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Abstract The perceptions and attitudes of pupils towards technology have been
researched for just over three decades. Recently, following an extensive review of the avail-
able literature, Ankiewicz (in: De Vries (ed) Handbook of technology education, Springer
International Handbooks of Education, 2016. https://doi.org/10.1007/978-3-319-38889
-2_43-1) provided an overview of the current state of research, in a chapter in the Springer
Handbook of Technology Education. However, due to length restrictions the chapter had
to be concise and thus focused primarily on the mainstream instruments and their deriva-
tives. More detailed descriptions of the perceptions and attitudes of students as well as
discussions of unconventional and non-related instruments therefore had to be omitted.
Consequently, the purpose of this article is to extend the chapter concerned by providing
a more extensive and nuanced review of the total substantive body of knowledge that has
been generated in just over three decades. The following research question underpinned the
literature review: How may the existing research and subsequent findings be systematised
into a more rigorous theoretical framework that may assist scholars in navigating their way
through the current research on the perceptions and attitudes of students towards technol-
ogy? In addition to the previous findings made and conclusions drawn in the chapter, it
was found that such a theoretical framework should be informed by the following guiding
insights: viewpoints concerning the construct of attitudes towards technology, as well as
measuring such attitudes; the mainstream instruments in The Pupils’ Attitudes Towards
Technology (PATT) studies and their derivatives, as well as problematic aspects associ-
ated with these; unconventional, PATT-related instruments; new, non-related instruments
for ascertaining students’ attitudes and concepts; the general research findings on students’
attitudes; means that may positively develop students’ attitudes; and unidimensional ver-
sus multidimensional studies studying the effect of all characteristics or determinants of
all aspects of learners’ attitudes. Such a rigorous theoretical framework may serve as a
valuable resource for future researchers embarking on this area of research, as it provides a
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synopsis that may assist in enhancing an understanding of research that has been done and
work that needs to be done in order to contribute to developing new knowledge in the field
of design, technology, and engineering education. It also indicates gaps in this research
area, notably in researching the behavioural component of attitudes.

Keywords Technology education - Attitudes - Concepts - Behaviour - Attitude
measurement

Introduction

The perceptions and attitudes of pupils towards technology have been researched for just
over three decades. Recently, following an extensive review of the available literature, Ank-
iewicz (2016) provided an overview of this research in a chapter in the Springer Handbook
of Technology Education. He acknowledged that the most noted study of students’ attitudes
towards technology has probably been the work pioneered by Prof Jan Raat and Marc de
Vries as part of “Project Physics and Technology” in the Department of Physics Education
at Eindhoven University of Technology in the Netherlands in 1984 (De Vries 1988; Volk
and Yip 1999). The Pupils’ Attitudes Towards Technology (PATT) instrument used in the
Netherlands, referred to as PATT-NL, was the first instrument specifically designed for this
purpose. Results in the Netherlands were so significant that an international extension of
the research was the logical next step (Ardies et al. 2013). Ankiewicz (2016) also addressed
several viewpoints concerning the construct of attitudes towards technology, such as defi-
nitions of attitude and fundamental reasons for measuring students’ attitudes. The chapter
mainly presented the PATT-NL and the PATT-USA as mainstream instruments associated
with the classical PATT studies, as well as the PATT Short Questionnaire (PATT-SQ) as a
recent adaptation of PATT-USA. It also focused on new, non-related instruments such as
the Attitudinal Technology Profile (ATP) questionnaire, based on regional and contextual
factors. The latter part of the chapter provided general research findings from the PATT
studies on students’ attitudes towards technology, as well as examples of recent unidimen-
sional versus multidimensional studies.

However, due to length restrictions the chapter focused primarily on the mainstream
instruments and their derivatives. Hence, extensive and more detailed descriptions of the
perceptions and attitudes of students as well as discussions of unconventional and non-
related instruments had to be omitted, at the expense of a fully nuanced account of the
available literature. The purpose of this article is thus to extend the chapter by providing a
more extensive review of the relevant, substantive body of knowledge that has been gener-
ated in just over three decades. The following research question underpinned the litera-
ture review: How may the existing research and subsequent findings be systematised into
a more rigorous theoretical framework that may assist scholars in navigating their way
through the current research on the perceptions and attitudes of students towards technol-
ogy? It is suggested that the article be read in conjunction with the chapter in the Springer
Handbook of Education, in order to develop a holistic theoretical framework for the per-
ceptions and attitudes of students towards technology.

In addition to the fundamental reasons for measuring students’ attitudes and the defini-
tions of attitude that were addressed previously (Ankiewicz 2016) the measuring of atti-
tudes will be discussed in the next section.
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Measuring attitudes

Researchers are interested in measuring students’ attitudes towards technology for a myr-
iad of reasons (Ankiewicz 2016). Researchers in technology education often acknowledge,
either implicitly or explicitly, the traditional approach to attitudes. According to the tra-
ditional approach, an attitude towards a concept such as technology thus is the person’s
collection of beliefs about it (cognitive component) and associated episodes linked with
emotional reactions (affective component). The stimulation of these reactions results in
decisions to engage in behaviour (behavioural component), which includes a person’s pre-
disposition or readiness for action, as well as his or her actions concerning the ‘behavioural
object’ (Ankiewicz 2016).

Attitudes, despite the multidimensionality of the construct as well as the challenges
posed by it, have commonly been measured in PATT studies using questionnaires consist-
ing of Likert scale items, which are ordinal scales used to determine students’ levels of
agreement or disagreement. Concepts have been measured using three-point scales, usually
treated as dichotomous scales (Ankiewicz 2016; Jeffrey 1993, 1995).

