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ABSTRACT 
A pilot study focused on technological literacy and the nature of technology was undertaken 
among 30 Swedish primary school teachers. This research utilised a study-specific 
questionnaire based on previous findings and was comprised of 62 items answered by the 
teachers using a Likert-type scale. The answers were analysed statistically to determine 
internal consistency and for further development of the questionnaire. In addition, a group of 6 
teachers gave their views on why some of the items deviated. The results indicate that, in total, 
at least 7 of the 14 categories need further development, especially the 5 newly designed 
categories covering the critical aspects of technological literacy for which no descriptive 
categories were found in previous research. Factor analyses were also performed to explore 
data and look for indications of how these teachers’ views of technology can be described. 
One 3-factor solution covered 2 dimensions (how technology is conceived and interaction with 
artefacts) as well as one 4-factor solution covering both of these dimensions and background 
variables. Although the sample size limits our conclusions, it is evident that some background 
variables explain more of the variation than would be possible if the sample had been larger. 
Even so, the analyses provide valuable input for the development of our ongoing research 
project.    
 
INTRODUCTION AND BACKGROUND 
Technology is an independent subject in Swedish compulsory schools. However, this does not 
automatically mean that primary school teachers have adequate training or even a developed 
and literate view of technology and the nature of technology (NoT). In the Swedish context, it 
has been found that technology as a school subject lacks an established teaching tradition 
(Björkholm, 2015) and is often overshadowed by other subjects (Skolinspektionen, 2014). This 
phenomenon has also been observed in other countries, such as England and The 
Netherlands (Benson, 2012; Koski, 2014). The teaching of technology traditionally emphasises 
activities, a “doing” and a design process of artefacts, while learning objects and objectives 
receive little attention from the teachers (Bjurulf, 2008; Jones, Buntting, & de Vries, 2013; 



Jones & Moreland, 2004). This is a situation that appears to be especially common among 
primary school teachers (Björkholm, 2015; Blomdahl, 2007; Jones & Moreland, 2004; Rennie, 
2001)  illustrated in their difficulty with constructing and selecting content for teaching in relation 
to the subject syllabi. 
 

Therefore, there is a clear need to develop a knowledge base for teaching technology in 
relation to technological literacy including insights into the NoT. There are several clear 
descriptions of technological literacy and NoT (American Association for the Advancement of 
Science, 1989; Collier-Reed, 2006; DiGironimo, 2010; International Technology Education 
Association, 2007; Mitcham, 1994) that are comprised of overlapping and complementary 
elements. They describe technology as a desire and ability to design and produce artefacts or 
systems for solving problems in relation to our human senses (and limitations within them), 
needs for transport of ourselves or objects, the artefact or system in and of itself and the control 
and use of the artefact or system as well as its impact on society and thereby its development 
from a historical perspective. The aim of this pilot study is therefore to map out the views of 
technological literacy and NoT among Swedish primary school teachers from preschool class 
up to Grade 6.  
 
METHODOLOGY  
A study-specific questionnaire  covering teachers’ background variables and three domains, 
how technology is conceived, one’s interactions with technology and the ability to think critically 
about technology was developed from Collier-Reed’s (2006) Technological Profile Inventory 
(TPI), Aikenhead, Ryan and Fleming’s (1989) Views on Science—Technology Society 
(VOSTS) and Gamire and Pearson’s (2006) Tech Tally: Approaches to Assessing 
Technological Literacy. All 41 items in Collier-Reed’s questionnaire, including ‘How technology 
is conceived’ (five categories of descriptions, referred to as ‘Txx’ below) and ‘Experiences of 
interacting with technological artefacts’ (four categories of descriptions, referred to as ‘Ixx’ 
below), were translated and adapted to the Swedish primary school context. We chose to use 
a 6-point LT version of Collier-Reed’s questionnaire for the following reasons: We focused on 
the width of how teachers conceive and interact with technology, not the TPI of each teacher, 
which the Collier-Reed’s discrete option type gives since the teachers provide answers 
indicating the most preferred statement among 4 or 5 options. Also, when combining the TPI 
with Aikenhead et al. (1989) and Gamire and Pearson (2006), similar categories of descriptions 
did not exist for the critical dimension and therefore the DO-version was excluded. From 
VOSTS, items 40141 and 80211 resulted in 3 reformulated items with adaption to the Likert 
scale and 18 items were developed from Gamire and Pearson (2006). In total, 62 items were 
included in the questionnaire.  
 
