variables, whereas person-based approaches offer what Howard and Hoffman (2018) called
a “more fine-grained level of detail” (p. 3) as they identify subgroups in the sample.

Descriptive analyses were undertaken to analyse the frequency of teaching artefacts. We
then used factoring techniques to analyse what is addressed in the teaching of artefacts, and
based on the factor solution, cluster analysis was performed to identify groups of partici-
pants. To determine whether there were any differences between the cluster groups regard-
ing background variables, one-way ANOVAs were performed.

Descriptive and factor analysis
To answer Research Question 1, descriptive analyses were first conducted to explore what

content was focused on in the teaching of artefacts and how frequent the teaching was.
As shown in Table 1, of the 184 participants, 8 indicated they never initiated activities to
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Table 1 Frequency of teaching

How often do you initiate an activity or use an opportu- Number of
about artefacts

nity to let children explore a technological object? responses
(%)
Never 8(4)
Less than a few times a quarter 10 (5)
A few times a quarter 19 (10)
A few times a month 58 (32)
A few times a week 51(28)
Every day 38 (21)

explore artefacts, meaning 176 participants responded to the questions regarding the 12
topics and their frequency, and were subsequently subjected to factor analysis.

A factor analysis was conducted to reduce the variables for teaching of artefacts. This
was done both to be able to describe the teaching content qualitatively and to prepare the
data for cluster analysis. It is important to consider the sample size when performing a
factor analysis. Different recommendations exist in the literature, but many recommend a
sample no smaller than 100 (Cohen et al., 2011; Kline, 1994) and a sample-to-variable
ratio of at least 5:1 (Cohen et al., 2011). Our sample of 176 participants had a sample-to-
variable ratio of 15:1.

Before conducting the factor analysis, each item’s suitability for factorisation was
checked. We followed the recommendations by Cohen et al. (2011); thus, we used Bar-
tlett’s test of sphericity, which should show statistical significance, and did (p <0.001).
The result of the Kaiser—-Meyer—Olkin measure of sampling adequacy, which should be no
lower than 0.6, was 0.859. After exploring a few factor solutions, we chose a four-factor
solution (see Table 2), which explained 79.7% of the total variance. This provided a dis-
tinct factor solution that corresponded well with the theory and results of previous studies.
Cronbach’s alpha was computed for each factor, and values of 0.70 or greater were consid-
ered satisfactory (Hajjar, 2018).

Cluster analysis
To address Research Question 2, the analysis was conducted in three steps. First, to con-

firm the internal reliability of the variables from the TPI questionnaire (Luckay & Collier-
Reed, 2014), Cronbach’s alpha was used with satisfactory results (see Table 3).

Table 2 Results from the factor analysis

Factor Variables (items) Cut-off point Cronbach’s alpha
The teaching of Artefacts address

1. A technological object’s temporal aspects and 1,8,9,10, 11 0.698 0.905
humans’ role

2. The artefact as a solution to a problem 3,4,5 0.726 0.843

3. The artefact’s common use and name 2,12 0.880 0.862

4. The artefact’s (purposefully designed) physical 6,7 0.644 0.766
nature
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Table 3 Reliability of categories

for conception of technology Conception of technology Number of variables Cronbach’s alpha

Artefact 6 0.734
Process 8 0.845

Second, the variables (factors) from the factor analysis and the variables concerning
conceptions of technology were subjected to a K-means cluster analysis with five clusters.
The cluster analysis was run through a hard clustering method whereby each data point
either belonged to a cluster completely or not.

Finally, descriptive statistics and one-way ANOVAs were run on the background varia-
bles to find possible characteristics of the individuals in the clusters. Significance was set at
p <0.05. The background variables were professional group, years of working experience,
age, education in technology and self-assessment of topic knowledge in technology. From
the results of previous studies (Sundqvist et al., 2015, 2022), we expected to see significant
differences in relation to professional group and education in technology, and we hypoth-
esised that self-assessment of topic knowledge would also show significant differences.