Cronbach’s alpha (o) is used as an index of the reliability of Likert-type scales and
denotes the “repeatability, stability or internal consistency” (Jack and Clarke 1998: 177) of
the data generated by the specific scale. The Kuder-Richardson formula 20 (KR20) is used
as an index of homogeneity, based on the proportion of correct and incorrect responses on
the items of the concept scales (Jeffrey 1993, 1995).

Factor analysis was the most popular statistical technique used to determine a question-
naire’s underpinning constructs in PATT studies. Principal Component Analysis (PCA)
as a form of Exploratory Factor Analysis (EFA) is typically used to identify the main or
principal constructs of a questionnaire while still under development. Confirmatory Fac-
tor Analysis (CFA) usually allows further testing of the constructs underlying a validated
questionnaire (Boser et al. 1998).

A questionnaire is very rarely unidimensional and PCA is geared at identifying the prin-
cipal underlying component (factor) that “explains” most of the variance and ensuing com-
ponents that account for less variance. In a non-rotated PCA, most items should “load”
onto, or correlate with the principal component. However, to assist in identifying and inter-
preting prospective further components (factors), Varimax and Oblimin rotations are used,
each of which “maximizes the loadings of variables with a strong association with a factor,
and minimizes those with a weaker one” (Boser et al. 1998; Ferguson and Cox 1993; Rat-
tray and Jones 2007: 239).

Mainly two methods are used to decide upon the number of factors, namely Kaiser’s
criterion for factors with an eigenvalue of more than 1.0 and a scree test. A scree test,
represented as a scree plot, is the graphic representation of Kaiser’s criterion. Usually only
eigenvalues higher than 0.30 (Rattray and Jones 2007) are used to identify items which load
onto a factor. Either the Gutman (Bame et al. 1993) or Mokken (as a non-parametric ver-
sion of the first) (De Klerk Wolters 1989b) analysis is usually applied to the dichotomous
items of the concept scale for which one or the other response is designated as “positive”.

The two independent samples ¢ test is used to determine if there are statistically sig-
nificant differences between the scores of two groups or sub-groups of participants, by
comparing the means of the scores of the two samples. ANalysis Of VAriance (ANOVA)
tests are applied in unidimensional studies to determine whether there are statistically sig-
nificant differences among the scores for the dependent variables (e.g. interest, careers) of
several (more than two) groups or sub-groups of students (e.g. between boys and girls at
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different age levels) (Bame et al. 1993; Dean and Illowski 2008). Multivariate ANalysis
Of VAriance (MANOVA) tests are used in multidimensional studies to determine whether
multiple levels of independent variables on their own or in combination with one another
have an effect on the dependent variables (Ankiewicz et al. 2001; Bame et al. 1993; Boser
et al. 1998; Gaotlhobogwe 2010; Meide 1997; Van Rensburg et al. 1999).

Various instruments for ascertaining students’ attitudes
towards technology

The Pupils’ Attitudes Towards Technology (PATT) mainstream instruments
for ascertaining students’ attitudes

The main part of the chapter presented the PATT-NL and the PATT-USA as mainstream
instruments associated with the classical PATT studies (Ankiewicz 2016). Classical PATT
studies generally made use of the following five instruments:

1. An attitude questionnaire.

2. A concept questionnaire.

3. Qualitative methods like essays with the topic “What do you think technology is?” (age
group 13-15); drawings (age group 10-12) and open-ended questions (age group 16—18)
to get more information on students’ attitudes and concepts.

4. The Technology Attitude Scale (TAS).

5. The Teacher Attitude Questionnaire (Ankiewicz 2016; De Klerk Wolters 1988a, 1989a).

In the next section PATT-NL as well as the unconventional instruments associated with
it will be discussed more extensively.

The PATT-Netherlands instrument (PATT-NL) and its associated instruments
PATT-NL

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

PATT-NL consisted of two questionnaires, measuring the affective component and
the cognitive component. The attitude questionnaire comprised Likert-type items con-
taining a five-point response format, with six subscales measuring affective components
of attitude such as interest, gender, consequences, difficulty, curriculum and careers in
technology (De Klerk Wolters 1988a; Rennie and Jarvis 1995a; Rohaan et al. 2010; Van
Rensburg et al. 1999). Based on his own research and parallel international research, De
Vries (1988) defined five different dimensions, namely interest in technology; aspirations
for a technological career; perceived consequences of technology; perceived difficulty of
technology; and students’ perception of technology as a subject suitable for both genders.
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These dimensions of attitude served as basis for the six subscales of the affective compo-
nent (Ardies et al. 2015b; De Klerk Wolters 1988a).

The concept questionnaire had a three-point response format, known as Mokken scales
(De Klerk Wolters 1989b), with four subscales measuring the cognitive or knowledge com-
ponent of attitudes towards technology, based on the five general characteristics of technol-
ogy. The characteristics of technology as a feature of every human being and of technology
and society were combined to form a single subscale, namely relationship between technol-
ogy, human beings and society, which accounted for the five characteristics represented by
four subscales (Jeffrey 1993). The other subscales were the following: relationship between
technology and science (technology and science); skills in technology (technology and
skills); and the raw materials or “pillars” of technology (technology and pillars) (Bame and
Dugger 1989a; Becker and Maunsaiyat 2002; De Klerk Wolters 1989a, b; De Vries 1992;
Jeffrey 1993; Rennie and Jarvis 1995a; Rohaan et al. 2010; Van Rensburg et al. 1999).

In its early form, PATT-NL included an essay (qualitative) section. This read: Technol-
ogy can mean different things to different people. When you read the word “technology”
what comes into your mind? to ascertain students’ cognitive views of technology (Ankie-
wicz 2016; Luckay and Collier-Reed 2014).

