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Abstract

The aim of the current study was to explore science teachers’ perceptions of the nature of
technology through the use of Q methodology. 17 science teachers were sampled as partici-
pants, and to explore their perceptions of the nature of technology, they ranked a Q-sort of
36 statements that constituted the following six categories: (i) definition of technology, (ii)
the relationship between science and technology, (iii) the impact of society on technology,
(iv) the impact of technology on society, (v) the impact of technology on environment, and
(vi) the impact of technology on economy. As the participants completed their Q-sort, they
were interviewed. Analysis of the participants’ Q-sorts resulted in a three-factor solution,
i.e. three distinct patterns of perception about the nature of technology. The three perspec-
tives included teachers who are (i) equally aware of the benefits and drawbacks of tech-
nology and the relation of it to science, (ii) optimist about technology and aware of its
dependence on society, and (iii) optimist about technological innovations but tempered by
technology-driven environmental and social issues. Findings indicated gender and years
of professional experience as potential determiners within these perspectives, which needs
further research.

Keywords Nature of technology - Q methodology - Science teachers - Technology
education - Science education

Introduction

When it comes to technology, one can find related studies in all fields. This situation can

be considered as an indicator of the penetration of technology in our lives, our environment
and even our understanding of the future. At this point, as Cullen and Guo (2020) states,
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the nature of technology becomes important as we develop our way of knowing and use
technology to find solutions in the fields of science, engineering and mathematics. It is, on
the other hand, difficult to think on technology since people often look at it from different
perspectives. For instance, Rose and Dugger (2002) state that computers and the Internet
come to minds rather than the meaning of technology as changing the natural world to
meet our needs. Defining technology as applied science, on the other hand, has occupied
people for many years and debates on this subject lasted for years (de Vries, 2005). In a
study conducted with teacher candidates (Yalvag et al., 2007), for example, it is seen that
nearly half of the participants viewed technology as the application of science, while others
as new processes, tools, machines, devices, gadgets, computers or practical tools for daily
use, and some as ideas and techniques that help society move forward. The current paper
focuses on technology as an ongoing dynamic process. Therefore, we assume that reaching
the exact nature of technology have difficulties despite known about technology. We think
that the complex structure of technology is also at the root of these difficulties.

Similar to the nature of science, views on technology are shaped by experiences and
culture as well (Cullen & Guo, 2020). The role of technology is not only closely related to
people’s lives, but there are also important implications in the field of education. At this
point, the discourse about the nature of technology and how these understandings relate
to students’ technology knowledge becomes important. If educators are able to understand
students’ perceptions of the nature of technology, they can assist them to become aware
of their personal thoughts and improve their technology literacy (Liou, 2015). In fact, it is
stated that in order for teaching it effectively, teachers should have a well-developed under-
standing of technology (de Vries, 2012; Forret et al., 2011). Herein, the necessity of teach-
ers to have a realistic/true perception of the nature of technology comes up.

The nature of technology

The nature of technology can be found in the philosophical writings of Idhe (1983), who
attributes to the work of the existential philosopher Heidegger. Heidegger (1977) defined
technology as a mode of revealing the world (Compton & Jones, 2004). In 1990s, on
the other hand, academicians discussed technology in the contexts of design, artefacts,
engineering, and applied tools rather than information technology (Kim & Roth, 2016).
Even, from Science-Technology-Society (STS) curriculum efforts that began in the 1980s
(Ramsey 1993; Yager 1996) to the latest emphasis of Science-Technology-Engineering-
Mathematics (STEM), there are plenty of efforts to improve both science and technology
understandings (Pleasants et al., 2019). Although such STS interventions contributed to the
increasing importance of the term technology in education, the true nature of technology is
still widely unknown (de Vries, 2018).

As Collier-Reed (2008) argues, in order for people to be considered technologically lit-
erate, they should be able to think critically about technology-related issues and understand
the nature of technology (Liou, 2015). Undoubtedly, there is a wide-ranging literature and
discussion on the technologies that would make societies more sustainable, but there is
almost no explanation about the nature of technology and what it means for the devel-
opment of sustainable technologies and societies (Paredis, 2011). Mitcham (1994) states
that philosophy of technology has developed in four main dimensions of interest. These
dimensions are (i) technology as object, (ii) technology as knowledge, (iii) technology
as activities, and (iv) technology as volition. Fernandes, Rodrigues, and Ferreira (2017),
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on the other hand, provide four dimensions to describe concepts related to the nature of
technology which are similar to Mitcham’s. The dimensions are (i) instrumental concepts
characterized as tools, artifacts, and machines; (ii) cognitive concepts characterized as the
practice of theoretical knowledge; (iii) systemic concepts characterized as components of
a complex system; and (iv) value-based concepts characterized as the personal value and
judgment of science. The similarity of the dimensions herein indicates that over years, the
explanations are still similar. Arthur (2009) states that one of the most important issues
to be conceptualized about technology is its evolution. He defines the principles for the
nature of technology in three ways: (i) technology is a way of achieving human purpose,
(ii) technology is a collection of practices and components, and (iii) technology is the col-
lection of all devices and engineering practices available to a culture. According to him,
adopting these definitions can help people think about how technologies emerge and how
they evolve. Kruse (2013a) states that discussions on the nature of technology cover the
following questions: What is technology? How valuable are technologies? What are the
benefits and drawbacks of using technology? What are the limitations of technology? In
what ways are new technologies linked to the past? How do the practices of technology
linked to wider contexts (society, classrooms, etc.) and how does it affect them?