Compliance with ethical standards

The study was conducted in accordance with the ethical considerations of the Swedish
Research Council (2017). Via a cover letter, the respondents were informed of the study’s
aim, that participation was optional and that the use of material and personal data was
confidential. Because the questionnaire was performed as part of assessing the PD and the
heads provided time for the staff to take the questionnaire, extra consideration was given
regarding optional participation and ensuring that both the participants and the heads
understood its meaning.

Results
The results are presented to address the two research questions. Research Question 1 is
addressed under the content and frequency of the teaching of artefacts, and Research Ques-

tion 2 is addressed under groups of preschool staff and what characterises them in relation
to the teaching of artefacts and conceptions of technology.

Content and frequency of the teaching of artefacts
The factor analysis resulted in four factors describing what was addressed in the teaching

of artefacts. They are presented here, starting with the most frequent and ending with the
least frequent.

The artefact’s common use and name
This factor includes two items that concern the name of the artefact (12) and what it is nor-

mally used for (2). As shown in Table 4, these were the most commonly taught aspects of
the artefact, addressed always or almost always by about 90% of the participants.
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The artefact as a solution to a problem

This factor includes three items: alternative uses of the artefact (3), what problem or need
the artefact solves or meets (4), and whether there are other objects that meet the same
need (5). They all highlight the artefact as the solution to a problem in different ways.

The artefact’s (purposefully designed) physical nature

This factor encompasses two items that address the physical nature of the artefact: how the
artefact is designed, such as its shape, material and components (6), and whether its design
is more or less fit for purpose (7).

A technological object’s temporal aspects and humans’role

This factor includes humans and their role in technology (8, 9), the historical and future
development of the artefact (10, 11) and the fact that the artefact is a technological object
(1). It includes five items and could be summarised as the teaching of a passionate technol-
ogy teacher because the content was addressed frequently by less than half of the partici-
pants. As shown in Table 4, these items were the least common in the teaching of artefacts.

Groups of participants and their characterisations

Of the 176 participants who reported teaching artefacts, 12 did not answer all the questions
about their teaching of artefacts and were therefore excluded from the cluster analysis. The
groups presented in Table 5 comprise 164 participants. The cluster analysis revealed five
groups of preschool staff and what characterised them regarding their conceptions of tech-
nology and what they taught in relation to artefacts.

Group 1 was the second largest group. This group strongly agreed with statements refer-
ring to technology as a Process but also acknowledged technology as an Artefact. When
they taught about artefacts, they claimed to almost always address the name and common
use of the artefact, the artefact’s (purposefully designed) physical nature and its function
as a solution to a problem. They also sometimes addressed the fact that the object was
technological, humans’ role in its development and the temporal aspect of its development.
Group 2 was the smallest group. They seemed unsure about what technology is, as they did
not agree with statements referring to technology as either an Artefact or a Process. In their
teaching of artefacts, they reported almost always addressing the name and common use of
the artefact and sometimes also addressed the artefact’s function as a solution to a problem.

Group 3 agreed, but not very strongly, with statements referring to technology as both
an Artefact and a Process. They almost always addressed the name and common use in
their teaching of artefacts, and they often addressed the artefact’s (purposefully designed)
physical nature and its function as a solution to a problem. Group 4 was the largest group.
They also agreed, more strongly than Group 3, with statements referring to technology as
both an Artefact and Process. When teaching about artefacts, they almost always addressed
the common use and name of the artefact and sometimes the problem-solving nature of the
artefact. Group 5 clearly perceived technology as a Process. Their teaching was similar to
that of Group 1, as they claimed to almost always address the name and common use of the
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artefact, the artefact’s (purposefully designed) physical nature and its function as a solution
to a problem. They also sometimes addressed the fact that the object was technological,
humans’ role in its development and its temporal development.