PATT-NL was originally developed for students aged 13—15 years, but was also modi-
fied for other age groups. De Klerk Wolters (1989b) describes the use of some of the scales
for students aged 10-12 years, while Rennie and Treagust (1989) describe the adaptation
of the scales for 9 to 12-year old students. The scales have also been used with adults (De
Vries 1991; Moore and Songun 1991; Rennie and Jarvis 1995a). De Klerk Wolters (1989a)
mentioned only with the PATT-NL version for younger students that the attitude question-
naire also measured the behavioural component. Earlier he had stated pertinently that the
original PATT-NL did not measure the behavioural component (De Klerk Wolters 1988a).
The author of this article is of the opinion that this might have been an oversight. The ques-
tionnaire can only measure students’ readiness for action, and not the action itself.

From the large-scale PATT-NL studies concluded that students had only a vague con-
cept of technology; that the relationship of technology to physics was very obscure to stu-
dents, particularly girls; and that girls were less interested in technology and viewed it as
less important (Boser et al. 1998; Raat and De Vries 1985).

The Technology Attitude Scale, the Technology Attitude Questionnaire and the Teacher
Attitude Questionnaire which are unconventional instruments associated with PATT-NL
will be discussed next.

Unconventional instruments associated with PATT-NL

It is important for technology teachers to form part of small-scale action research and
determine their students’ attitudes towards and perceptions of technology. Such informa-
tion enables them to plan and adapt their technology lessons accordingly (Jeffrey 1995).
The three-part Technology Attitude Scale (TAS-NL) was developed in 1987 and was
revised by Coenen-Van den Bergh in 1988 and 1989. It was a shorter version of the PATT-
NL, consisting of 26 attitude items divided over six subscales and 28 concept items divided
over four subscales, specifically for use by classroom teachers. The scale also measured the
knowledge and concepts (as the cognitive component) of technology at a relatively abstract
level (Becker and Maunsaiyat 2002; De Klerk Wolters 1988a, b, 1989a). The TAS-NL was
applied in Finland, Poland and the Netherlands (De Klerk Wolters 1989a) as well as in
Portugal (Martins 1991). Students’ perceptions of technology were often found to be vague
and distorted.
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The Technology Attitude Questionnaire (TAQ) consisting of 74 Likert-type items
with a four-point scale covering eight subscales was developed by Moore and used with
secondary school students in the UK. As the TAQ did not measure students’ concepts of
technology, it was versatile and could be used with students following various courses. A
translated version was used with post-secondary technical vocational students in Turkey, of
whom more than a third (37%) were more than 20 years of age. The TAQ identified statisti-
cally significant differences between the attitudes of students following different technical
courses (Moore and Songun 1991; Mottier et al. 1991).

Considering that students often do not have a clear understanding of technology it is
important to determine teachers’ attitudes towards and perceptions of technology. Teachers
may play a vital role in directly influencing students’ attitudes and advancing their per-
ceptions of technology (Rennie 1988; Volk and Yip 1999). Hence, the Teacher Attitude
Questionnaire (PATT Teachers-NL) consisting of 74 items to ascertain teachers’ views
of technology and technology education was developed by Coenen-Van den Bergh. The
items related to a number of aspects of technology and were comparable to the students’
questionnaire. It was applied in Finland, Poland and the Netherlands (De Klerk Wolters
1989a), after which Moore adapted and shortened it to 60 items for use in the UK (Bame
1989).

The PATT-NL, in accordance with the traditional approach to attitudes, only ascertained
students’ technological concepts (cognitive component) and attitudes (affective compo-
nent) as crucial prerequisites for technological activities (behavioural component) that
result in technological objects Ankiewicz et al. 2001; De Klerk Wolters 1988a; Van Rens-
burg et al. 1999).

The subsequent adaptation of PATT-NL for use in other parts of the world, for example
the USA, as well as the unconventional instruments associated with it will be discussed
briefly in the next section.

The PATT-USA instrument (PATT-USA) and its associated instruments
PATT-USA

The original PATT-NL was translated and modified by Bame et al. (1993) for use in the
USA (Ankiewicz 2016; Volk and Yip 1999). A large-scale research effort comprising both
pilot and survey studies was undertaken by Bame et al. (1993). Over 10,000 students from
seven states participated in the study, with 67 per cent of them between the ages of 13 and
15 years (Bame and Dugger 1989a; Boser et al. 1998; De Klerk Wolters 1988a, 1989a;
Householder and Bolin 1993; Volk and Yip 1999; Zuga 1997).

Five attitude sub-scales were defined, namely general interest in technology; attitude
towards technology (negative attitude); technology as an activity for boys and girls (gender
differences); consequences of technology; and technology is difficult. The attitude factors
comprised only 42 of the 58 items. The 31 items on concept of technology represented a
single sub-scale, namely knowledge about technology (Ardies et al. 2013; Bame and Dug-
ger 1989a; Bame et al. 1993; Boser et al. 1998).

The PATT-USA scales differed somewhat from other PATT studies, as the six origi-
nal attitude scales were apparently not valid for the USA study. Interest, curriculum
and career were combined into two scales, namely one for positive attitude, labelled
as general interest, and one for negative attitude, labelled attitude towards technol-
ogy. Students could not distinguish any of the four original concept scales and due
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to validation problems only one scale was possible and the total score for all concept
items was used (Bame and Dugger 1989a; Bame et al. 1993).

The PATT-USA study indicated that students were interested in technology; that
boys were more interested in technology than girls, that students in the US thought
of technology as a field for both girls and boys, that girls were more convinced that
technology was a field for both genders and that parents’ technological profession
influenced students’ attitudes positively. It also indicated that US students’ concepts
of technology became more accurate with increasing age and that they were strongly
aware of the importance of technology. The US had a rather low score on items meas-
uring the concepts of technology compared to other industrialized countries. Students
who had attended industrial arts/technology education classes had more positive atti-
tudes on all sub-scales and the existence of technical toys in the home had a signifi-
cantly positive impact on all attitude scales (Bame 1991; Bame and Dugger 1989a;
Bame et al. 1993; Boser et al. 1998; Mottier et al. 1991; Zuga 1997).

