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Fitting the STEM interests of middle school children into RIASEC structural space

Introduction
At the begging of new the millennium, many European countries have seen declining numbers
of students choosing to pursue the study of physical sciences, engineering and mathematics at
university (European Commission, 2004; Osborne & Dillon, 2008). Consequently, the majority
of EU Member States have experienced recruitment difficulties in relation to STEM skilled
labor force in recent years (Caprile, Palmén, Sanz, & Dente, 2015). This is a serious societal
issue, raising the question when and how interest toward careers in STEM are structured and
formed.
Researchers in this area often use the metaphor of the “leaky pipeline” to describe the
finding that children initially have a high level of interest in STEM area but lose their interest
as they progress through the educational system. This metaphor is found to be especially
applicable for girls, who are losing their interest along their educational or career pathway (e.g.
Blickenstaff, 2005; Mitchell & Hoff, 2006; Riegle-Crumb, Moore, & Ramos-Wada, 2011).
This paper aims to explain interest in STEM careers of middle school children in
important stage of their interests’ formation. We studied STEM interests of children in grade 7
(age 13 years) and try to fit it in the broader context of general development of vocational
interests. There are several reasons for that: a) the age of 13 seems to be a turning point in
formation of interest structure (discussed later); b) in Croatian educational system students at
that age have to start thinking about their future educational path and career choice they have
to make in eight grade; c) school career counselors should be informed about the adequacy of
general RIASEC interest model for capturing and depicting STEM career interests.
Accordingly, we used Holland’s model of vocational personalities and work environments
(Holland, 1959, 1997), as numerous authors consider it as a main model for conceptualizing
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and studying interests (Borgen, 1986; Rounds, 1995; Rounds & Day, 1999). We wanted to
explore STEM interests more deeply and to understand how and where they fit into Holland’s
interest themes. Holland’s model is well-known and systematically explored, and examination
how STEM interests relate to RIASEC types could provide new findings. Fitting STEM
interests within an existent, verified model will enable better understanding of the differences
between STEM fields, gender differences in STEM interests, and developmental issues related
to formation of STEM interests.

The Holland’s model
Holland’s (1959, 1997) theory is based on the Person–Environment fit paradigm which
assumes that interests directly influence educational and career choices and that people incline
toward academic or work environments that are congruent with their interests. Congruence
between an individual’s interests and work environment leads to greater satisfaction and
stability in career. Holland (1959, 1997) proposed six categories for classifying individuals and
work environments: Realistic, Investigative, Artistic, Social, Enterprising, and Conventional,
also referred to as the RIASEC model. RIASEC interest types and work environments are
organized in a circular hexagonal model that implies equal distances between the types.
Interests and work environments which are adjacent (e.g. RI) are more similar than those which
are alternate (e.g. RA), while alternate types are more similar than the opposite types (e.g. RS).
Prediger (1982) proposed two bipolar dimensions that underlie the RIASEC model: PeopleThings, which distinguish Social and Realistic types, and the orthogonal dimension Data-Ideas,
which differentiate Conventional and Enterprising from Investigative and Artistic types.
The hexagonal structure of interest types has been found to fit most of US adolescents
and adult samples (Day & Rounds, 1998; Tracey & Rounds, 1993), but was less well established
in international contexts (Rounds & Tracey, 1996). However, the application of the RIASEC
interests structure to the European samples appeared to be appropriate (e.g. Einarsdóttir,
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Rounds, Ægisdóttir, & Gerstein, 2002; Hedrih, 2008; Nagy, Trautwein, & Lüdtke, 2007;
Šverko, 2008; Šverko & Babarović, 2006). In particular, Šverko (2008) confirmed acceptable
fit of hexagonal model in high-school and college students’ samples in Croatia, as well as in
gender sub-samples.
Concerning the development and formation of interests, some research indicated that
hexagonal structure of interests may not be valid for children under 14 years old (Tracey &
Ward, 1998). Authors examined the structure of interests of fourth and fifth graders, sixth
through eighth graders, and university students, and found that the RIASEC circular structure
fit the college students well, the middle school students moderately, and the elementary school
students poorly. Regarding the stability and invariance of interests, few longitudinal studies
showed that interests become stabile and invariant also after the age of 14 (Tracey, 2002a;
Tracey, Robbins & Hofsess, 2005).

