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(endnotes)

1  on the foundations of science, model and reasoning see da costa and french (da costa & french,on the foundations of science, model and reasoning see da costa and french (da costa & french, 
2003). 

2 capecchi, d., & pisano, r. ( capecchi, d., & pisano, r. (capecchi, d., & pisano, r. (forthcoming). niccolò tartaglia. the science of weighs in XVi 
century, dordrecht: springer.

3 �e only consider situations and models �e only consider situations and models where the magnitudes (s1....sn) are physically measurable.
4  on The principle of Tertium non datur see Kolmogorov (Kolmogorov, 1925; see also hodges 

1983).

5  on can also see newtonian principle of inertia (newton 1803, i, p. 2, p. 23) where the physical lawsnewtonian principle of inertia (newton 1803, i, p. 2, p. 23) where the physical laws 
can be expressed by means of a proposition preceded by two universal and existential quantifications: (  ) 
(“for all”) and (     ) (“there exists” or “for some”).

6  previously historical reading on the same intends but with different aims were experimented (boerohistorical reading on the same intends but with different aims were experimented (boerowere experimented (boero(boero 
1997; Garuti, 1997).
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Abstract

Subjects such as design and technology are in Slovenian primary schools based on students’ creativity 
and discovery and consequently by preparing students to participate in the technical field. As we know, 
the creative ability is a spontaneity of expression and other creative skills, which can be motivated or 
hindered by the teachers.  Through testing we can get to the image of the actual state of the creative 
abilities of students. Therefore, a special instrumentation and methodology were developed, which could 
achieve that the test conditions were equal for all participants.
The purpose of this study was to examine the state-level of technical creative skills of students with the 
help of a modelled test of creativity. In the verbal part we valued the originality, flexibility and fluency. 
In non-verbal part we valued originality, flexibility and elaboration. Each element of technical creativity 
was evaluated through a detailed criterion and benchmark points. The results, which will be presented in 
the article confirms that students who express a higher level of creativity are more effective in learning. 
The survey shows that the creativity of students depends on a number of factors, including sex - girls are 
more creative than boys, and from age - older people are more creative. Students expressed a low level 
of overall creativity. We can speak about creativity expressed specifically in this test, which can serve for 
comparison purposes only, not to describe the overall situation. There can be many reasons, but this can 
already be the subject of other research and another following study.
Key words: basic education, creativity, engineering and technology, engineering creativity.  

Introduction

between the needs of which inspired the renovation of the education system in the entire 
vertical, the creativity and innovation, openness to change and ability to apply knowledge in 
new and unpredictable situations have to be mentioned as well. documents that were created 
during the curricular reform sort creative individuals among core values and encourage 
creativity between the principles and objectives of education at all levels. openness and a 
better procedural and developmental orientation of curriculum for schools, implies a greater 
autonomy and accountability, as well as good technical skills and creativity for teachers. on the 
basis of general principles, objectives and guidelines, each teacher has to approach to designing 
the curriculum creatively – at planning, implementing and evaluating educational work in the 
department.

for teachers in europe creativity is a fundamental skill. the european commission 
presented the results of early studies on creativity and innovation in schools. these show that 94 
percent of teachers in europe believe that creativity is a fundamental skill. 88 percent of them 
expressed the belief that each individual can be creative. the results of the study also showed 
that 95.5 percent, according to teachers’ creativity, can be applied to all areas of knowledge and 
at each school subject. they also argued that creativity is not only significant in subjects that are 
inherently creative, such as art, music or technology. an important part of the creative learning 
is also the curiosity, analytical skills and imagination to address a critical and strategic thinking 
(Vladni portal, 2009).
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The Definition of the Problem