When we consider the nature of technology, it is obviously difficult to make clear
deductions. For example, Schuster (2016) suggests that technologies form complex inter-
dependent-networks, as different species in a food web in an ecosystem do. Coccia (2019)
argues that the long-term behavior of any technology is not independent from living sys-
tems (human and other animal species) and other interrelated technologies. In particular,
when analogous technologies are available, each technology tends to affect the character
and evolutionary path of others (Coccia, 2019). Shepard (1995) states that the negative
consequences of technology should not be attributed solely to its ill-usage (Pleasants et al.,
2019). In other words, technologies develop together with societies (Saviotti, 2005), but
the intertwining of society and technology is not neutral. Values shape technologies and
technologies also have a significant impact on the values realized in a society (Johnson &
Wetmore, 2009). Unfortunately, the negative consequences are difficult to spot, given the
many benefits of technological advancement (Kruse and Buckmiller, 2015). According to
Huesemann and Huesemann (2011), it is meaningless to hope that negative environmental
consequences of technology can be eliminated through more technology since new tech-
nologies will create new problems (Pleasants et al., 2019). With all of these, Harwood and
Eaves (2020) offer a conceptual projection about how technology can evolve in the future.
They draw attention to the potentially disruptive nature of technology and state that this is
not necessarily due to incremental developments, but to the emergence of unpredictable
new configurations. Kott and Perconti (2018) also state that if an unpredictable technology
emerges, which is particularly disruptive, it can have serious consequences. Ultimately, as
offered by Utterback, Pistorius, and Yilmaz (2019), it is necessary to abandon the approach
that technology and innovation only emerge and develop in pure competition between new
and existing ones.

Problem of research
Over the past 50 years, public attitude towards technology has been largely shaped by the

print media, and more recently by online and social media (Harwood & Eaves, 2020).
At this point, educators’ perceptions about the nature of technology is of importance.
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Teachers who do not have the desired/expected perceptions about the nature of technol-
ogy will inevitably lead students negatively. Jones and Moreland (2004) suggest that
in order to develop and maintain learning in technology, focus should be on specific
and detailed technological learning outcomes, together with appropriate pedagogical
approaches. Moreover, they propose nature of technology and its characteristics as one
of the seven structures of technological pedagogical content knowledge. In addition,
according to Kruse and Buckmiller (2015), understanding the nature of technology will
help educators to consider decisions about technology in a more attentive way. Pleas-
ants et al. (2019) state that their purpose in identifying and clarifying the key nature of
technology structures is to encourage more informed views on the nature of technology
among educators, so that they will be able to develop more knowledgeable and devel-
opmentally appropriate nature of technology understandings among their students. Evi-
dence from some studies (i.e., Compton & Harwood, 2003; Jones & Moreland, 2003)
clearly shows that if students are provided with opportunities to develop their increas-
ingly complex understanding of the nature of technology, their learning about technol-
ogy generally increases. This is accomplished by teachers who engage and speak openly
with their students about the nature of technology (Jones & Moreland, 2003) and criti-
cal analysis of technological applications (Compton & Harwood, 2003).

In this study, it was aimed to determine science teachers’ perceptions about the nature
of technology both in terms of revealing their existing perceptions and contributing to
educational practices about this issue. If we look at the history of the science curricu-
lum studies in Turkey, we see that they date back to mid-twentieth century as a result
of the rapid changes in science and technology after World War II. Systematic innova-
tions in curriculum development studies were done in line with the reform movements
in other countries (especially in the United States) and with the support of organiza-
tions like World Bank. As a result of these efforts, the science curriculum in Turkey was
considerably revised in 2000 and aimed to raise individuals who know the importance
of scientific developments and realize the effects of these developments on technology,
society and the environment (MoNE, 2000). Right after these developments, in 2003,
new curriculum studies were initiated, and science, technology, society and environ-
ment interactions were defined as a learning area in the next curriculum (MoNE, 2006).
The name of the course was also updated as Science and Technology and the teachers
were named as Science and Technology Teachers. Since 2013, with the new revisions
in the curriculum, the name of the course has been updated to Science again but the
Science-Technology-Society-Environment (STSE) education retained its place in the
science curricula (MoNE, 2013, 2018). At this point, it can be obviously deducted that
science teachers’ perceptions of the nature of technology is of importance.