STEM and RIASEC interests

With reference to the previous research, the major divergence in interests in STEM
careers can be expected along the People-Things dimension. It has been found that PeopleThings orientation is good predictor of a choice of STEM college majors (Woodcock et al.,
2012), while Lubinski and Benbow (2006) argued that gender differences on the People-Things
interest dimension contributes to the poor representation of women in STEM occupations. Su,
Rounds and Armstrong (2009), in their comprehensive meta-analysis, demonstrated that sex
differences in STEM interests are largest along the People-Things dimension. Things work
activities involve tasks that do not include other people but involve working with tools or
machines, while People work tasks involve other persons, and activities like caring for others
or teaching. Many disciplines in natural sciences, such as physical science, astronomy, and
chemistry heavily involve Realistic interests placed on the Things pole within the hexagon (Su
& Rounds, 2015). Thus, it is expected that majority of STEM occupations are saturated with
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Realistic features of working environment. On the other hand, Investigative interest, by
definition, captures an interest in science and research, and should also be an indicator for
interest in STEM careers.
While it is expected that most STEM occupations have strong Realistic and
Investigative components, and to incline closely towards the Things pole of the hexagon, STEM
is a broad term with heterogeneous sub-disciplines (Su et al., 2009). According to the List of
STEM Occupations in O*NET Database (Shatkin, 2011) there are clusters of STEM
occupations that have other dominant RIASEC codes. There are STEM occupations with strong
Artistic (e.g. Landscape Architects – AIR), Social (e.g. Postsecondary Chemistry Teachers –
SIR), Enterprising (e.g. Engineering Managers – ERI), and Conventional (e.g. Financial
Analysts – CIE) components.

Development of STEM interests
Childhood and adolescence are important periods for developed and formation of
vocational interests. In the early childhood, the interests for male and female activities were
first developed (Gottfredson, 1996; Tracey & Ward, 1998; Tracey 2001). In the elementary
school, children develop interests for school and out-of-school activities (Tracey & Ward,
1998). In the adolescence, parallel to the development of higher cognitive functions, interests
typical for adults are beginning to form (Tracey & Ward, 1998, Tracey 2001). Correspondingly,
developmental theories stress that the adolescence, in particularly age 13 to 14, is the crucial
period in the process of interests’ formation (Super, 1953, Gottfredson, 1996). However, two
systematic reviews of the literature on children’s career development (Hartung, Porfeli, &
Vondracek, 2005; Watson & McMahon, 2005) criticized age-graded approach and too
extensive research focus on adolescence. Furthermore, in the more recent review, Watson, Nota
& McMahon (2015), suggested the need to focus on career development of younger children.
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The research on the early formation of STEM interests are scarce. There were fewer
studies reporting findings on the middle school students' STEM interest compared to what is
known on secondary and postsecondary level (Usher, 2009). Researchers were mostly focused
in high-school age, finding it the most critical time for formation of STEM interests (Olson,
2009). The major findings showed that during the high-school years girls have overall less
interest in STEM careers and that there is a lower retention of interests in STEM careers among
girls (Brotman & Moore, 2008; Sadler, Sonnert, Hazari, & Tai, 2012). Tracey (2002a) reported
that gender differences in STEM interests became more pronounced with the shift from
elementary school into middle school, and that these gender differences in interests persist
through the entry into college (Tracey & Robbins, 2005). Tai, Liu, Maltese & Fan (2006) found
that roughly half of the students followed through on their eighth-grade science career choices.
Sadler et al. (2012) demonstrated that the key factor in predicting STEM career interests at the
end of high school were STEM interest at the start of high school. It is obvious that children’s
STEM interests are formed at the middle school and remain stable. Thus, a key period in STEM
interest development appears to be placed within the middle school age. These findings are in
line with findings on structural stability and invariance of RIASEC interests from the age of 14,
mentioned earlier.
The aims of this research are to find out how middle school children’s STEM interests
are structured, to what extent children differentiate their interests between the STEM fields
(science, technology, engineering and mathematics), and where they situate their STEM
interests within the general RIASEC model. We expect that STEM interests will mostly incline
towards the Things pole of the RIASEC hexagon, with some difference between STEM fields.
In particular, we expect that the interests for Science will lean, to some degree, to Investigative
interests and Ideas pole.