Pečjak (1987) points out that a fundamental aspect in the study of creativity is the 
originality. creative response is always and necessarily unique, which means that it must give 
something new, peculiar, rare or even something non – recurring. he says that creating the 
opposite state of preservation is by its changing and breaking, and thus in a sense, aggressive 
and violent to reality. it must exceed a given frame to accomplish the originality (likar, p. 9). 
most people are caught in rigid ways of thinking. solutions, which they hold to, make them 
unaware of the other, better, more original one. one of the factors that affect the rigidity of 
thought is experience. creativity is a question of contention in the psychological discussions. 
Trstenjak (Pečjak 1987) believes that creativity cannot be measured. (Guilford, Torrance, 
Barron, Kvaščev etc.). Guilford believed that divergent ability was closely connected to 
creative thinking (Jaušovec 1987). therefore, many psychologists have renamed their tests of 
divergent abilities into tests of creativity. this is considered by many other psychologists as an 
inappropriate and too narrow conception, since the scope of creativity is much bigger and it 
does not contain only divergent abilities. According to Žagar (1992), the necessity for creative 
achievements is also convergent thinking and specific personality traits. but trstenjak has come 
to the conclusion that creativity cannot be measured. However, Pečjakhas a different opinion 
(1987). he gives priority to solving of the problems and not to their opening. but the conditions 
of divergent thinking must be satisfied, as well as multiple solutions or responses. such is, for 
example, the hargreave’s test of unfinished pictures, the test of photo titles or stories, the test 
of visible symbols, the test of picture stories and similar. he is certain that each individual is in 
daily life limited to certain frames, not only in tests (Pečjak, 1987: 123).

Kvaščev (Jurman 2004) suggests four ways of measuring the creativity: by using the 
creativity tests, by using individual’s personal characteristics, by assessing the individual’s 
creativity and by evaluating the final product. the test of creativity is characterized by logic, 
which is opposite to the logic of intelligence tests, where there is only one solution or response 
and no possibility of disconformism in thought. the answers are often adapted to the dominant 
culture or environment in which the compiler of the tasks is. therefore, we could say that 
intelligence tests measure the practical adaptation of the individual to the environment (Pečjak 
1987). Guilford (Jaušovec in 1987) was the one who broke the tradition of tests of intelligence, 
when he split it into convergent and divergent thinking. the first is expressed in resolving of 
closed problems, allowing only one solution. the other is reflected in resolving outstanding 
problems, which can be solved in different ways and allow more than one possible solution. 
to measure the divergent abilities Guilford (1971, Jaušovec 1987) has assembled a completely 
new tests, which include factors of divergent thinking. the factor analysis of divergent 
thinking revealed that it contains three large dimensions:  fluency, flexibility and originality, 
sophistication, elaboration and the ability to detect problems.

creativity tests usually contain a small number of tasks that are set as individual problems. 
these problems include: the problem of unfinished material, the problem of inventing the titles, 
the problem of transforming the material, the problem of association, the problem of sensitivity, 
understanding the implications of the problem, the problem of hidden figures, the problem of 
creating words, the problem of unusual ideas - the individual deals with a story that contains 
a problem and he shall describe causes that explain the problem, the problem of unstructured 
material and the problem of vague images or outlines. tests of creativity are characterized by 
the need to be as open as possible and that each individual has as much freedom as possible and 
is not limited in time (Jurman, 2004: 132).

measurement of creativity refers to the direct estimation of individual creativity. the 
area of such measurement of creativity is limited primarily to the school situation, where pupil’s 
creative behaviour is estimated by all his teachers or classmates. the measurement usually takes 
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place by a specific method, namely, when the teachers or students are required to determine 
the student who, in their opinion, is the most creative in the classroom community (Jurman, 
2004). the assessments of students are much more reliable than the assessment of teachers, as 
students perceive each other differently. teachers on the other hand, are much more tied to the 
school situation when assessing creativity (MarentičPožarnik, 2003). The assessors can also be 
parents or friends who rate the child’s creative potential (Jaušovec 1987). the main problem 
with this kind of evaluation is the diversity of situations in which people are observed and 
therefore differently assessed. since creativity is a very broad term, every student can see the 
area of creativity differently. therefore, it is very important that the concept of assessment is for 
assessors determined precisely and unequivocally (Pečjak 1987, Jurman 2004).