The Students’ Attitudes towards Technology (SATT) instrument, the Secondary
Students’ Attitudes Towards Technology instrument (SSATT), the Technology Atti-
tude Scale-USA and the Teacher Attitude Questionnaire (PATT Teachers-USA), are
associated with PATT-USA. These unconventional instruments will be discussed next.

Unconventional instruments associated with PATT-USA

PATT-USA was developed for middle school students and was not suitable for primary
school students. Dunlap conducted a study with a shortened version of PATT-USA,
called Students’ Attitudes towards Technology (SATT), for ascertaining third and
fourth grade students’ attitudes towards technology. Overall girls had a more positive
attitude towards technology than boys (Dunlap and Dugger 1991). Bolin developed the
Secondary Students’ Attitudes Towards Technology (SSATT) over eight factors for
older, secondary students (Fleming 2005; Jeftrey 1995).

The TAS-NL instrument was adapted and validated by Jeffrey in 1993 for use by
US classroom teachers (Becker and Maunsaiyat 2002; Jeffrey 1993, 1995). The first
section of the Technology Attitude Scale-USA (TAS-USA) was designed to obtain
demographic information about the respondents. The two remaining sections were
similar to the attitude and concept scales of the TAS-NL (Becker and Maunsaiyat
2002). The TAS-USA accorded teachers the opportunity for action research by ascer-
taining their students’ attitudes towards and concepts of technology and to apply the
knowledge to their teaching of technology (Jeffrey 1993).

A Teacher Attitude Questionnaire (PATT Teachers-USA) was developed consist-
ing of 60 items grouped under nine scales, similar to those by Coenen-Van den Bergh
and Moore (Bame 1989). At the time the US teachers surveyed did not view technol-
ogy as being male dominated; there was strong support for technology being an inte-
gral part of the middle school curriculum; and the teachers had an extensive concept of
technology. A translated version of PATT Teachers-USA was also used in Greece, with
the findings mirroring those in the USA (Androulidakis 1991; Mottier et al. 1991).

The application of PATT-USA in South Africa, as an example of a developing con-
text; adaptations used in Asia (Hong Kong), Flanders and Sweden; as well as associ-
ated instruments will be discussed in the next section.
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Application of PATT-USA and associated instruments in other parts of the world

Van Rensburg et al. (1999) analysed the data collected with the PATT-USA attitude
questionnaire (affective component) among 1010 students in South Africa (Ankiewicz
2016). These researchers labelled some of the factors/scales differently and identified
six factors. Five factors corresponded to the PATT-USA factors, while the additional
sixth factor mostly contained items that had not been loaded to any of the PATT-USA
factors.

For PATT-Hong Kong (PATT-HK), the PATT-USA instrument was translated into
Chinese and specific items were adapted (e.g. relevant technological toys). Examining
the concept of technology was omitted because of problems with the nature of the con-
cept items and due to the time required to administer the survey. The attitude ques-
tionnaire was similar to the PATT-USA, with 58 items over six scales. In line with the
results in other developed countries, significant attitudinal differences existed between
girls and boys in junior secondary schools (Volk and Yip 1999). The PATT-USA atti-
tude questionnaire (affective component) was also translated into Turkish, PATT-Tur-
key (PATT-TR). It yielded similar factors/scales than the application of PATT-USA in
South Africa (Yurdugiil and Askar 2008). The PATT-USA instrument was modified for
elementary school students by updating the dated technological terminology and utilis-
ing inter-rater analysis. In a pilot study among grade 5 students in elementary school
PATT-ELEM yielded similar factors as those established with PATT-USA in lower sec-
ondary schools (Holter 2016).

The attitude questionnaire (affective component) of the PATT-USA instrument as
developed in the 1990s was recently reconstructed and revalidated in Flanders by Ardies
et al. (2013). This resulted in the shorter PATT-SQ instrument with six sub-factors
(career aspirations, interest in technology, tediousness, positive perception of effects of
technology, perception of difficulty, and perception of technology as a subject for boys
or for boys and girls) and 24 items of attitude towards technology (Ankiewicz 2016).
Because of the clear distinction in content, the first sub-factor was defined as techno-
logical career aspirations and the second as interest in technology. The factor attitude
towards technology was changed to tediousness as the revised version defined attitude
as the extent to which technology was found boring, given that all the items were formu-
lated negatively (Ardies et al. 2013).

The six sub-factors were in accordance with the original factors identified by Bame
and Dugger (1989a, b), although containing fewer items. Five of the factors produced
an acceptable internal consistency (> 0.70), while only one, difficulty, had uncertain
internal consistency. The gender factor (i.e. the attitude of whether technology was for
boys and girls, or only boys) was the only sub-factor that showed no correlation with the
other sub-factors. All other factors at least marginally correlated with three other sub-
factors (Ardies et al. 2013; Metsérinne and Kallio 2015). Ankiewicz et al. (2001) raised
concerns about both boys and girls having to respond to the same gender-biased items,
which will be alluded to in the next section on problems with PATT.