Having obtained the clusters, descriptive statistics and one-way ANOVAs were con-
ducted on background variables to determine whether the clusters differed significantly in
terms of professional group, age, education in technology, years of working experience or
how they rated their topic knowledge in technology. No significant differences were found
between the clusters in relation to these variables. This suggests that the cluster patterns
obtained were solely based on commonalities in the participants’ conceptions of technol-
ogy and teaching of artefacts and were not influenced by any of the assessed background
variables.

Discussion

In accordance with the results section, the discussion will be divided to address the two
research questions, under the headings Content and Frequency of the Teaching of Artefacts
and Differences between clusters. Thereafter we address the study’s quality and limitations,
and implications.

Content and frequency of the teaching of artefacts

The most common preschool artefact teaching practice can be summarised as naming the
artefact and discussing its use and the problems it normally solves. This is in line with
previous research (e.g. Eliasson et al., 2023). However, with respect to the past, present
and future, it seems like preschool artefact teaching practice is reduced to the present. In
their systematic literature review, Eliasson et al. concluded that historical aspects are usu-
ally not included but have a relevant place in preschool artefact education. The absence of
a historical aspect is also something we have found previously in small-scale studies (e.g.
Sundgqvist, 2019). Based on this larger sample and different design, we can conclude that
both history and the future are unlikely to be included in preschool artefact teaching, but
as shown in the cluster analysis (Table 5), there were two groups (1 and 5) that included
these. Hence, we must be careful stating it as a truth: history and future were the least fre-
quently taught aspects of the artefact, but some teachers reported engaging children in such
activities. Talking about artefacts as technological objects and including humans’ role in
technology showed similar results. Previous studies have found that children have narrow
conceptions of technology (Riicker & Pinkwart, 2017) or none at all (Mawson, 2010). They
have also demonstrated the need to broaden children’s conceptions to include both older
and simple artefacts and humans’ role in technology (Benenson, 2001) so they can under-
stand their role in technology, not only as users but also as designers and producers. How-
ever, this study supports previous findings (Sundqvist, 2020) that most preschool teachers
do not encourage children to develop their concept of technology.

Using Collier-Reeds’ (2006) terminology, the information presented above could
be described as product-centred teaching of artefacts. Our results suggest that although
some teachers address aspects that could broaden understanding by placing the artefact in
context (item 3, which focuses more on the function than the artefact, and item 5, which
focuses more on the problem the artefact can solve than on the artefact itself), this is not
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as common as the more artefact-centric questions. The importance of context has been
addressed previously by other researchers (e.g. Axell, 2020; Mawson, 2013).

Relating the results to the four types of propositional knowledge of artefacts—func-
tional nature knowledge, physical nature knowledge, the relationship between physical and
functional nature knowledge, and process knowledge (de Vries, 2005) —we can see that
most preschool teachers frequently address the first three types in their teaching about arte-
facts. Previous research also indicates that the fourth type is commonly addressed (Nilsson
et al., 2022; Sundqvist, 2020; Sundqvist & Nilsson, 2018).

Since artefacts are typically conceptualized based on their function, understanding
their function is crucial for children’s comprehension of categories such as cutlery (arte-
facts used for eating), knives (artefacts used for cutting), clothes (artefacts used for warmth
and coverage), and vehicles (artefacts used for transportation). The youngest children in
preschool have yet to encounter many common artefacts, making it important to support
their understanding. Research by Kemler Nelson et al. (2008) has shown that naming arte-
facts—the most common thing to teach according to the participants here—can facilitate
this process. Also, even children as young as two years old have been shown to quickly
learn the function of an artefact and then use it exclusively for that purpose, even when
it could serve other functions (Kasler & Kelemen, 2005). To be able to see other possible
functions, they must develop the third type of knowledge outlined by de Vries (2005)—an
understanding of the relationship between an artefact’s physical and functional nature. The
results suggest that this understanding emerges in activities where artefacts are explored,
particularly among preschool teachers who have a strong conception of technology as a
process or who strongly agree that technology encompasses both artefacts and processes.