Although there are studies in the related literature focusing on students’ (e.g., Con-
stantinou et al., 2010; DiGironimo, 2011; Fernandes et al., 2017; Kruse, 2013b) and
teacher candidates’ (e.g., Kog, 2013; Leatham, 2007) understanding of the nature of
technology, studies examining teachers’ understanding is rare (e.g., Waight, 2014). The
nature of technology perceptions of students at different grade levels are important.
Along with that, science teachers’ perceptions are also problems of research that need to
be investigated, since they are the most significant factor that bring science and technol-
ogy and their education to students. At this point, the present study describes an inves-
tigation of a sample of science teachers’ perspectives of technology through the use
of a methodological alternative—that is, the Q methodology. Accordingly, the research
questions proposed for the study are as follows:
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1. What are the different perspectives of science teachers concerning the nature of technol-
ogy?

2. What are the descriptions associated with the perspectives that science teachers posit
about the nature of technology?

Methodology

This study was conducted by using Q methodology—a method that examines self-refer-
enced perspectives of individuals by revealing the similarities and differences of these per-
spectives in a holistic structure. (Brown, 1993; Stainton Rogers, 1995; Watts & Stenner,
2012). In this method, interpersonal factor analysis is done through replacing the variables
by individuals (Stephenson, 1953). That is, the variable is a survey item and the subject is
the person in the traditional factor analysis, while in Q method, the variable is the Q-sort
made by the participant and the subject is the Q statement (Webler, Danielson, & Tuler,
2009, as cited in Young & Shepardson, 2018). Traditional factor analysis identifies correla-
tions between variables across the sample of participants; whereas Q methodology identi-
fies the patterns in the placement of Q statements across all Q-sorts made in the study and
these patterns show that there is an “inter-subjective orderings of beliefs” that groups of
people share (Webler et al., 2009, p.8, as cited in Young & Shepardson, 2018). Through the
method, the social perspectives are revealed.

The procedure includes presenting participants with a number of statements about a
topic and asking them to sort these statements according to a guideline [e.g., agree/dis-
agree, like/dislike, regard/disregard] (Van Exel, & De Graaf, 2005). Each statement is
ranked relative to every other statement in Q methodology and unlike Likert scales where
individual statements are rated according to participants’ rate of agreement and a partial
picture of the perspectives is revealed, relative rankings of the statements in Q methodol-
ogy give a more complete picture of the perspectives that participants have about the issue
(McKeown, 2001). In this study, for example, participants ranked a Q-sort of 36 state-
ments. In a Likert scale with 36 statements, for example, there are only 36 choices. In Q
methodology, on the other hand, a person has to make “2N(N-1) choices (Brown & Ungs,
1970), where N is the number of statements (the number of choices is calculated as 630 for
36 statements).

Participants

The participants consisted of a total of 17 science teachers who were voluntarily partici-
pated in the study. The sample was purposive and science teachers from different gender
and years of experience were recruited in the research for the purpose of creating a hetero-
geneous group. In Q methodology, a high number of participants is not expected since the
focus of the method is the sequence of statements (Brown, 1993). Essentially, the subject
of Q studies is the Q statements and the purpose is to determine the patterns formed in
Q statement configurations (Webler et al., 2009, as cited in Young & Shepardson, 2018).
In Q methodology, a 3:1 ratio of statements to the number of participants is offered but a
ratio of 2:1 is also accepted (Webler et al., 2009, as cited in Young & Shepardson, 2018).
For a Q-sort with 36 statements, the optimal number of participants is 12, but an accept-
able number of participants is between 12 to 18 (Young & Shepardson, 2018). Throughout
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the study, no identifying information about the participants is given but the participants
are coded depending on their year of experience as a teacher and their gender. That is,
for example, a male teacher with one-year experience is coded as STOIM and a female
teacher with ten-year experience is coded as ST10F. Namely, ST means ‘Science Teacher’,
numbers (01, 06 etc.) are the years of professional experience, and M means male and F
means female. When there are two or more teachers with the same characteristics, on the
other hand, it is indicated in parenthesis as (01), (02) or (03), referring to first, second and
third. Of the 17 participants, eleven (65%) were female, and six (35%) were male. Two of
the participants had 1-year, two 2-years, one 3-years, one 4-years, one 5-years, one 7-years,
four 8-years, one 10-years, two 13-years, one 21-years and one 26-years of professional
experience (see Table 1 for participant demographics).

Q-sort design

In this study, participants sorted a number of 36 statements (see Table 3 for the list of the
statements). The statements constituted the following six categories: (i) definition of tech-
nology, (ii) the relationship between science and technology, (iii) the impact of society on
technology, (iv) the impact of technology on society, (v) the impact of technology on envi-
ronment, and (vi) the impact of technology on economy (see Table 2).