Recently a translated, Swedish version of PATT-SQ, labelled PATT-SQ-SE was
administered to 173 students (aged 12-15) followed by an interview with six respond-
ents to explain and interpret the quantitative data. Mixed-method research as advocated
long before (Ankiewicz et al. 2001; Gaotlhobogwe 2010, 2012; Van Rensburg et al.
1999) was followed. The results of this study implied that the PATT-SQ survey could be
used mostly unchanged. However, the gender category could not be used as intended as
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it did not measure what it was supposed to and might be gender-biased. The interest cat-
egory could be reduced to four items to focus on school technology, which would indi-
cate how deep a student’s well-developed individual interest was. The career category
seemed to only detect students who were considering a career in technology, while other
students lacked knowledge about what such a career might be and were therefore not
interested in such a career (Svenningsson et al. 2016).

The PATT studies were adapted for measuring the attitudes of students in upper second-
ary school towards and concepts of engineering as part of Science, Technology, Engineer-
ing and Mathematics (STEM) education. Some of the background variables were related to
engineering, for example experience with technology (toys, computers, museums); engi-
neers among relatives; and the presence of a school subject on engineering in their curricu-
lum. The questionnaire consisted of 65 items, of which 33 dealt with attitude. The remain-
ing 32 items were aimed at measuring concept of engineering. In contrast to studies carried
out amongst students in lower secondary school levels, a reasonably clear concept of engi-
neering was found. The gender differences related to engineering found in lower secondary
education were not found in upper secondary education. The study indicated that students
had a fairly positive image of engineering (K&ycii and De Vries 2016).

The Technology Attitude and Concept Scale (TACS-Thai) was adapted from the
TAS-USA and PATT-USA for use in Thailand. The first section, designed to obtain demo-
graphic information about the respondents, included nine items not part of the original
TAS-USA. The two remaining sections were similar to the TAS-NL. Differences in stu-
dents’ attitudes in the USA and Thailand may be attributed to contextual factors such as
culture and pedagogical factors such as the educational system, especially the teacher-
centred pedagogy used in Thai classrooms. Overall, the pattern of attitudes and concepts
of US and Thai students were similar (Becker and Maunsaiyat 2002). Like Van Rensburg
et al. (1999), these researchers also emphasised the effect of context, such as language and
culture, on the validation of instruments.

The exposure of students to technologically-rich environments may have an effect on
their achievement and their attitudes towards technology. Subsequently, the TEC-Lab
questionnaire was developed, based on the PATT-NL, PATT-USA and the instrument by
Fife-Schaw et al. (1987). Additional items falling within the context of factors identified
previously, resulted in an instrument consisting of 65 items that could be ranked by senior
high school students (grades 9—12) immersed in a technologically-rich environment (TEC-
Lab). A ten-point Likert-type scale was used and eight factors were identified. The expo-
sure indicated positive attitudes towards technology. The shift was consistent, appearing in
each of the factors as well as the overall attitude scale (Householder and Bolin 1993).

In some of the PATT studies described above, researchers alluded to problems experi-
enced with the PATT instruments, some of which will be discussed in the next section.

Problems with the PATT instruments

Researchers experienced some contextual problems; problems with students’ understand-
ing and interpretation of the qualitative section of the PATT instrument; the length; the
construction of the items; and how students dealt with the middle category of the Likert-
type items.

Results in the USA Bame and Dugger (1989a, b) suggested that the essay (qualita-
tive) section of the original instrument was not well understood by respondents. In Hong
Kong (Volk et al. 2003) this section was explicitly excluded from the study. It is suggested
that a phenomenographic research approach should be followed first to explore students’
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conceptions of technology (Luckay and Collier-Reed 2014). The need to supplement quan-
titative research approaches with qualitative ones (e.g. ethnographical studies) had also
been expressed previously (Ankiewicz et al. 2001; Gaotlhobogwe 2010, 2012; Van Rens-
burg et al. 1999).

Context may influence the validity and reliability of some components or of the total
PATT instrument (Otieno 1988; Prime 1991). Van Rensburg et al. (1999) had reservations
about complicated technology-related constructs as part of some of the items (items 20,
22, 23 and 37); “high tech” terminology such as Lego and computers (items 6 and 18)
and value-laden words such as smart, difficult, important, boring (items 13, 14, 15, 21,
26, etc.). They were also concerned about gender-biased items, such as “girls cannot do
technology” (items 30, 41, 47 etc.); negative perceptions such as “I am not interested in
technology” (items 33, 42, 46, etc.) and the majority of items focusing on traditionally
accepted boys’ activities. These researchers suggested that the responses of boys and girls
should rather be compared to a specific gender-neutral descriptive item by using gender as
a control variable or predictive characteristic (Ankiewicz et al. 2001). Recently some of
the results obtained with the PATT-SQ-SE confirmed this concern regarding the gender
category (Svenningsson et al. 2016).

In the USA, students struggled to understand the logic of the negatively-worded items;
hence all were loaded onto one factor (Bame and Dugger 1989a). This supported one of the
concerns raised by Van Rensburg et al. (1999) regarding the use of the negatively formu-
lated items, specifically in a developing context.

Anderssen and Myburgh (1988) emphasised that concepts and terminology, frame of
reference, culture and how an item has been formulated, all influence empirical research
(Van Rensburg et al. 1999). The beliefs linked to emotions or attitudes were generally prop-
ositions, which White (1988) categorised as either prescriptive or descriptive. “Descriptive
propositions reflect and affect attitudes through secondary associations ... there are many
formulae in physics, people have to do lots of problems in physics. Descriptive proposi-
tions reflect and affect attitudes through secondary associations. If the person dislikes for-
mulae and problems, then the examples represent a negative attitude to physics, but that
is reversed if the person likes them. Thus, the same descriptive propositions held by two
people can stand for opposed attitudes, depending on the secondary associations” (White
1988: 102). Ankiewicz et al. (2001) advocated that in the technological context of develop-
ing countries and contexts where students choose English as Second Language (ESL) (or
any other language than their vernacular) as medium of instruction, affective-related items
based on descriptive propositions should rather be used.