Method
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Participants
The participants in this study were 627 middle school students from Grade 7 (age 13;
Mage = 12.80; sdage = .37). They were equally distributed by gender, comprising 54% of boys.
Students attended schools in city of Zagreb and its surroundings representing mostly urban
population. The parental educational level generally corresponded to educational level of urban
population in Croatia. The dominant educational level of students’ mothers was first stage of
tertiary education (28.6%), followed by upper secondary education (19.9%). Similarly,
predominant level of fathers’ education was first stage of tertiary (31.1%), followed by upper
secondary level (18.4%). It should be noticed that 21.4% of children at that age did not know
the mothers’ educational level, and 18.9% of children did not know fathers’ educational level.

Measures
We used measures for students’ RIASEC interests, as well as for their specific STEMrelated interests:
For the purpose of this study we developed Children Vocational Interests Inventory
(CVII). The questionnaire is short and simple instrument for assessing the RIASEC interests of
middle school children (age 10 to 14). It consists of 48 occupations, well-known to children
and frequent in the world of work, divided into 6 RIASEC types with eight occupations
representing each type (e.g. truck driver – R; veterinarian – I; sculptor – A; kindergarten teacher
– S; lawyer – E; cashier – C). Children need to estimate how much they like each occupation
on the five-point Likert-type scale. In CVII development, we relied on two RIASEC interest
measures developed in Croatian context that were previously applied to middle school samples
– Pictorial-Descriptive Interest Inventory PDII (Šverko, Babarović & Međugorac, 2014) and
Vocational Interest Questionnaire (UPI-96, Černja, Babarović & Šverko, 2017). In CVII we
included 25 occupations from PDII and UPI-96 that we found well known to children as young
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as ten years. For selecting other suitable occupations, we have consulted Personal Globe
Inventory (PGI) – short version (Tracey, 2002b; 2010; Šverko, 2008), Holland's SDS (Holland,
1985; Šverko & Babarović, 2006), and O*NET database of occupations (The Occupational
Information Network).
The reliability of the CVII’s RIASEC scales was high, ranging from αI= .74 to αS= .85.
The expected three dimensions underlying the RIASEC types were obtained by PCA. Three
dimensions explained 83.8% of variance of RIASEC types, where the first component
resembled the general factor of interests. The two subsequent components, after the 25° rotation
clearly reflected Prediger's (1982) People–Things and Data–Ideas dimensions (r = .95 and r =
.84, respectively). Randomization testing (Hubert & Arabie, 1987; Rounds, Tracey, & Hubert,
1992) show mediocre fit of data to hexagonal structure (CI = .47, p = .02). The magnitude of
this fit is equal to the number of predictions met in the data matrix minus the number of
predictions violated over the total number of predictions made. A CI of .00 indicates a chance
ordering of variables, while a CI of .50 indicates that 75% of predictions have been met
(Sodano, 2001). This mediocre model-data fit is partly expected due to the respondents’ age
(Tracey, 2001; Tracey & Rounds, 1993; Tracey & Ward, 1998), and it corresponds to the CI
indices found for other interest inventories developed for children (Tracey & Caulum, 2015).
Moreover, it corresponds to the fit indices obtained with UPI-96 applied at the similar age group
of respondents (Černja et al., 2017) and it is a bit lower than those reported for PDII applied on
15 years old children (Šverko et al., 2014).
STEM interests inventory for children (STEM-IIC) was developed for the purpose of