The statements in Q methodology are supposed to represent a wide range of views held
by a community (McLain, 2021). Therefore, in this study, the statements in each category
originated from well accepted research in the related literature (see Table 3 for the refer-
ences); and a pilot study was carried out with 10 science teachers before conducting the
main study. These statements were selected because they provided a picture of how sci-
ence teachers think about the nature of technology. Having multiple categories that focus

Table 1 Participant’s

.. . Q-sort Gender Years of
demographic information experience
1 ST02M Male 2
2 STO2F Female 2
3 ST13F Female 13
4 ST21M Male 21
5 STO8F(1) Female 8
6 STO3F Female 3
7 STO1F(1) Female 1
8 STOSM Male 5
9 STO4F Female 4
10 STO7F Female 7
11 ST13M Male 13
12 STO1F(2) Female 1
13 STOSM Male 8
14 STO8F(2) Female 8
15 ST26F Female 26
16 STO8F(3) Female 8
17 ST10M Male 10
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Table 2 Categories and the corresponding statements

Categories Statements
1 Definition of technology 1, 11, 20, 26,
2 The relationship between science and technology 2,12,21,27,
3 The impact of society on technology 3,13,22,32,36
4 The impact of technology on society 4,5,9,10, 14, 15, 19, 23, 28, 33, 34
5 The impact of technology on environment 6, 16, 29, 30
6 The impact of technology on economy 7,8,17, 18, 24, 25, 31, 35

on different aspects of a discipline better measures how individuals feel about a subject
(Molina et al., 2011).

Data collection and analyses
The Q-sort

The Q set in this study included 36 statements, which were sorted based on participants’
level of agreement with each statement relative to the other statements. Sorting is not based
on correctness but on the degree of agreement; that is, how strongly the participant agrees
or disagrees with each statement relative to the others. This type of sorting allows the pro-
cess to be totally subjective since it characterizes each participant’s specific perspective
(Brown, 1993). It also leads to a normal distribution of the statements, which is a standard
practice in Q methodology (Webler et al., 2009, as cited in Young & Shepardson, 2018).
In this study, there were 11 levels of agreement, and each level has a set number of spaces
in which to place the statements: one+5; two+4 s; three+3 s; four+2 s; five+1 s; six
0's; five -1 s; four -2 s; three -3 s; two -4 s; and one -5 (see Fig. 1). Participants were given
the statements and place one statement in each box. In Q methodology, the way that a par-
ticipant places the statements in the vertical column does not matter since they are at the
same level of agreement. That is, a participant can agree more with one statement than the
other(s) ranked at that same level but the Q-sort board does not reflect that difference.

The data collection process was carried out online due to the COVID-19 pandemic con-
straints. A spreadsheet file with the Q-sort board (Fig. 1) and the statements (Table 3) was
created and sent to the participants via e-mail. The participants were informed about the
process with an information form sent through e-mail (and on the phone, when needed)
and were first asked to read all the statements and group them as they agreed with the
statement, disagreed with the statement, or if it was neutral or not applicable to them. They
were then asked to focus on the statements they agreed with and sort them from the most
in+5, then+4,+3,+2 and + 1, respectively. Following that, they were asked to focus on
the statements they disagreed with and follow the same procedure for these statements as
-5, -4, -3, -2 and -1 this time. Finally, they were asked to place the statements for which
they were neutral in 0. The participants were told that there was no ‘correct’ sorting and
that they were free to ask questions regarding the statements. They were also given the
opportunity to move any of the statements if they chose to do so. Data obtained through
Q-sorts were analyzed through using PQ Method 2.35 software (Schmolck, 2014). Each
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Fig.1 The Q-sort layout used in this study

sort was entered into the program, and the program correlated each Q-sort with every other
Q-sort and produced an inter-correlation matrix. Principal component analysis and Vari-
max rotation were then made to maximize the variance explained on minimum number of
factors possible.

Interviews

In Q methodology, it is recommended that a Q-sort be followed by an interview (Brown,
1993). A standard interviewing procedure, however, is not defined for this process but in
order for better understanding participants’ views, asking questions about the statements
that were ranked at most (that is,+5 and -5 in this study) is a common practice (Brown,
1993). In this study, participants were interviewed through six questions. Statements 2, 3,
10, 21 and 29 constituted the first five questions, while the last question focused on taking
an overall opinion of the teachers about the nature of technology. The first five statements
were chosen from the ones either (i) made a statistically significant difference between the
three perspectives (that is, the distinguishing statements), (ii) shared between the three per-
spectives (the consensus statements), (iii) ranked at most (+4,+5, -4 or -5) or (iv) repre-
sented information from all categories (so that, overall information about the categories is
provided). Statement 2, for example, is an identifying statement for all three perspectives.
The statement is under the category of ‘the relationship between science and technology’
and has Q-sort values of +4, —5 and -1 for perspectives 1, 2 and 3, respectively. Similarly,
statement 3, an identifying statement for the three perspectives, is under the category of
‘the impact of society on technology’ by having Q-sort values of+ 1,45 and —5 for per-
spectives 1, 2 and 3, respectively. Statement 10, on the other hand, is a shared statement
under the category of ‘the impact of technology on society’, and has Q-sort values of -3,
—4, and 3.