Differences between clusters

The cluster analysis showed some differences in the teaching of artefacts in relation to the
participants’ conceptions of technology. At first glance, it appears that teachers who had
a strong conception of technology as a Process or agreed with statements that described
technology as both Artefacts and Processes taught all the aspects asked about in the ques-
tionnaire, while a weak conception of technology meant that little was taught. However, if
we look more closely at the groups, we see one group that stands out regarding their con-
ceptions of technology and their teaching of technology: Group 4. Although they agreed
that technology was both an Artefact and a Process, their teaching mirrored that of Group
2, who did not view technology as either an Artefact or a Process. Thus, Group 4 is similar
to the participants in Sundqvist et al. (2018) who had an advanced conception of tech-
nology but only taught aspects that related to technology as an Artefact. Perhaps this can
be explained by preschool teachers underestimating children’s abilities and knowledge and
teaching on an overly simple level, as found in previous research (Fox-Turnbull, 2018;
Mawson, 2013). Also, if this result is put in the context of the Swedish preschool cur-
riculum (NAE, 2018), it is not an unexpected result. In the second part of the curriculum,
which describes goals for technology as a content area, there is not much support for teach-
ers to include the temporal development of artefacts or humans’ role in technology. How-
ever, with respect to the first, more general part of the curriculum, it is evident that both
history and the future are important, since preschool should transmit and develop cultural
heritage, providing an opportunity to integrate the teaching of artefacts in a wider historical
context.

@ Springer



1758 P. Sundqvist et al.

Although previous research has shown that background variables such as professional
group and education in technology impact how preschool teachers understand technology
and technology teaching in preschools (Sundqvist et al., 2015, 2022), our results showed
no significant differences between the cluster groups in terms of any of the background
variables assessed by the survey.

Quality and limitations of the study

In relation to the fact that no background variables could explain the differences between
the clusters, a limitation of this study is the fact that the participants’ previous technology
education could not be comprehensively determined. It varied with regard to pre-service
preschool teacher training, in-service preschool teacher training, scope (content addressed)
and extent (from hours to weeks). Thus, dividing the participants into smaller groups based
on technology education to analyse the data statistically was not possible. The sample
size was too small. Of course, it is possible that other factors not included in the survey
impacted the preschool teachers’ ratings. One possible factor could be teachers’ connec-
tions to the same senior preschool teacher, who may influence the quality of teaching in the
preschools they are connected to.

The combination of person-based and variable-based analyses can be seen as a strength
of our study. The person-based analysis provided systematic methods of identifying clus-
ters among individuals based on their characteristics by considering multiple variables
simultaneously. By adding the variable-based analysis, we could explore how cluster mem-
bership was related to different background factors. A common limitation of person-based
analysis is the complexity of interpreting the results and the requirements of a large dataset.
By performing a factor analysis to reduce the number of variables before the cluster analy-
sis, the requirements were met.

Implications for practice and research

Our study thus suggests that preschool teachers are not homogeneous concerning their con-
ceptions and teaching of technology. Several subgroups exist, and identifying these groups
is important to understand the differences in technology teaching that children encounter
in preschool. The profiles can both allow for tailoring supportive measures for teachers in
their development of technology teaching and their conceptions of technology and offer
preschool teachers a way to reflect on their artefact teaching practice as all items can be
addressed and are firmly rooted in years of research on artefact teaching. Of course, each
country’s curricula and local preschool context may impact what teachers include. How-
ever, if preschool teachers discuss these items, it can lead to increased awareness of what
they include/exclude and why.

This study suggests that there are no significant statistical differences between the dif-
ferent groups in the cluster analysis. As early childhood technology education research-
ers, we find it striking that neither conceptions of technology, preschool teacher training,
experience, nor education in technology explained any of the differences. Thus, the studies
that have investigated this issue, this one and previous ones (Nilsson et al., 2022; Sundqvist
et al., 2018, 2022), have not obtained similar results and cannot provide a clear picture of
what explains preschool teachers’ choices regarding technology education. In early child-
hood teacher education, understanding the factors that influence teachers’ instructional
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decisions is crucial for providing effective training. Therefore, this issue needs further
investigation in future research.
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