this study. It consists of two subscales: scale of interest in STEM occupations and scale of
interest in STEM activities. The scale of interest in STEM occupations has been formed on the
basis of the List of STEM occupations in O*NET Database (Shatkin, 2011). In doing so, special
attention was paid to all STEM occupations that are a) known to children at age 10 to 14, b)
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present in the Croatian labor market, and c) listed in the National Classification of Occupations
(corresponding to ISCO-08). The examples of STEM occupations in the STEM-ICC are:
mathematician, computer programmer, biologist, astronomer, medical doctor etc. The scale of
interest in STEM activities is derived from the description of activities in STEM occupations
within the O*Net, Croatian Occupational Outlook Handbook (Šverko, 1998), and the latest job
descriptions provided by Croatian Employment Service. During the development of activities
descriptors, special care was taken to describe most important tasks within a given STEM
occupation, to be brief and concise, and to use expressions and wording suitable to children’s
ages. The examples of STEM activities in the questionnaire are: Studying the celestial bodies,
planets, stars and galaxies; Maintain engines, instruments and control systems of the aircraft;
Exploring the structure of living organisms with microscope. The occupational scale and the
activities scale consist of 13 items each. The task of respondents is to estimate how much they
like each occupation and activity on a five point, Likert-type scale. The STEM-IIC showed
clear one factor structure (PCA), with the variance accounted for by a general factor of 37.7%,
and all item-factor loadings exceeding .35. The Cronbach alpha for the complete scale was α
=.93, indicating high reliability.
STEM careers interest survey – short, measures interest in specific areas of STEM
(science, technology, engineering, and mathematics). It is an adaptation of the STEM Career
Interest Survey (STEM-CIS) (Kier, Blanchard, Osborne, & Albert, 2014). The adapted version
retains the 16 items, four for each of the STEM areas. It examines the extent to which students
wish to engage in STEM areas in their career, whether they are interested in these occupations
and activities, and whether they have the support of parents in such a choice. The questionnaire
was created as a list of statements, and the task of the respondents is to estimate how much
he/she agrees with the statement at the five point, Likert-type scale. The PCA revealed a clear
four factor structure with high item loadings (all exceed .70) on designated factors after Oblimin
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rotation. The correlations between factor scores range from .22 to .54, indicating relative
divergence between STEM areas. The reliabilities of the four STEM areas scales were: αS =
.91, αT = . 93, αE = .95, αM = . 89, showing high reliability of scales of interest in STEM.

Procedure
This research is a part of wider longitudinal survey, STEM career aspirations during
primary schooling: A cohort-sequential longitudinal study of relations between achievement,
self-competence beliefs, and career interests (further information at www.jobstem.eu),
conducted in 16 Croatian schools participating for four years in the survey. All schools were
from the city of Zagreb and its soundings. The half of the schools were urban schools and other
half were from the outskirts of the city. The data collection procedure was organized at the
school level and scheduled during regular classes. All students were tested by trained research
assistants in group assessment by paper and pencil method, and testing sessions lasted for two
successive class periods (2 x 45 minutes) with a short 5-minute break in-between.