Findings and interpretation

Analysis of the participants’ Q-sorts resulted in a three factor solution, i.e. three distinct
patterns of perception about the nature of technology (see Table 4). As seen in the Table,
the three perspectives were loaded with more than one person defining himself/herself in
that perspective, and all of the participants (100%) were defined with a perspective (that is,
no one is left behind). The perspectives had between three and eleven defining variables
(i.e. responses significantly associated with the perspective). Together, they accounted for
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Table 4 Factor loadings of

Q-sorts for the three perspectives Q-Sort Perspectives:
P1 P2 P3

1 ST02M 0.4428 X —0.3019 —-0.1145
2 STO2F —0.0884 —0.3339 0.6967 X
3 ST13F 0.6640 X 0.0829 —0.0632
4 ST21M 0.6701 X 0.0221 —0.4395
5 STO8F(1) 0.7353 X —0.2406 0.1376
6 STO3F 0.3226 0.3643 0.6073 X
7 STO1F(1) 0.3514 0.7176 X —-0.1771
8 STOSM 0.4081 X -0.0174 0.1722
9 STO4F 0.5726 0.6044 X 0.1727
10 STO7F 0.4219 0.6777 X 0.0058
11 ST13M 0.5948 X 0.0016 0.0658
12 STO1F(2) 0.2008 —-0.0158 0.4976 X
13 STO8M 0.6753 X —0.0485 0.3480
14 STOSF(2) 0.6160 X —0.2859 —0.3447
15 ST26F 0.4966 X —0.1960 —-0.1718
16 STO8F(3) 0.6397 X —0.1494 0.0984
17 ST10M 0.6985 X 0.2757 —0.1390
% expl.Var.: 51% (Total) 29% 12% 10%

51% of the variance in the Q-sorts. The Q-sorts and corresponding factor loadings on each
of the three perspectives are shown in Table 4.

When Table 4 is analyzed, it is seen that eleven participants are in the first perspective,
three are in the second and another three are in the third perspective. It is also seen that
participants’ gender and years of experience seem to be influential on their distribution to
the perspectives. For example, it is seen that all males in the sample are in the first perspec-
tive and the female participants who hold this perspective have at least 8 years of teach-
ing experience. It is observed that the participants in the second perspective, on the other
hand, are all women and have a maximum of 7 years of experience, and the participants
in the third perspective are again all women but have a maximum of 3 years of teaching
experience.

Comparisons between perspectives

It is possible to compare the perspectives graphically (Young & Shepardson, 2018). Fig-
ures 2, 3 and 4 present the comparisons of each two factors with respect to the loading sco
res.

Figures 2, 3, and 4 compare how strongly the participants correlate with their own per-
spective and with the other two perspectives. Loading scores range from —1 to+1; and
scores close to 1 show complete agreement, while scores close to —1 show complete disa-
greement and 0 shows no agreement (Webler et al., 2009, as cited in Young & Shepardson,
2018). For example, Fig. 3 shows that STO1F(2), STO2F and STO3F have a slight correla-
tion with factor 3, while STO1F(1), STO4F and STO7F correlate with factor 2 (see loading
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scores on the axes). In other words, by loading on factor 3, STO1F(2), STO2F and STO3F
share more characteristics with this factor.

Shared (consensus) statements

Shared statements are also valuable in defining the three perspectives. The three perspec-
tives shared eight statements in common (see Table 5 for these statements, with the Q-sort
values for each perspective). As seen in Table 5, statement 17 was common in sort for the
three perspectives (+2). It says that the decision to use a new technology mainly depends
on many things such as its cost, efficiency, benefit to society and its impact on employment.
The remaining seven statements, on the other hand, can be considered as “key statements”
and their Q-sort values help to determine the perspective they define (Young & Shepard-
son, 2018, p.205).

When Table 5 is examined, it is seen that while Perspective 2 is neutral for statement
6, Perspectives 1 and 3 are slightly negative, meaning that Perspective 2 is more optimist
about technology in solving problems such as pollution (see the statement), in compari-
son to the other perspectives. Similarly again, Perspective 2 has a Q-sort value of —4 for
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statement 10, which states that technology is problematic and contradictory for individuals
and society. Interpretation of statement 15 results in a similar inference about Perspective
2, that is participants holding this perspective are optimist about technology when com-
pared to others.

The three perspectives

The three perspectives emerged from the Q-sorts included teachers who are (i) equally
aware of the benefits and drawbacks of technology and the relation of it to science, (ii)
optimist about technology and aware of its dependence on society, and (iii) optimist about
technological innovations but tempered by technology-driven environmental and social
issues.

The statements that distinguish each perspective and the characteristics of the partici-
pants that define each perspective are highlighted below. Any overlap among the perspec-
tives, as well as any differences, are also discussed (see Table 3 for the Q-sort values of the
statements not discussed in detail).

Perspective 1: equally aware of the benefits and drawbacks
of technology and the relation of it to science

Eleven participants (6 males and 5 females) loaded significantly onto Perspective 1. As
stated above, all males in the sample were defined in this perspective and all females
sharing this perspective had at least 8 years of professional experience. The perspective
accounted for 29% of the variance among the sorts.

The participants of the perspective emphasized both positive and negative aspects
of technology and they were aware of the relation between technology and science (see
Table 6 for identifying statements for this perspective). They recognized the dynamic flow
of information between science and technology (S12:+4) but were aware of the difference
between them as well (S2:+4). Participants loading on this factor were in favor of the
idea that new technologies can change human life in both expected and unexpected ways
(S5:45). They thought that technological things that benefit some people can be harmful
to others (S9:4 3), and in search of ’development’, technology can create both winners and
losers (S8:+2).