Rennie (1988) and other researchers have drawn attention to the frequent use of the mid-
dle category by girls. Results based on mean scores may erroneously imply that girls have
less positive attitudes than boys, while their responses in fact demonstrate non-commit-
ment (Jarvis and Rennie 1998; Mawson 2010; Rennie and Jarvis 1995a).

New instruments which are non-related to the PATT studies, designed for the measure-
ment of students’ attitudes towards technology will be discussed briefly in the next section,
without referring to the results of these instruments.

New instruments other than PATT to measure attitudes
In resolving the contextual and formulation problems mentioned, Van Rensburg et al.

(1999) designed the Attitudinal Technology Profile (ATP) questionnaire to be used in
the lower secondary school (ages 13—14) (Ankiewicz 2016).
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The Test of Technical Attitudes (TTA) measured primary school students’ attitudes
towards technology. It consisted of three subtests. The student had to choose between con-
struction and non-construction toys (TTA1) and between “feminine” and “masculine” toys
(TTA2). Attitude was assessed by five scales, namely interest of technology (options);
interest for technology (activities); image of technology; role model (general) and role
model and work (Doornekamp 1991).

It was found that boys preferred “masculine” and construction toys. The presence of
gender differences with regard to attitudes towards technology at the age of 10-11 years
showed that the gender role socialization was already active during primary education. The
socialization process started before children entered primary school and gender differences
regarding attitude towards technology were already present in 5-year old children. Factors
such as high level of training and/or occupation of the parents; parents’ interest in technol-
ogy; and technology education at primary school level had a positive effect on the attitudes
of both boys and girls. By familiarizing children with technology, one may influence the
selection process in favour of technology (Doornekamp 1991).

Technology in the Finnish education system provides two important scenarios to ascer-
tain students’ attitudes towards technology. Firstly, where technology education is taught
voluntarily as part of vocationally oriented education, and secondly, where it is obligatory
and offered as a cross-curricular theme in general education. The Finnish National Board
of Education (FNBE) attitude test aimed at the assessment of Finnish secondary school
students’ attitudes towards Sloyd as a vocationally-oriented subject. In Finland, technology
education is taught as part of Sloyd and can be viewed as Craft, Design and Technology.
The FNBE attitude test is a shortened and modified version of the Fennema and Sherman
(1976) attitude test that was originally developed for measuring attitudes in mathematics.
The three factors of Fennema and Sherman’s original nine factors used were liking Sloyd
as a school subject; self-concept in Sloyd; and experiencing utility in Sloyd. The findings
indicated that students’ attitudes towards Sloyd were not generally positive but depended
on the task and the motivation for undertaking it. A positive attitude was not based on
the pleasure created by performing routine tasks or mechanical work but on valuing the
importance of constructing information for production activities and for valuable products.
The findings suggested more student-centred pedagogies for developing students’ attitudes
(Metsidrinne and Kallio 2015).

Teachers are not obliged to teach technology as a subject in grades 7-9 as part of gen-
eral education in Finland. However, the National Framework Curriculum (NFC) requires
that cross-curricular themes be included in studies of various subject areas. One such
cross-curricular theme is the Human Being and Technology (HBT). This means that the
teaching of technology has also become obligatory. The HBT questionnaire was devised
in order to examine students’ learning related to the HBT cross-curricular theme among
grade 9 students. It was divided into three sections, namely questions on students’ knowl-
edge about technology (cognitive component), their attitudes towards technology (attitude
component) and their activity know-how (behavioural component). Issues related to atti-
tudes towards technology were studied by means of 20 items which students assessed using
a five-point Likert scale (Jirvinen and Rasinen 2015). The HBT questionnaire appears to
be the first instrument to include a section that measures students’ actions or technological
activities directly as part of the behavioural component of attitudes, and not only students’
readiness for action as with the various PATT questionnaires. It includes 14 questions and
a single open-ended section. This is an extension of the ATP questionnaire, which meas-
ured the readiness for action as part of the behavioural component (Ankiewicz et al. 2001).
The Finnish students’ attitudes towards technology showed similar trends as in the PATT
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studies. A cross-curricular approach does not seem to be conducive to the development of
students’ expected behavioural activities as these students felt that they had not developed
technology or technological applications (Jdrvinen and Rasinen 2015).

A remedial teaching model was implemented as an intervention or effect study to rem-
edy secondary school students’ lack of knowledge of (cognitive component) and interest in
(attitude component) technology in Switzerland. Giidel et al. (2015) identified four person-
ality trait variables as facets of the construct “Affinity for technology” (AFT). They oper-
ationalized these in the online AFT-Switzerland done among 483 students aged 12-14
(grade 7 or 8) in Switzerland. Their findings indicated that more than 80% of the students
perceived the intervention as positive. Despite their AFT on average decreased slightly
between grade 7 and 9, an increase was established under certain teaching conditions.

Primary schools in the Netherlands had to implement science and technology as part of
the Programme for the Expansion of Technology in Primary Education (VIB) with
the aim to change students’ attitudes towards science and technology positively. Since
2008, an online system (www.vtbportaal.nl) has been introduced to ascertain on a large
scale the attitudes of Year 8 students (aged 11-12) in all VTB schools in the Netherlands.
The results confirmed, inter alia, previously found gender differences in attitudes towards
science and technology as well as the problem of gender stereotyping in primary schools
(Schendstok 2009).

Previously, the focus has been on ascertaining students’ concepts of technology mainly
quantitatively by means of the PATT and PATT-related concept instruments (Refer to the
previous sections on the PATT-NL, as well as PATT-USA and their associated instru-
ments). There are also other, mainly qualitative new instruments for ascertaining students’
concepts of technology, which are non-related to the PATT studies. These will be discussed
briefly in the next section.