To test the questionnaire, a pilot study with primary school teachers was designed. Three 
schools with school classes including students of age 6 - 12 years old (preschool to Grade 6) 
in three different cities were invited. After an initial contact with the principal at each school we 
were allowed to ask all teachers by email to voluntarily and anonymously, in accordance with 
the ethical principles of the Swedish Research Council (Vetenskapsrådet, 2011), to fill out the 
questionnaire. The digital questionnaire was accessed through a link on the internet. Of 60 
teachers 30 completed the questionnaire (3 males and 27 females). Among the respondents, 
11 mainly worked in preschool classes, 14 in Grades 1 to 3 and 5 in Grades 4 to 6. Half of the 
teachers stated that they had received no education in technology during their teacher training, 
6 of them had 6 weeks or more of full-time education in technology.  
 
According to Collier-Reed (2006), both versions of the questionnaire need validation. Even 
though the power of our statistical analyses was low, as a first step we decided to explore the 
data (i.e., internal consistency and factor analysis) using IBM SPSS version 22 (alpha = 0.05). 
Hence, we did not validate the questionnaire in a true sense; instead, we investigated its 
translation and adaption to the Swedish context before performing a validation. Items identified 



as in need of revision was excluded based on the value of Cronbach’s alpha (see corrected 
means in Table 1).       
 
Next, the analysis provided input to a group discussion with 6 teachers. Having completed the 
questionnaire was not a prerequisite for participation in the group discussion. The teachers 
discussed both items and categories where the statistical analysis showed inconsistencies and 
gave their view on why some items deviated with respect to the other items and the meaning 
of each category. Recording was not permitted; instead, notes were taken. Below, the 
teachers’ main thoughts on why some items deviated are summarized.   
 
MAIN RESULTS 

As only 30 teachers completed the questionnaire any statistical analysis must be viewed with 
great caution. Still, it has provided valuable input to the ongoing research project. With that in 
mind, the analysis of Collier-Reed’s (2006) LT version shows that technology seems to be 
everything (Table 1). However, the corrected mean for the first category (TAA: Technology is 
conceived of as an artefact) was much lower, relatively speaking, than for the other categories 
(not statistically significant). Since technology often is conceived of as artefacts, this may be 
worth investigating further. Furthermore, the corrected mean for the interaction category I (ITD: 
Interaction with a technological artefact is through direction) was much lower, relatively 
speaking, than for the other categories in this dimension (not statistically significant). The 
correlation matrix revealed that neither TAA nor ITD correlated significantly with any other 
categories. Table 1 presents descriptive statistics indicating that some items and categories 
need further development, especially those based on Aikenhead et al. (1989) and Gamire and 
Pearson (2006) to connect technology to critical aspects in relation to, for example, ethics, 
integrity and safety. 

 

 

Table 1. Cronbach’s Alpha Values for Each Category  

Outcome space Category/ 

Abbreviation 

Cron-
bach’s 
alpha 

Mean 

(max) 

Median SD Range 
(low-
high) 

Technology is 
conceived of as: 

An artefact, TAA (0,614) 

0,639* 

14,03* 

(24) 

13,50* 4,71* 19* 

(5-24) 

 The application of 
artefacts, TEA 

(0,610) 

0,635* 

15,70* 

(24) 

15,50* 4,39* 16* 

(8-24) 

 The process of 
artefact progression, 
TAP 

0,688 24,67 

(30) 

24,00 3,87 14 

(16-30) 

 Using knowledge 
and skills to develop 
artefacts, TKS 

0,758 21,93 

(30) 

21,00 4,73 18 

(12-30) 

 The solution to a 
problem, TSP 

0,688 24,00 

(30) 

24,00 3,98 14 

(16-30) 

Interaction with a 
technological 
artefact is through:  

Direction, ITD (0,604) 

0,722* 

8,67* 

(18) 

8,00* 3,35* 13* 

(3-16) 

 Instruction, ITI 0,512 18,57 

(24) 

19,00 2,86 12 

(12-24) 



 Tinkering, ITT 0,784 13,30 

(24) 

13,50 4,83 16 

(6-22) 

 Engaging, ITE 0,471 18,73 

(24) 

18,50 2,81 9 

(15-24) 

Critical part: Surveillance 0,258 - - - - 

 Consumer power 0,144 - - - - 

 Safety 0,437 - - - - 

 Sustainability 0,160 - - - - 

 Ethics -0,22 - - - - 

Note: Categories Txx and Ixx refer to Collier-Reed (2006); the others refer to areas developed within 
this pilot study. (N = 30).  