Interviews provided more and supportive information about the perspective. Participants
holding this perspective revealed both positive and negative aspects of technology. They
pointed out some drawbacks of technology such as environmental problems and problems
with human health and psychology like addiction. Some sample excerpts are below.

While a product designed with developing technology can be effective in the devel-
opment of societies and attaining the desired level of welfare, it can also bring some
environmental problems like pollution, and therefore technology can be used to elim-
inate this problem again. [STO8F(3), interview]

Some of the developments that seem beneficial in the short term can cause great
damage to the environment in long term. Micro-plastics, waste batteries, heavy met-
als, etc. are among the examples. [ST26F, interview]

In developing a technology, if the needs of society and financial interests are
solely taken into consideration, we may have benefits in the short term but may
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have to deal with problems such as environmental pollution, anti-sociality, psy-
chological problems or the threat of natural life in long term. [ST26F, interview]
Technological studies can provide benefits, but there are also damages.... For
example, Robot vacuum cleaners are highly efficient technological tools, but after
a while they push people to laziness and can go up to obesity as a result of inactiv-
ity. [ST10M, interview]

In my opinion, technology has many positive and negative effects on the environ-
ment. For example, with the development of technology, environmentally friendly,
energy-saving white goods and automobiles can be designed or studies for sustain-
able development can be supported; but on the other hand, the pesticides or the
new generation seeds used in agriculture can cause the deterioration of the eco-
logical balance and serious damage to the environment in long term. [STO8F(1),
interview]

The technological product range is developing with the developing technology.
There will useful ones for society, as well as harmful ones. The product developed
for the health sector will undoubtedly be useful; however, it also creates individu-
als who are TV-, telephone- or technology-addicts. [ST20M, interview]

In the interviews, participants offered solutions to the problems caused by technol-
ogy. Among these solutions were the conscious use of technology. One participant, on
the other hand, introduced technological literacy as a valuable trait for people to utilize
technology. Below is the related excerpt.

It is obvious that technology has both benefits and drawbacks in almost every
field. Technological literacy is very important in this regard. It is necessary to be
able to use and benefit from technology appropriately. [STO8F(2), interview]

The participants holding this perspective gave point to the interconnection between
technology and science. They pointed out that both are strongly connected to each other
and there is a strong interaction between them. Below are sample excerpts stressing the
interconnection.

I think they benefit each other as a complementary factor even though they are dif-
ferent from each other. [STO2M, interview]

Thanks to scientific studies, technology advances. However, information is then
released for profit. That is why, although the starting point is science, their paths
diverge. [ST10M, interview]

Technology has important links to science, and advances in science contribute to
the advancement of technology. Progress in technology contributes to the change
and development of scientific knowledge. [STO8F(1), interview]

Technology is a tool for advancing science and making new discoveries. New dis-
coveries in science also guide the advancement of technology [ST10F, interview]

Although the participants prioritized the relationship between science and technol-
ogy, a point that is not taken into consideration in terms of this relationship draws atten-
tion (see S21). It is seen that participants emphasized the relationship in a way but the
idea that technology can progress without scientific knowledge is not seen, although it
is now accepted that technological knowledge has some certain features that make it
different from scientific knowledge (de Vries, 2005). This idea may be a result of the
fact that technology and science are now intertwined so much that, no meaning has been
developed for how they can be separate from each other.
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Perspective 2: optimist about technology and aware of its dependence
on society

Three participants loaded significantly onto Perspective 2; all female and had a maximum
of 7 years of professional experience. This perspective accounted for 12% of the variance
among the sorts and it is distinguished from the other perspectives by the idea that teach-
ers emphasized the role of society in the development of technology. In other words, the
participants were in favor of technology and were aware of its dependence on society (see
Table 7 for identifying statements for this perspective).

Participants loading on this factor thought that, ‘as it is in the past, future depends on
professionals of technology as well’ (S3:+45). According to them, technological develop-
ments are directed by human since technology serves the needs of societies (S13:+3).
They defined technology as a technique to do something or a way of solving problems
(520:42) and as the changes human make in the natural environment for their own pur-
poses (S1:+3).

Interviews provided supportive information about the perspective. The participants were
in favor of technology but also indicated its dependence on society. Sample excerpts from
the interviews are as follows.

Life without technology seems impossible. Society adapted to technology. The prob-
lem is that it provides solutions but it also creates problems. But I think, it is very
easy to solve problems with technology. [STO1F(1), interview]

As long as technology is in the hands of unconscious and reckless people, the dam-
age we do to the environment will show its effect much more harshly in the coming
years. The technology we use consciously will take our society forward, of course.
The ones who use technology is as important as the technology’s purpose. [STO4F,
interview]

Technological developments are often shaped by the demands of individuals, but it is
wrong to generalize this idea. While some individuals accept new technologies with-
out any doubt, some individuals need to rate it first. [STO7F, interview]

Technology must also adapt to the cultural structure of the society; otherwise, it can-
not take a place in that society. Society’s needs and expectations shape technology.
[STO7F, interview]

Participants holding this perspective drew attention to the interaction between society
and technology. They believed that life depends on technology, and the needs, expectations
and demands of society shape it. The participants did not rigorously discourse on the pos-
sible problems with technology, but rather they defined it as a way of solving problems (see
S20 and interview excerpts).