Data analyses
We have applied the Property Vector Fitting (PVF) procedure (Jones & Koehly, 1993;
Kruskal & Wish, 1978) to integrate STEM interests into the RIASEC structural space. The PVF
enables the visualization of structural relations by indicating the orientation and relation of other
constructs in the RIASEC interest structure (Armstrong, Su, & Rounds, 2011). Firstly, we
determined the location of the RIASEC types in a two-dimensional space by calculating the set
of coordinates that adhere to the circular structure; coordinates for six RIASEC types represent
Holland’s RIASEC circumplex model with equal distances between adjacent types and are
calculated to obtain vector lengths equal to 1: R (1.00, .00), I (.50, .87), A (-.50, .87), S (-1.00,
.00) E (–.50, –.87), C (.50, -.87). Then, STEM interests were fitted into RIASEC space. The
property scores were calculated for each STEM interest using a linear multiple regression
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procedure to regress scores for each STEM interest over the two coordinates in the circumplex.
The salience of the STEM interests in the RIASEC structure was assessed by the variance
accounted for (R2) in the multiple regression procedure, which indicates how effectively STEM
interests can be integrated into the RIASEC structure. We followed Kruskal and Wish’s (1978)
recommendation on the desirable strength of multiple correlations (desirable over .90, sufficient
.70-.80) and adopted the cut-off point of R > .70 (or R2 > .49) for a property sufficiently well
integrated in the circumplex structure. Thus, only STEM interests for which vector length
exceeded this cutting point are well integrated into RIASEC structure. In the final step, the
vector’s location (dimension loadings) of the property in the circumplex was calculated.

Results
As expected, girls expressed more Artistic and Social interests than boys, whereas boys
had more interest in Realistic careers. This findings also support the construct validity of CVII
as RIASEC interest measure used in this study. Regarding the measure of general STEM
interests, it was found that boys have more interest in STEM occupations and activities than
girls. In the four STEM fields, the biggest difference in interests was found in Technology and
Engineering in favor of boys. A small but significant difference in favor of boys was found in
Mathematics, and no gender difference in interests was observed in the Science field (Table 1).

------------------------Table 1. About here
-------------------------
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The correlations between RIASEC interests and STEM interests were all positive and
moderate (Table 2). These findings were to be expected due to the existence of a general factor
of interests in all interest scores (Darcy & Tracey, 2003; Prediger, 1982; Rounds & Tracey,
1993). However, comparing the magnitude of the correlations, it can be observed that interest
in Science was mostly related to Investigative interest in both gender samples. The same was
true for STEM interest in Math and Technology. For the Engineering field the correlations with
RIASEC domains are all similar and moderate. The general interest in STEM is mostly related
to Investigative and then Realistic interests. The pattern of relation between STEM and
RIASEC interests is very similar in the boys’ and girls’ samples, indicating that boys’ and girls’
correlation matrices do not differ substantially. The Log determinants for boys’ and girls’
variance-covariance matrices were -5.45 and -4.72, respectively, and the Spearman correlation
between correlation coefficients in two matrices was ρ = .843. Consequently, the integration of
STEM interests into RIASEC two-dimensional circumplex space was examined on combined
sample data.
------------------------Table 2. About here
-------------------------

We wanted to examine how well and where STEM interests fit within a two-dimensional
RIASEC circumplex. Therefore, we had to test the existence of Prediger’s dimensions in
RIASEC interest scores. The Principal Components analysis of RIASEC scores yielded three
components, where the first one represents a general factor of interests with high loadings of
all RIASEC scores (Table 3). The second and third components, after the rotation of 25°,
correlate highly with the People-Things and Data-Ideas theoretical dimensions.
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------------------------Table 3. About here
-------------------------

The results of Property Vector Fitting suggested that fitting the STEM interests within
RIASEC space mostly repose along People-Things dimension (Table 9, Figure 1). However,
only overall STEM interests, and interests in two STEM fields – toward careers in Technology
and Engineering met the R2 fit criteria, and can be well described by RIASEC two-dimensional
circular model. It also should be noted that interests in careers in Science departure from other
STEM measures. The interest in Science have directional cosine directed toward Ideas pole of
circumplex and more to Investigative than Realistic interests.
------------------------Table 4. About here
------------------------------------------------Figure 1. About here
------------------------Considering that in the PVF method RIASEC coordinates represent perfect circumplex
model, and that only mediocre fit of our data to hexagonal structure was observed, we have also
fitted the STEM interests into empirically-given RIASEC space. We used RIASEC positions
on second and third principal components (Table 3) and fitted the STEM interests into this twodimensional space. In this empirical model (Figure 2) the positions of STEM interests were
very similar to those in circumplex. Overall STEM interests and interests toward Engineering
and Technology had high loadings on Things pole of People-Things dimension. The Math
interests were located between Investigative and Realistic interests. The interests toward
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Science moved off from other STEM interests and inclined more to Ideas pole of Data-Ideas
dimension.