* = Corrected value based on the exclusion of one item in the category,  

- = Not calculated due to the values of Cronbach’s alpha. 

 

Two different factor analyses were conducted to further explore the data. In the first analysis, 
all Txx and Ixx categories described in Table 1 were included; the second analysis also 
included background variables for the teachers. In the first analysis, 3 components were 
extracted; in the second analysis, there were 4 components. They are described qualitatively 
as follows:  

1) The 3-Component Solution 

a. “Technology is conceived of as everything but the artefacts themselves, and 
how they are interacted with includes everything but being directed.” 

b. “Technology is comprised of artefacts, and you should not engage with them.” 

c. “Tell me what to do (direct me) in order to develop technology.”  

2) The 4-Component Solution 

a. “I as a man with a lot of teaching experience; I conceive technology as 
everything but artefacts. I have had limited in-service teacher training in 
technology (and science), and I like to interact with the artefacts in multiple 
ways, but I don’t like being told what to do with the artefacts.” 

b. ”I as a woman with a limited amount of teaching experience; I conceive 
technology as everything but artefacts. I have had in-service teacher training in 
technology (and science), and I only interact with technology through instruction 
or engagement.” 

c. “Technology (and science) was part of my teacher education, and I have not 
received informal in-service teacher education in technology (or science). Still, 
technology is definitely not artefacts or the use of knowledge and skills, it is 
about tinkering with the artefacts and not being directed.” 

d. “As a young science teacher with informal in-service teacher training in 
technology (and science), I conceive technology as artefacts and interact with 
the artefacts by tinkering with them, but not through engagement.”    

 

The follow-up discussions with a group of teachers regarding how they interpret the items we 
excluded from TAA, TEA and ITD showed the following: 

- In TAA, 4 of 5 items refer to artefacts or technological systems that are in use, whereas 
the fifth item — “A washing machine thrown on a rubbish dump with no motor or wire 
is no longer technology. It is just a thing.” (Collier-Reed, 2006, p. 187) — concerns used 



technology. Hence, it is no longer used for the purpose it was built for. For these 
teachers, it is still a technological system, but with respect to the other items, it deviates.  

- In TEA, we reformulated one item which then deviated; A computer is technology when 
you watch a movie using your wireless connection (the original item was, A television 
is technology when you can watch a movie on it using a signal from the air [Collier-
Reed, 2006, p. 187]). According to the teachers, a computer is always technology and 
not only when you watch a movie, which causes this item to deviate from the other 
items.   

- In ITD, 3 of the 4 items concerned passive engagement or a lack of confidence with 
technological artefacts (i.e., I prefer watching someone else, I let someone else do it, I 
seem to always do it wrong), whereas the fourth item concerns asking for permission 
“I always ask permission before I use some new technological thing in case I break it” 
(Collier-Reed, 2006, p. 187). The teachers stated that perhaps this question could not 
be adapted properly from a pupil perspective to a teacher perspective since asking for 
permission is an action and teachers are grown-ups so, do grown-ups really ask for 
permission?  

 

DISCUSSION 
In this pilot study Cronbach’s alpha has been used to investigate the internal consistency of 
the categories investigated. Even if large parts of the questionnaire can be regarded as well-
established and tested (Collier-Reed, 2006), since it stems from phenomenographic categories 
and outcome spaces, it has been transferred and adapted to a Swedish context with teachers 
as informants and, furthermore, expanded with critical aspect items. Also, within a 
phenomenographic research tradition, the categories are defined based on the researcher’s 
interpretation of, in this case, contextualized statements within interviews. Hence, statements 
that the researcher regards as belonging to one category might be regarded as something else 
when interpreted by the teachers in this context without explaining the definitions present.  
 