Perspective 3: optimist about technological innovations but tempered
by technology-driven environmental and social issues

Three participants loaded significantly onto Perspective 3; all female and had a maximum
of three years of professional experience. This perspective accounted for 10% of the vari-
ance among the sorts and it is similar to the second perspective in terms of optimism about
technology. The perspective is distinguished from the others in that the participants were
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tempered by technology-driven environmental and social issues (see Table 8 for identifying
statements for this perspective).

Participants loading on this factor were in favor of the idea that most technological activi-
ties are directed towards designing and creating new products, technological systems and envi-
ronments (S25:+5). However, they also mentioned about a balance between the positive and
negative effects of technology since every new development has at least one negative conse-
quence (S19:+3). For example, they believed that several technological processes can create
ecological dilemmas or environmental crises (S29: +4).

In the interviews, participants’ dissatisfaction about the drawbacks of technology came out
once again. Below are sample excerpts.

Technology facilitates our lives, but we see that it also has negative effects. By using
technological devices, we harm our ecology. I think, it harms to the extent that it is ben-
eficial. We should analyze those products and develop them in a way that they cause less
damage. Taking it out of our lives is not a solution. [STO2F, interview]

Technology facilitates our lives, but we see that it also has negative effects. By using
technological devices, we harm our ecology. I think, it harms to the extent that it is ben-
eficial. We should analyze those products and develop them in a way that they cause less
damage. Taking it out of our lives is not a solution. [STO2F, interview]

While technology develops, old technological product wastes, -as one of the results of
new developments-, create major environmental problems. For example, I think space
pollution is one of today’s important problems. ... I think, current problems like pollu-
tion and global warming should be prevented by more environmentally friendly tech-
nologies. [STO1F(2), interview]

Participants also made comments about the use of technology beyond its purpose and the
unpredictability of its results. Below are sample excerpts.

When technology goes beyond its intended use, some problems are likely to arise. These
problems can reach a level that disrupts the structure of the society if they reach a wide
audience, and this situation creates serious problems. [STO2F, interview]

The rapid development of technology and its increasing effect in every field cause con-
cern, even though it provides convenience and benefit. A chess game that we cannot
predict the next move; it can be dangerous. [STO2F, interview]

I think, the uncertainty of the course of technological developments started to make
people uneasy. ... I think we are in a great conflict, both financially and in terms of
looking ahead. In addition, the number of people in the world who think that techno-
logical products replace people’s workforce is quite high. That’s why people think tech-
nology is a bad thing. [STO1F(2), interview]

Participants of this perspective underlined the negative effects of technology but they
did not leave it. They pointed out to the balance between the potential negative and positive
effects, that is, the dilemma of technology. To state in a different way, we may say that the
dilemma about the unpredictable consequences of technology is clearly seen in the percep-
tions of these participants. Interviews pointed out that, participants do not find it possible
to remove technology from their lives and find it necessary to use technology with the least
harmful effects (see interview excerpts).

@ Springer



Science teacher’s perceptions of the nature of technology:... 2691

Discussion

Findings showed that the participants in the study had three different perspectives towards
the nature of technology. Teachers holding Perspective 1 characterized technology as hav-
ing both positive and negative effects. In other words, they had a two-way (dualistic) per-
ception about the nature of technology. This finding coincides with the complex nature
and unpredictability of technology as stated in the literature (Harwood & Eaves, 2020;
Schuster, 2016; Utterback et al., 2019). However, the striking element here is hidden in the
statements defining this perspective. That is, most of the statements defining this perspec-
tive had positive Q-sort values except for statements 30 and 19. It is understood from this
statements with negative Q-sort values that teachers did not agree with the complex struc-
ture and unpredictability of the technology for these two statements. Moreover, although
teachers holding this perspective had positive perceptions about the relationship between
technology and science, it is understood that they had insufficient perceptions about the
advancement of technology without a need for scientific discoveries. However, as Britton
et al. (2005) states, technology benefits from science, but its scope is wider than serving
as the practice of science. This finding emerges the need to train teachers in line with the
fact that technology has its own knowledge structure and can develop independently from
science. In addition, in comparison to other perspectives, teachers holding this perspective
attached more importance to technology-science relationship in the context of the nature of
technology. Another point to address about this perspective is that all males in the sample
of this study were defined in this perspective and all females sharing this perspective had at
least 8 years of professional experience. It is not possible, of course, to attribute this case to
gender or professional experience with such a small sample but the case obviously points
out to further research on these grounds.

