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sharing information about STEM education, but their effectiveness in outreach; interest
motivating adolescents to apply for engineering education is difficult to development; motivation
measure. To counteract the decline in recruits, universities are looking
for ways to improve the effectiveness of their STEM outreach activities.
This study examines how different university-led STEM outreach
activities are designed to support adolescents’ interest development in
STEM subjects. The data is based on semi-structured interviews with the
organisers of 10 Nordic outreach activities, ranging from one-day events
to nationwide umbrella organisations involving universities. The
resulting 100 descriptions of supporting interest development in STEM
subjects are analysed using content analysis. The findings identify
common practices for supporting interest development in STEM
subjects by supporting relatedness, strengthening competence,
promoting autonomy, raising awareness, and building knowledge in
STEM. The present study reveals the significance of applying both
affective-emotional and cognitive-rational practices to create engaging
outreach experiences that motivate participants to study engineering.
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1. Introduction

Over the recent years, universities have invested substantial effort in developing various STEM
outreach activities, which are out-of-school learning activities that aim at increasing adolescents’
interest in studying engineering (Rosner et al. 2023; Staus et al. 2020). Outreach activities use
different strategies to introduce participants to the content and methodologies of STEM subjects,
namely Science, Technology, Engineering, and Mathematics (Gumaelius et al. 2016). As engineering
education is grounded in these subjects, increasing interest towards STEM can be regarded as a pre-
requisite for enhancing motivation to study engineering (Anderson and Gilbride 2003).

Previous studies have identified outreach activities as essential tools for raising awareness about
the engineering profession, but their effectiveness in motivating adolescents to study engineering is
difficult to measure (Vennix, den Brok, and Taconis 2018). In fact, while the demand for employment
in science and engineering is growing, it appears that in most Western countries, the education
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systems are failing to attract enough students to these fields of study (Vinni-Laakso, Upadyaya, and
Salmela-Aro 2022). Especially there is a lack of students representing a wider range of demographic
groups, including genders as well as racial and ethnic minorities (Masamoto, Stevens, and Ettinger
2024; Ozogul, Miller, and Reisslein 2019). The challenge of recruiting more students and increasing
the gender balance is especially critical in the Nordic countries, which have relatively small popu-
lations (e.g. Lagesen, Pettersen, and Berg 2022; Petersen and Andersen 2018). To address the loss
of recruits, universities are seeking to evaluate and improve the impact of their STEM outreach
activities.

Previous studies that have explored the impact of STEM outreach activities in, for example, Aus-
tralia (Sadler et al. 2018) and Europe (Gumaelius et al. 2016), have concluded that the approaches to
evaluating these activities vary within and across universities. A larger body of previous research has
focused on reporting the short-term outcomes of individual STEM outreach activities in specific
learning environments, including virtual platforms (Herce-Palomares et al. 2022; Prizlow et al.
2022). While these studies have identified a wide range of learning environment characteristics
that trigger adolescents’ interest in STEM (Sdinz et al. 2022; Vennix, den Brok, and Taconis 2017,
2018), the attempts to develop a framework for categorising university-led outreach activities
based on their strategies for creating the intended impact have been limited (e.g. Rosner et al. 2023).

This study aims to fill part of this gap by analysing the design of 10 different STEM outreach activi-
ties in all Nordic countries, ranging from 1-day events to nationwide umbrella organisations with
involving universities. Previous studies suggest that the effectiveness of an activity depends on
how well-prepared and thoroughly developed it is (Harris et al. 2020). Therefore, we chose to
follow activities that have been running for an extended period, allowing time for program refine-
ment. The selected activities have been up and running in the Nordic countries for an average of
14 years, and, due to their well-established and long-lasting nature, they can be considered success-
ful (Laursen et al. 2007).

The perspective of the organisers was adopted to identify outreach practices that are regarded as
critical for creating the intended impact of increasing adolescents’ interest in STEM subjects. The
lenses of affective and cognitive components of motivation (see Krapp 2005) were applied to
start building a theoretical framework for motivating adolescents to study engineering. The research
questions are:

1. How are different STEM outreach activities designed to support adolescents’ interest development in STEM
subjects in the Nordic countries?

2. How do the STEM outreach practices contribute to motivating adolescents to study engineering?

2. Theoretical framework
2.1. STEM outreach activities

STEM outreach activities often apply various strategies to explain the engineering profession, redu-
cing barriers for applying to study engineering, and create opportunities for resonance with the
identity of an engineer (Rosner et al. 2023; Sainz et al. 2022). Previous studies show that outreach
activities positively impact students’ interest in STEM by enhancing understanding (Smaill 2010),
self-efficacy (Fantz et al.2011), attitude (Innes et al. 2012), performance (Markowitz 2004), and motiv-
ation (Kirchhoff, Randler, and Grossmann 2023).