based on indicators of creativity there have already been set in the past some characteristics 
of creative individuals (claxton, edwards, scale-constantinou, 2006). claxton (2006) points 
out six indicators, Guilford (1968), who has worked together with lowenfeld, has pointed out 
eight indicators, which should help in identifying the presence and level of creativity of the 
individuals (Belamarić, Supek, 1987), as follows: sensitivity to problems, receptivity, flexibility, 
originality, ability of analysis and abstraction, the ability of transformation (redefinition), 
synthesis and coherent organization.

Torrance (1974, Jurman 2004, Pečjak 1987, Jaušovec 1987) has solved this problem by 
using the following questions that relate to various aspects of creative thinking:

●  Who in the class has the most ideas? (Fluency),
●  Who in the class has original and unusual ideas? (Originality),
●  Who is the first to find a new solution if the situation suddenly changes? (Flexibility),
●  Who is the one, who provides the most detailed solution when a problem occurs? 

(elaboration).

assessments of creativity have better metric characteristics, if we use well-established 
scales, either numeric, graphic or descriptive (Pečjak, 1987). Assessment of creativity has one 
big advantage over testing. the assessor is available to the data obtained in a natural situation 
(school, family, work), while the experimental data is obtained in artificial situations. the 
assessor has more experience with the individual who is being assessed, which may be taken as 
a disadvantage, since it gives a rise to a number of subjective errors (hallo effect, a logical error 
and personal equation) (Pečjak, 1987;Jurman, 2004;MarentičPožarnik, 2003) .

Characteristics of Technical Creativity

according to duh, the artistic creativity can be defined in the same way as art, “but we 
should add it some specific elements of art, such as art – expressive means” (duh 2004:  22). 
the same can be said for technique and technology, to which we should add some technical 
means of expression. technique and technology in primary schools is based on the detection 
of student’s creativity, channelling spontaneous student’s technical development, identifying 
specific technical expression, thus preparing students to participate in the technical field. as 
we know, the creative ability is equally distributed among individuals, therefore it reflects the 
impact the others have on it; especially the impact of teachers on students. it is sometimes 
inspiring but often obstructing the development of children’s imagination, spontaneity of 
expression and other creative skills. to get the image of the actual state of the creative abilities 
of students, we can get it by testing pupils, whereas all test conditions have to be equal for all 
participants, as well as evaluation of their products.

in the field of technique and technology, a suitable definition derives from an individual 
achievement and seeks to be established as something new (aberšek, 2012). a creative person 
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is someone who has resolved a problem in such a way that he did not recall the solution from 
the memory but he created it for this newly occurred problem (Jaušovec, 1987). students in 
the classroom learn how the natural laws are used in technique and technology. therefore, they 
discover and learn about simple technical and technological problems and by using simple tools 
they are looking for ways to solve them. in such a way they are creatively linking science and 
technical knowledge to practice. technique and technology is a school subject that implements 
the symbolic level to reality. �hen making objects and building construction, the students have 
the opportunity to develop their skills to find and create new solutions, creativity and make 
decisions (curriculum for technique and technology, 2011).

Methodology of Research

in the exploration of creativity in the past, much research has been made on the behalf of 
experts from various fields. they tried to define its basic characteristics (craft, 2006), to highlight 
the various incentive and hampering factors in its development (Jeffrey, 2001; craft, 2006) and 
to determine its domain in some areas (leach, 2001). basic orientation of research creativity 
was its placement in the context of socio-psychological framework, where an organized method 
of teaching includes the development of individual creativity. in the nineties, the researchers 
focused on the creativity of all students in the classroom rather than on individual’s potential.