Regarding the internal consistency, a value for Cronbach’s alpha around 0.60 is acceptable 
for a study of this size (Robinson, Shaver, & Wrightsman, 1991). Nearly all of our items from 
the Collier-Reed part of the questionnaire pass this criteria. However, for the outcome space, 
“Interaction with a technological artefact,” the instruction (ITI) and engaging (ITE) categories 
fell below the criteria. Care must thus be taken when interpreting the results connected to these 
items. Also, the critical aspect items fell way below this acceptance criteria and could not be 
regarded as giving trustworthy results.  
 
In relation to the factor analyses, a general question is raised of whether our sample of 30 
teachers was too small for such an analysis (Zaho, 2009). In his overview, Zaho presents two 
possible directions, one with a minimum sample size and one related to the subjects-to-
variables (STV) ratio (note in our text component equals Zaho’s variable). As an established 
opinion, a sample size should, as a rule, be above or well above 100. But this is, at the same 
time, not backed up with substantial statistical research (Zaho, 2009). The standpoint seems 
to be based on opinions such as “there would seem little reason to doubt the reliability of factors 
derived from samples of 100 subjects’’ (Kline, 1979, p. 40). However, in an empirical test by 
Arrindell and Van der Ende (1985, p. 167), “N = 50 was shown to be the minimum to yield a 
clear, recognizable factor pattern”. The cut-off limit regarding sample size can thus be disputed.  
 
When studying the STV ratio, matrix algebraic arguments claim that the sample size has to be 
twice the number of the variables (Kline, 1979). A survey by Osborne and Costello (2005) of 2 
years’ worth of PsychINFO articles using factor analysis showed that nearly two-thirds of the 
factor analyses had a STV of up to 10 to 1. Surprisingly, 1 of 6 of all analyses had an STV ratio 
of 2 to 1 or below, which is a matrix algebraic uncertainty. Our STV ratio of 10 to 1 or 7.5 to 1 
is well within established and accepted limits. 
 



Contrary to most previous standpoints (e.g., Mitcham, 1994) and a dimension in DiGironimo’s 
(2010) framework, TAA had the lowest mean (in percentage of max), which was a surprise. All 
other categories were valued about the same (in percentage of max), but no significant 
differences were found. However, with respect to the chosen version of the questionnaire (LT), 
it seems evident that teachers should agree to general statements about technology. Still, the 
range and minimum to maximum values indicate that with a larger sample, the result may have 
been different. Also, Engström and Häger (2015) reported that only 40 of 223 teachers viewed 
Technology as artefacts and their functions. Even though we have not presented data for each 
teacher here, such an analysis is possible (Collier-Reed, 2006). Also, in the 3-component 
factor solution, TAA was absent in the first component (all other Txx’s were present), whereas 
the second component only included TAA of all the Txx’s. In the 4-component solution, the last 
component was comprised of TAA. Hence, the factor analyses show that artefacts do become 
important when describing how technology is conceived. However, our sample included 3 male 
teachers, 2 of which worked in Grade 4 to 6; they also happened to be the oldest teachers in 
the sample. Hence, our sample may therefore explain some of the variation in data (the first 2 
components in the 4-component solution). Therefore, firm conclusions with respect to these 
components are limited. Also, the values of Cronbach’s alpha varied within the outcome space: 
“Interaction with artefacts is through…” and the analysis shows that it was only possible to 
exclude one item (within ITD) to increase the values. What becomes evident (but not 
significant) from the data is that most teachers do not want anyone to direct them as they 
interact with artefacts. Still, 1 component in the 3-component solution indicates otherwise. 
 
Easily concluded from Table 1 is that further improvement of the recently constructed critical 
part of the questionnaire is needed. Even though the items were selected from previous 
research (Aikenhead et al., 1989; Gamire & Pearson, 2006), the combination of items was 
unsuccessful. Still, the results give insight into possible improvements. For instance, we need 
to differentiate between surveillance in schools (e.g. including GPS to track pupils on field-
trips) and surveillance in general (e.g. public places). A division is also needed between 
interest groups in the development of technology (consumer, manufacturer and politicians) 
and, furthermore, what actually counts as sustainable technology and what choices teachers 
are willing to make. Finally, in the ethics category, items triggered negative correlations when 
positive correlations were expected. In order to further explore this, subsets may be needed. 
However, as a drawback, this will add items to an already long questionnaire.      
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