New instruments other than PATT to ascertain younger students’ concepts
of technology

Jarvis and Rennie (1996a) developed and validated three instruments to elicit and describe
younger students’ perceptions of technology. These were a writing/drawing activity
designed for students of all ages in lower and upper primary school, a picture quiz devised
for young students in lower primary school and a technology questionnaire initially for
older students in upper primary school (aged 10—12 years) but later for even younger stu-
dents. A combined writing/drawing activity, which complemented the questionnaire or
quiz, was available for students of both age groups in lower and upper primary school
(Jarvis and Rennie 1998; Mawson 2010; Rennie and Jarvis 1995a, c).

The Writing/Drawing Activity drew on the essay topic from PATT-NL. To this was
added the instruction: Please tell us what technology means to you by writing about it or
by drawing a picture. You might like to do both (Jarvis and Rennie 1998; Mawson 2010).

The Picture Quiz consisted of 28 pictures based on the descriptive framework intended
to represent a wide range of possible ideas about technology. Some that would not be con-
sidered technology were included (e.g. a bridge, a telephone, a rose). Students had to tick
the pictures they thought were related to technology (Jarvis and Rennie 1998; Mawson
2010: Rennie and Jarvis 1995b).

The so-called Attitudes and Perceptions About Technology (APAT) questionnaire
was developed by Rennie and Treagust (1989), based on the outcomes of early pilot stud-
ies of the PATT instrument in Western Australia. The PATT scales for students 9-12 years
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old were adapted for this purpose. The Technology Questionnaire selected items from the
three APAT subscales related to interest, diversity and design. An additional scale related
to social aspects of technology was also derived, using items from the PATT instrument.
This questionnaire had 20 statements divided into two parts. Part A, called what is tech-
nology? related to the cognitive component of attitudes, and contained 10 statements with
items from the Diversity and Design scales presented alternately. Part B, What do you think
about technology? related to the affective component of attitudes It also contained 10 state-
ments, with items from the Interest and Social Aspects scales presented alternately (Rennie
and Jarvis 1995a, b; Mawson 2010).

Interviewing is another effective way of probing students’ perceptions and under-
standings. Interviews were used during the development stage of the PATT study, as a
means of providing validity for the scales (Raat and De Vries 1987). De Klerk Wolters
(1989b) described how 10 to 12-year olds were at ease talking about technology in inter-
views with researchers (Rennie and Jarvis 1995a). Students were encouraged to talk about
their responses to the writing/drawing activity. They were then requested to consider their
answers on the picture quiz and explain why they had chosen certain items and rejected
others. They were also questioned about where they had come across the term ‘technology’
and whether they did technology at school (Jarvis and Rennie 1998).

Kent and Towse (1996) devised a qualitative open-ended questionnaire with nine items
to ascertain students’ perceptions of technology, as well as of the impact of technology, in
Lesotho and Botswana. Contrary to the quantitative nature of attitude instruments in gen-
eral, the emphasis was on their detailed responses and not on “ticks in boxes”.

A general finding (Ankiewicz 2016) was that students’ attitudes towards technology
may be attributed to various determinants or predictive characteristics (Ankiewicz et al.
2001; Becker and Maunsaiyat 2002; Van Rensburg et al. 1999) such as context, gender,
students’ age, the technological nature of the family’s professions and the technological
toys and facilities at home (Ardies et al. 2015a). Knowing what determinants or predictive
characteristics affect learners’ attitudes towards technology leads to an understanding of
how to develop attitudes, which will be discussed in the next section.

Means to develop students’ attitudes towards technology

Affective behaviours may undergo far more sudden transformations than cognitive behav-
iours (Boser et al. 1998). Attitudes are formed through direct or vicarious means, with the
former being stronger and less resistant to change. Direct means include first-hand experi-
ences with parents, friends, teachers, objects or situations. Vicarious means include atti-
tudes formed through influences such as mass media and advertising campaigns. Technol-
ogy is ubiquitous in students’ daily lives and attitudes about it are formed by a myriad of
both direct and vicarious means (Ankiewicz et al. 2001; Volk and Yip 1999).

Various direct means of developing students’ attitudes towards technology are suggested
in the literature. Rennie (1988) suggests five interacting variables that determine students’
attitudes and suggests focusing on those one has immediate control over, e.g. classroom
experiences. A first direct means is to create more opportunities for girls to participate in
technology. The inclusion of girls in technology education at the earliest opportunity has a
positive impact on their attitudes towards technology, with the differences between boys’
and girls’ attitudes disappearing for some categories (Mammes 2004; Rennie 1988; Volk
and Yip 1999; Volk et al. 2003). A second direct means is to avoid gender discrimina-
tion and stereotyping. Teachers should present technology in such a way that it is equally
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attractive to boys and girls (Ankiewicz et al. 2001; Jarvis and Rennie 1998; Rennie 1988;
Van Rensburg et al. 1999; Volk and Yip 1999). A third direct means is to advance the
content knowledge of technology teachers. The way teachers are prepared is of paramount
importance in influencing the attitudes of all students (Volk and Yip 1999). Teacher knowl-
edge, specifically pedagogical content knowledge (PCK) affects teaching, and in turn
affects students’ concept of and attitude towards technology (Ardies et al. 2015b; Jarvis
and Rennie 1996b; Rohaan et al. 2010; Volk and Yip 1999; Williams 2013).

Other direct means are the nature of curricula, the types of programmes, pedagogy
and resulting learning experience. The technology education profession should strive to
develop curriculum materials and activities that stimulate the interest and meet the tech-
nological needs of all students (Boser et al. 1998; Rohaan et al. 2010; Williams 2013; Yu
et al. 2012). Programmes that are more innovative and less craft and skills based are more
successful in influencing attitudes (Volk et al. 2003). More student-centred, as opposed
to teacher-centred pedagogies (Metsdrinne and Kallio 2015), for example, project-based
learning (PBL) are highly motivating for students, also leading to significant changes in
their attitudes (Ardies et al. 2015b; Becker and Maunsaiyat 2002; Lou et al. 2011; Mio-
duser and Betzer 2008).