the purpose of this research is to examine the state-level of technical and creative skills 
of students in the 7th and 9th grade, their capacity for creative and common factors, the level of 
technical creativity, which will be determined in keeping with the six factors of creativity, such 
as (originality, flexibility, sensitivity to technical problems, technical re-definition, fluency and 
elaboration. each element of technical creativity will be followed through specific tasks and 
scored with the help of established scale. 

the study uses a method of causal non-experimental educational research. the sample 
includes 168 students of the 7th and 168 9th grade. the testing of students was done in the 
classroom at technique and technology. the students were tested with the modeled assay of 
technical creativity which was built with the help of torrance’s test of creative thinking. the 
test consists of two drawings, in which a student shows various elements of his own technical 
abilities of expression. the first task is based on the verbal part, in which the student should 
write as many uses of the gear drives as possible. for the non-verbal part, the student must 
complete an unfinished picture. the time is limited, in our case to 45 minutes. all students were 
tested in appropriate experimental conditions. 

Results of Research

the data were processed automatically by the program for statistical data processing 
spss 17.0, on the level of descriptive and inferential statistics. the following procedures have 
been used:
- frequency distribution (f, f %) of descriptive variables (gender, class, final score) ;
- χ2- test of the hypothesis of independence to define relationships between variables (technical 
creativity regarding gender, class and final assessment at technique and technology).
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Differences in the level of verbal and non – verbal creativity 

Table 1. The achievements of students in verbal and non- verbal test of techni-
cal creativity.

 
The stage of verbal creativity The stage of non – verbal creativity

The stage  general creativity f f % f f %
Unexpressed (0 points) 6 1.8 24 7.1

Low (1-3 points) 186 55.3 222 66.1
Middle (4-6 points) 126 37.5 54 16.1
High (7-9 points) 18 5.4 36 10.7

Total 336 100 336 100

it was assumed that the difference between verbal and nonverbal work would be bigger, 
because these are only two different kinds of tasks. but it turned out that we have already 
balanced the test of creativity by criteria itself, so both parts have been equivalent in comparison 
to global results. namely, each student could gain a maximum of 3 points for each component, 
so there has been little loss for students with extreme results at the individual component.  a 
comparison of various shapes and components were necessary, in addition, such extreme cases 
were rare and wouldn’t significantly affect the result (table 1).

Gender Differences

Sex differences at the level of technical creativity are statistically significant (χ2 = 8.491) 
which confirms the fact that the girls in the test of technical creativity have scored higher than 
boys. the results show (table 2) that the percentage of girls in the middle and high level of 
creativity (58.3%) is higher than the percentage of boys (43.8%). the girls have proved more 
technical creativity in the verbal area, which showed a greater degree of flexibility, fluency, and 
elaboration.

Table 2. General technical creativity concerning gender.

F M Total
The stage of general 

creativity f f % f f % f f %

 Unexpressed (0 points) 0 0 0 0 0 0 

 Low (1-3 points) 60 41.6 108 56.2 168 50 

 Middle (4-6 points) 66 45.8 72 37.5 138 41.1 

 High (7-9 points) 18 12.5 12 6.3 30 8.9 

 Total 144 100 192 100 336 100

χ2= 8,491
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Dependence of the Technical Creativity on the Assessment at Technique and Technology

Table 3. General creativity concerning the final assessment at Technique and 
technology.

2 3 4 5 Total

 The stage of general 
creativity f f % f f % f f % f f % f f %

 Unexpressed (0 points) 0 0 0 0 0 0 0 0 0 0

 Low (1-3 points) 0 0 5.4 108 32.1 42 12.5 168 50

 Middle (4-6 points) 0 0 0 0 42 12.5 96 28.6 138 41.1

 High (7-9 points) 0 0 0 0 6 1.8 24 7.1 30 8.9

 Total 0 0 5.4 156 46.4 162 48.2 336 100

χ2 = 79,767

differences in the assessment at technique and technology and the level of technical 
creativity are statistically significant (χ2 = 79,767), which confirms the fact that the students 
with a medium level of expressed creativity have excellent grades (28.6%), half with very good 
(12.5%) and no student with good or adequate assessment. among the highly creative students 
are mostly the ones whose assessment is excellent (7.1%). students, who expressed a higher 
level of creativity, are also better academic achievers (table 3). 