------------------------Figure 2. About here
-------------------------
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Discussion
As expected, in general, boys expressed more interest in STEM occupations and
activities than girls. The biggest difference in interests was found in Technology and
Engineering, and a small but significant difference in favor of boys was found in Mathematics.
These results mostly resemble findings of previous studies where gender differences in
engineering interests had a very large effect size, whereas differences in science and
mathematics were much smaller (Su et al., 2009). However, we did not observe significant
gender difference in Science interests. That could be explained by the position of Science
interests in the two-dimensional RIASEC space (Figure 1 & 2). The interests in Science depart
from the People-Things dimension and incline more to the Ideas pole of RIASEC models. Lippa
(1998) concluded that gender differences are strongly linked to the People–Things but not to
the Ideas–Data dimension. Therefore, the absence of gender difference in Science interest in
our results sounds logical.
The correlations between RIASEC and STEM interests were all positive and moderate.
This finding can reasonably be interpreted as a consequence of existence of The General Factor
of Interest (GFI) that can be found in many interest measures (Rounds & Tracey, 1993).
Knowing that GFI accounts for approximately 40% of the variance in different scale scores
(Prediger, 1982), moderate positive correlations were expected. However, some expected
pattern of STEM – RIASEC correlations can be found. The overall interest in STEM was mostly
related to Investigative and then Realistic interests. Interest in Science, Math and Technology
had the highest correlation with Investigative interests. Relation between STEM interests and
Holland’s Investigative code were highly expected. As stated by Su and Rounds (2015),
Investigative interests are the best indicator for interest in pursuing education or careers in
STEM fields.
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To more clearly relate STEM interests to RIASEC two-dimensional, People-Things,
Data-Ideas structural space, we applied PVF procedure (Jones & Koehly, 1993). The PVF
results suggested that STEM interests mostly lay along the People-Things dimension within
RIASEC space. The relation between STEM interests and the People-Things pole of general
interests is largely expected (e.g. Lubinski & Benbow, 2006; Woodcock et al., 2013). However,
only general STEM interest and interest in Technology and Engineering careers met the R2 fit
criteria, and can be well described by the RIASEC two-dimensional model. Only 33% of career
interest in the field of Mathematics, and only 39% of interests in Science can be explained by
the RIASEC model. It also should be noted that interest in careers in Science departs from other
STEM measures. It is directed toward the Ideas pole and inclines more to Investigative interest.
In the two-dimensional space derived from the empirical data, similar positions of
STEM interests were observed. It seems that somewhat misshapen hexagon did not influence
the basic structural relations between underlying RIASEC dimensions and interests in STEM
areas.
It can be concluded that primary school children do not perceive STEM interests as a
uniform field of vocational interests. They differentiate between interests in Science,
Technology, Engineering and Mathematics, and fit them in wider zone around the Realistic and
Investigative types in two-dimensional interest space. This finding corresponds to occupational
codes (Gottfredson & Holland, 1996; Holland, 1985) whereby most STEM-related occupations
are described by investigative and realistic dominant codes (i.e. RI or IR codes), but it also
reveals that some STEM occupations can include elements of conventional or even artistic work
environment.
Moreover, it was shown that the People-Things and Data-Ideas dimensions were not
sufficient to adequately represent all STEM areas. Therefore, some other models that include
more dimensions could be considered to better integrate STEM interests in the general
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vocational interest space. The Spherical Model of Interests (Tracey, 2002b) which includes the
third dimension of Prestige may be promising. The high prestige of many STEM professions is
obvious in the list of occupation codes related to prestige (Hout, Smith, & Marsden, 2015).
Within the top 20 prestigious occupations, 13 are from the STEM field. Hence, it can be
expected that Prestige dimensions of interest will account for a substantial portion of variance
in STEM interests, beyond the People-Things dimension. It could be especially true for interests
toward careers in fields of Science and Mathematics.
Some limitations of our findings should be noted. First, some of the instruments applied