Conclusion

In addition to the previous findings made and conclusions drawn (Ankiewicz 2016) a sys-
tematised, rigorous theoretical framework, based on the current state of affairs in studies
of the perceptions and attitudes of students towards technology, should be informed by the
following guiding insights:

Researchers are interested in measuring students’ attitudes towards technology for
many different reasons. Studies into students’ attitudes towards and concepts of technol-
ogy mostly contained information on students’ ideas when entering technology education
(K&ycti and De Vries 2016). The PATT instrument used in the Netherlands, referred to
as PATT-NL, was the first instrument specifically designed for this purpose (Ankiewicz
2016). Based on contextual factors such as language and age, the initial PATT-NL, meas-
uring the cognitive and affective components of attitudes, was followed by the translated
and modified PATT-USA, also focusing on both components. PATT-NL and PATT-USA
may be regarded as mainstream instruments in PATT studies, and of high significance. Of
lessor importance, and considered unconventional, PATT-related instruments such as the
Technology Attitude Scale (TAS-NL), the Technology Attitude Questionnaire (TAQ) and
the Teacher Attitude Questionnaire (PATT Teachers-NL) are associated with PATT-NL.
The Students’ Attitudes towards Technology (SATT), the Secondary Students’ Attitudes
Towards Technology (SSATT), the Technology Attitude Scale (TAS-USA) and the Teacher
Attitude Questionnaire (PATT Teachers-USA), which are also unconventional instruments,
are associated with the mainstream PATT-USA.

A number of related instruments were derived from the mainstream PATT-USA. Based
on the revision of PATT-USA, the development of PATT-HK, PATT-Taiwan, PATT-Turkey
and PATT-ELEM followed. The shorter PATT-SQ was also based on the reconstruction
and revalidation of PATT-USA, but only measuring the affective component of attitudes.
PATT-SQ-SE was a translated, Swedish version of PATT-SQ. The Technology Attitude and
Concept Scale (TACS-Thai) and TEC-Lab questionnaire were developed in similar ways.
New instruments, which were non-related to the PATT studies, such as the ATP, the Test of
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Technical Attitudes (TTA), The Finnish National Board of Education (FNBE) attitude test,
the online AFT-Switzerland and HBT questionnaires were also developed, as were more
qualitative instruments to ascertain younger students’ concepts of technology, such as the
Writing/Drawing Activity, the Picture Quiz, the Attitudes and Perceptions About Technol-
ogy (APAT) questionnaire and the Technology Questionnaire, as well as interviewing. The
various categories of the aforementioned instruments are listed in Table 1. All the instru-
ments have been categorised according to their relationship with the mainstream PATT
instruments which have been developed over time. Holter (2016) compiled a timeline (in
Appendix B) for the development of the abovementioned PATT mainstream and associated
instruments.

Attitude is a broad concept with different definitions and interpretations. Thus, in order
to measure attitudes, a clear understanding of the concept is necessary (Ankiewicz 2016).
Researchers in technology education often acknowledge, either implicitly or explicitly, the
traditional approach to attitudes. The PATT-NL instrument and its derivatives were aligned
to the traditional approach to attitudes with an integrated three-dimensional nature. These
instruments ascertained students’ technological concepts (cognitive component) and atti-
tudes (affective component) as crucial prerequisites to technological activities (behavioural
component) that would result in technological objects (Ankiewicz et al. 2001; Van Rens-
burg et al. 1999). However, these instruments did not ascertain the behavioural component
of students’ attitudes. Except for the HBT questionnaire the closest that other instruments
came to ascertaining the behavioural component (activities) was to measure readiness for
action (Ankiewicz 2016). The overwhelming majority of instruments have been focus-
ing on the cognitive and/or affective component of attitudes, neglecting the behavioural
component. Students’ attitudes towards technology should perhaps in future be ascertained
more holistically by also focusing on the behavioural component as one of the three com-
ponents of attitudes. The researchers involved in the recent HBT questionnaire have done
some ground-breaking work in this regard. Furthermore, statistical techniques such as fac-
tor analyses require researchers to have a clear understanding of the three components of
attitude and the interrelationships of these, as well as of the underlying theoretical frame-
work on which the test items of a specific questionnaire are based. An insufficient under-
standing could impede the identification, labelling and interpretation of the various sub-
scales and scales obtained by factor analyses.

Students’ attitudes are formed by a variety of both direct and vicarious means. It has
been found that students generally have a positive attitude towards but a limited concept of
technology. Their attitudes towards technology may be attributed to various determinants
or predictive characteristics such as gender; technological nature of family’s professions;
and the availability of technological toys and facilities at home (Ankiewicz 2016). Tech-
nology teachers may however access and apply some direct means to positively develop
students’ attitudes towards technology.

Research has now evolved to a stage where researchers are interested in small to
medium scale multidimensional (multivariate, multilevel) studies to determine the effect
of all characteristics or determinants on all aspects of students’ attitudes as opposed to the
effects of one characteristic on a specific aspect of attitude only (Ankiewicz 2016).

In closing, such a rigorous theoretical framework may serve as a valuable resource for
future researchers embarking on this area of research, as it provides a synopsis that may
assist in enhancing an understanding of research that has been done and work that needs
to be done in order to contribute to developing new knowledge in the field of design, tech-
nology, and engineering education. It also indicates gaps in this research area, notably in
researching the behavioural component of attitudes.
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