Technical Creativity vs. the Age of the Student

it has been verified if the age of the students has any influence on degree of creativity. 
the results are shown in table 4.

Table 4. General creativity concerning the whole class. 

 7th grade 9th grade Total
 The stage of general creativity f f % f f % f f %

 Unexpressed (0 points) 0 0 0 0 0 0 
 Low (1-3 points) 102 60.7 66 39.3 168 50

 Middle (4-6 points) 54 32.2 84 50.0 138 41.1
 High (7-9 points) 12 7.1 18 10.7 30 8.9

 Total 168 100 168 100 336 100
χ2 = 15,436

Differences in the age and level of technical creativity are statistically significant (χ2 = 
15,436). percentage of pupils with meddle and high level of creativity is higher in the 9th grade 
(50+10, 7 = 60.7 %) than in the 7th grade (39.3 %) according to table 4. it is confirmed that the 
level of technical creativity increases with the age of the student.
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Discussion

it turned out that the students have achieved mainly low level of creativity at this 
mediated test, as well as in general, verbal and non- verbal work. they showed low fluency 
and originality, unexpressed elaboration and medium level of flexibility. results previously 
obtained attributed to the incomplete process in comparison to the actual situation. �e believe 
in a higher level of creativity of students, as they were expressed by a given test of creativity. 
causes are seen in the following points:

to achieve a creative product, in our opinion, it is very important to have inspiration, but 
it is difficult to lure the students into a situation that is not good for creativity. inspiration does 
occur “spontaneously”, it occurs suddenly and unexpectedly, something which in my case it 
was not.essential for creativity is also motivation. �e must recognize that this presented a lot 
of trouble to me, especially with the students of the ninth grade. above all, boys were generally 
very uninterested in solving problems, but this does not mean that they are uncreative, just 
currently uncooperative, the task seemed tedious to them, even “childish”. perhaps the reason 
for the low results is too strict criteria, although they were only determined after a review of all 
our products and the criterion for creating the entire class of students. since expectations were 
high and students could be in general more creative, the criteria were high. 

learning success is dependent on the individual’s creativity. the girls have expressed a 
higher level of verbal part and hence the overall creativity. on the non – verbal part there were 
no differences according to gender. creativity is also dependent on the age of the pupil. it is a 
complex phenomenon, which makes it difficult to measure. this was confirmed by numerous 
studies in the world (ai, 1999). it was found that the creativity of children is decreasing. the 
reason is the amount of time the children spend watching tV, playing computer games rather 
to be engaged in creative activities. even in schools there is not enough support to develop it, 
although 2009 was the year of european creativity. as a result, it occurred the period of crisis 
of creativity (bronson, merryman, 2010).

Conclusion

�ith the obtained results and statistical analysis it has been demonstrated that technical 
creativity is not only dependent on gender, age but also on evaluation at technique and 
technology. students have demonstrated a low level of technical creativity, both verbally and 
non-verbally. the expressed creativity in this test, can serve only for comparison and not to 
describe the overall situation. there can be many reasons, but this will be the subject in the 
following research study.

technical factors, which are complementary to each other, have a higher degree of 
integration. in practice this means that the development of any factor indirectly develops 
creativity and hence encourages all others. as the students in the class respond differently to 
teacher’s impulses and creative technical work, the teacher has to operate in such a way that 
the students activate various factors of technical creativity. only with such an operation can be 
expected to raise the creativity entirety. it would be interesting to compare the results of this 
study, which focused exclusively on the territory of slovenia with similar studies conducted 
outside its borders and to find possible similarities and differences.
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