Regarding the nature of technology, teachers in Perspective 2 showed positive percep-
tions, and it is seen that they shared the idea that technology is dependent on society for
advancement. These findings coincide with the related literature which states societies
as having positive perspectives towards technology and shaping it (Johnson & Wetmore,
2009; Kruse, 2013a; Saviotti, 2005; Waight, 2014). In Waight’s (2014) study, for example,
science teachers’ conceptions about the nature of technology was examined through inter-
views, and findings resulted in three main themes: (a) technology improves and make life
easier; (b) technology is the artifacts which function to accomplish tasks; and (c) technol-
ogy is the representations of advances in civilization, indicating that they had an optimistic
view of technology in terms of its purpose, function, and outcomes. When evaluated within
the framework of the statements defining Perspective 2, it is clear that the dependence of
technology on society emerges in the context of shaping the future, meeting needs and
solving problems. Another point is that the teachers in this perspective had 1 to 7 years of
professional experience. As stated previously, the science curriculum in Turkey was reno-
vated in 2006 by putting emphasis on STSE education. Although it is again not suitable to
attribute the perspective to professional experience, the renovation in the curriculum may
be a cause of shaping the perceptions of the teachers in this direction. It appears that fur-
ther research elaborating on this case is needed, as well.

Similar to Perspective 2, teachers in Perspective 3 showed positive perceptions about
technology but they were tempered by technology-driven environmental and social issues.
This finding is consistent with the findings in the related literature which states that tech-
nology is not independent of environmental and social issues and is unpredictable (Coccia,
2019; Kott & Perconti, 2018). The findings also showed that teachers in this perspective
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were confused about technological innovations. The examples they gave during the inter-
views varied on a number of different topics (i.e. devices, electric cars, workforce), and this
can be considered as an explanation for their confused minds. This finding shows the need
for a more detailed research of the relevant perspective on different innovative technologies
(Tables 7 and 8).

The findings of this study provided some common insights that the participants held.
When evaluated in terms of shared statements, for example, it was seen that teachers mostly
focused on the effects of technology (i.e. on society, environment and economy; statements
6, 10, 15, 17, 18 and 23) and partly on the impact of society on technology (statements
22 and 32). This finding shows that, regardless of the perspective, teachers’ perceptions
about the nature of technology developed mostly by prioritizing technology. Similarly, in
the related literature, definitions and studies related to the nature of technology are done
from the technology perspective (Fernandes et al., 2017; Johnson & Wetmore, 2009; Jones
et al., 2013; Kruse, 2013a).

Overall, the current study showed that teachers had perceptions that are compatible with
the related literature, but based on different perspectives. This finding supports the idea
stated by de Vries (2018) that, the true nature of technology is still largely unavailable.
However, the findings also give an important clue for the education about the nature of
technology. According to Waight and Abd-El-Khalick (2012), the nature of technology has
direct implications for technological application in the science classroom. First, the role
of context, culture, and values is unique in integrating technology into the science class-
room. Second, technological disclosure should be evaluated within the science classroom
as opposed to external domains. And third, the nature of technology exemplifies how both
benefits and challenges are rather messy, and technologies do not always succeed on their
own merit (or of themselves). Technological systems are complex and they do not act on
their own. Namely, as many researchers dealing with the nature of technology (de Vries,
2012; Forret et al, 2011; Kruse & Buckmiller, 2015; Pleasants et al., 2019) have stated, a
well-developed understanding of the nature of technology will aid in learning, practice and
decisions in this area.

Conclusion

This study was an exploration of science teachers’ perceptions about the nature of technol-
ogy. The study was performed through the use of Q methodology and the findings revealed
three diverse perspectives: (i) teachers who are equally aware of the benefits and drawbacks
of technology and the relation of it to science, (ii) teachers who are optimist about technol-
ogy and aware of its dependence on society, and (iii) teachers who are optimist about tech-
nological innovations but tempered by technology-driven environmental and social issues.
The findings revealed that there was no single line of vision about the nature of technol-
ogy among the science teachers, and provided typical descriptions about the perspectives.
Together with these descriptions, the study also indicated gender and professional expe-
rience as potential determiners among the perspectives. Actually, the ongoing dynamic
nature of technology clearly requires the continuity of research on this subject. However, to
confirm the validity of the perspectives (and the potential determiners and possible others,
as well), replication of the study is needed particularly with other teachers from different
regions or countries. Using the characterizing and distinguishing statements revealed for
the perspectives in this study, survey research with larger samples may be conducted and
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demographic factors associated with the perspectives can be identified. As is known, many
models for technology education (STS, STEM, TPCK etc.) have been designed in the last
30 years. Technology emphasis lies at the heart of all of these models, and in this context,
teachers who know the nature of technology will be able to play a more effective role. At
this point, besides quantitative research, qualitative others may be done through in-depth
analysis of the effect of the perspectives of science teachers on teaching processes. The
underlying causes of the emergence of the identified perspectives may also be a concern
of study. Education includes many variables such as student, teacher and environment, and
addressing the nature of technology within the framework of all these variables will posi-
tively affect the development in this area. To state briefly, we think that the findings of this
study are promising in terms of making more informed decisions for technology applica-
tions in educational environments and to direct studies on these applications.
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