in this study were just developed and not yet cross-validated in other studies. They certainly
capture a lot of sample-specific, or method variance in addition to substantial one. Method
variance can artifactually inflate the observed correlations, between and within the constructs,
which can lead to inaccurate conclusions on instruments’ validity and relations to other
constructs. However, method variance related to self-reported measures is not expected to be
found in some more objective variables like gender, resulting in less likely inflated correlation
with these variables (Spector, 2006). In this survey, we have found similar effect sizes of gender
on interests as those reported in other studies (eg. Su et al., 2009; Su & Rounds, 2015).
Furthermore, the general factor of RIASEC interest found in our data, which can be interpreted
as method variance (Tracey, 2000), have similar eigenvalue to the general factors obtained on
comparable samples (Šverko, 2008; Šverko & Babarović, 2006; Šverko et al., 2014). Those
similarities also suggest that the method variance is not overrepresented in this study. However,
further studies are needed for cross-validation of these instruments and reexamination of the
findings.
The structure of interest of children aged 13 years is not yet fully formed, as it should
be after the age of 14 (Low & Rounds, 2007; Low, Yoon, Roberts & Rounds, 2005, Šverko &
Babarović, 2006, Tracey 2002a, Tracey & Rounds, 1993). The Randomization test applied to
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our sample yielded mediocre fit of data to the hexagonal structure, indicating some departures
from the expected model. Thus, our PVF analysis, conducted in order to fit STEM interests into
hypothetical two-dimensional circular RIASEC space, should be taken with caution. However,
the positions of STEM interests in empirical RIASEC space were very similar to those in
circumplex model. These findings suggest that misshaped structure of RIASEC interests do not
substantially affect structural relations between STEM and RIASEC interests. Moreover, the
positions of STEM interests in both RIASEC spaces are expected and logical and therefore
support the general validity of the findings. It is hoped that, because the results presented in this
paper are only a part of our wider longitudinal survey in which students’ age cohorts are being
followed and assessed during three consecutive years, the stability or variability these findings
will be observed during the critical years of children’s interest development.
In the end, we see several practical implications of these findings for career counselling
and guidance in middle schools. The first is that middle-school children do not perceive STEM
interests as a uniform group of interests. Children at that age differentiate their interests in
Science, Technology, Engineering and Mathematics, and each STEM interest should be
measured or assessed separately. This conclusion is in line with recent Rottinghaus, Falk &
Park (2018) review on career assessment and counselling in STEM. The authors advocate that
interests’ measures should go beyond STEM as a monolithic domain to more specialized areas
and more granular analysis. Secondly, gender differences in STEM interests among middleschool children were not very large, and were manifested mainly in the field of Engineering
and Technology. Therefore, girls, in accordance with their interests, could easily be directed
towards areas of Science and Mathematics. The small gender differences in STEM interests at
age of 13, and notion that interests at are not jet fully structured can be a signal for career
counsellors to invest efforts in retaining girls in the STEM field. Providing the genderresponsive counselling and guidance by promoting non-stereotypical education and career
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pathways can be a useful approach (Broadley, 2015; Rodríguez, Inda, & Fernández, 2016).
Further on, based on STEM interests’ positions within the RIASEC model, it is apparent that
STEM interests cover a wide range of interests, from Conventional to almost Artistic. It is
therefore possible to direct children of different RIASEC interests into STEM occupations that
include some elements of desirable working environments. The O*NET list of STEM
occupations expands the traditional definition of STEM fields by including related
interdisciplinary areas, and therefore can serve as a useful tool for career counsellors. Finally,
our results showed that RIASEC interest measures cannot explain equally well different types
of STEM interests. Therefore, we suggest that in career counselling practice measuring interests
towards Science and Mathematics should not exclusively rely on RISAEC based instruments.
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Figure 1. STEM interests integrated into a two-dimensional RIASEC interests’ circumplex
(Property vector fitting).

Figure 2. Position of STEM interests in empirically-given two-dimensional RIASEC
interests’ space.
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Table 1. Elementary school students’ RIASEC and STEM interests by gender (nm=336;
nf=291, listwise)
Gender
R

I

A

S

E

C

Science

Math

Technology

Engineering

STEM interests

M

SD

t-test

M

2.13

.87

F

1.57

.61

M

2.83

.90

F

2.87

.77

M

2.13

.89

F

3.05

.87

M

2.07

.88

F

2.85

.90

M

2.57

.96

F

2.47

.82

M

2.19

.90

F

2.23

.83

M

2.79

1.25

F

2.89

1.15

M

2.84

1.22

F

2.61

1.05

M

3.52

1.20

F

2.69

1.16

M

2.89

1.31

F

2.11

1.02

M

2.75

.86

F

2.26

.69

Partial η2

p

9.35

.001

.117

-.64

.523

.001

-13.09

.001

.220

-1.93

.001

.165

1.37

.172

.003

-.54

.650

.001

-1.00

.320

.002

2.50

.013

.010

8.83

.001

.111

8.34

.001

.097

8.00

.001

.089

Table 2. Correlations between RIASEC and STEM interests (nm=336; nf=291, listwise)
R
R

I

A

S

E

C

Science Math

Tech. Engin. STEM

(.85)

.41

.38

.41

.47

.54

.14

.23

.30

.34

.56

I

.32

(.74)

.44

.52

.36

.40

.61

.48

.38

.20

.76

A

.42

.52

(.85)

.44

.38

.29

.17

.12

.17

.06

.38

S

.39

.59

.69

(.85)

.58

.59

.13

.15

.17

.07

.36

E

.48

.46

.56

.63

(.84)

.81

.06

.26

.33

.31

.40

C

.52

.50

.60

.71

.82

(.85)

.04

.30

.33

.31

.43

Science

.09

.75

.32

.38

.23

.28

(.91

.42

.28

.26

.59

Math

.15

.52

.18

.19

.18

.24

.51

(.89)

.47

.38

.53

Technology

.29

.36

.19

.19

.26

.28

.28

.43

(.93)

.50

.56

Engineering

.38

.42

.30

.31

.36

.39

.37

.45

.51

(.95)

.45

STEM

.49

.73

.38

.41

.42

.47

.63

.48

.52

.56

(.93)

*Correlations for the male sample are below the main diagonal, and for the female sample are
above the main diagonal; all correlations are significant at p < .01 level. Reliability
coefficients for the scales (Cronbach Alphas) are in brackets in the main diagonal.

Table 3. Factor structure of RIASEC interests: factor loadings and correlation with Prediger's
theoretical dimensions
Components

After 25° rotation

1

2

3

2

3

Realistic

.66

.57

.34

.73

.01

Investigative

.76

-.11

.49

.09

.60

Artistic

.70

-.56

.04

-.46

.24

Social

.84

-.33

-.09

-.41

.06

Enterprising

.84

.26

-.33

.11

-.40

Conventional

.87

.19

-.31

.10

-.34

Tings - People

.949

-.295

Ideas - Data

.111

.841

Prediger's
theoretical
dimensions

Table 4. Dimension loadings and R2 values for STEM interests in two dimensional RIASEC
interest space (Property Vector Fitting)
dimension 1
Things-People

dimension 2
Ideas-Data

R2

Science

.07

.62

.39

Math

.55

.17

.33

Technology

.82

-.32

.76*

Engineering

.80

-.45

.83*

STEM

.64*
.80
.05
2
* Exceeds the cut-off criteria of R >.49, indicating sufficient loadings