In a study focused on a Canadian outreach program targeting upper secondary school students,
Anderson and Gilbride (2003) found that 75% of the participants experienced an increase in their
knowledge of STEM subjects and that over 40% of them would consider engineering as a career
option after the program. A study of three Norwegian STEM outreach activities targeted at upper
secondary school students showed that providing a variety of outreach experiences is essential
for reaching a broad group of adolescents with different needs, values, and priorities (Jensen
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2014). Masamoto, Stevens, and Ettinger (2024) demonstrated a significant increase in attitudes
toward pursuing STEM careers following a health science outreach activity, with even stronger
effects for participants representing racial and ethnic minorities.

The impact of STEM outreach activities is often connected to high-quality teaching with work-
shops and long-term problem-based activities (Vennix, den Brok, and Taconis 2017, 2018). In a longi-
tudinal study on a summer outreach program in the United States, Markowitz (2004) found that
teaching with hands-on experiences and authentic scientific investigations increased upper second-
ary school students’ self-efficacy in STEM subjects. Similarly, a longitudinal study by Lakanen and Iso-
mottdnen (2018) on an extra-curricular 1-week programming workshop in Finland revealed that
hands-on tasks combined with disciplinary content facilitate upper secondary school students’
development of interest in computer science. In an evaluation study of over 3000 9-14-year-old stu-
dents who participated in an engineering workshop during a school fieldtrip, Ozogul, Miller, and
Reisslein (2019) found that improved perceptions of engineering persist after taking part in an
activity outside of the classroom. Improved effectiveness of STEM activities in outreach learning
environments rather than schools has also been identified by Kirchhoff, Randler, and Grossmann
(2023) and Vennix, den Brok, and Taconis (2023).

The motivational aspect of STEM outreach activities has often been identified in connection with
practices of establishing interpersonal relationships, such as using graduate students as instructors
(Laursen et al. 2007) and presenting role models to attract more women in engineering (Anderson
and Gilbride 2003). In a study of a Norwegian out-of-school program, Jensen and Sjaastad (2013)
identified engagement in interpersonal relationships between the instructors and participants as
one of the key aspects in motivating upper secondary school students to study mathematics. The
role of teacher enthusiasm for upper secondary school students’ intrinsic motivation and achieve-
ment in STEM has also been highlighted in Sweden (Jungert, Levine, and Koestner 2020).

A longitudinal study of Finnish middle school students found that peer interaction affects self-
perception and motivation in mathematics and physics (Vinni-Laakso, Upadyaya, and Salmela-Aro
2022). While the importance of interpersonal relationships has also been recognised in upper sec-
ondary STEM education in Denmark, concrete practices for supporting inclusion among adolescents
from various backgrounds are called for (Petersen and Andersen 2018). One possible solution could
be involving undergraduate students as mentors to provide a diversity of perspectives and clear
communication around complex STEM topics (see Martinez Oquendo 2024).

Raising awareness of the engineering profession and career prospects has shown to be an
effective way for improving the perceived meaningfulness and usefulness of STEM (Henriksen,
Dillon, and Pellegrini 2014; Rosner et al. 2023). Demonstrating the social benefits and values of
engineering has been applied to increase interest especially among female students (Goodyer
and Soysa 2017; Sainz et al. 2022). In their study of over 700 upper secondary school students parti-
cipating in 12 outreach activities in the United States and the Netherlands, Vennix, den Brok, and
Taconis (2017, 2018) concluded that when adolescents understood the relevance of STEM, their atti-
tude and motivation towards these subjects improved. The intention to pursue a career in STEM was
positively associated with making autonomous choices about one’s learning and negatively associ-
ated with being externally controlled.

2.2. Increasing interest development towards STEM

According to Hidi (2006) and Krapp (2005), interest is a psychological state that links the affective and
cognitive components of motivation. The affective component relates to emotions and intrinsic feel-
ings, while the cognitive component relates to a person’s cognitive ability to adopt new knowledge.
The partly subconscious affective-emotional and conscious cognitive-rational components of motiv-
ation form a dual regulation system that guides learner’s actions (Krapp 2005). Interest development
is based on an ongoing process of interactions between the learner and the object of learning (Krapp
1999; Krapp, Hidi, and Renninger 1992). For example, becoming occupied with an outreach initiative
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may trigger interest towards STEM, which is then realised through actions, such as applying to study
engineering.

Affective experiences related to the fulfilment of learner’s basic psychological needs are pre-
sumed to play a crucial role in interest development (Krapp 2005; Ryan 1995). According to the
self-determination theory by Deci and Ryan (2000; Ryan and Deci 2017), when learners’ need for
autonomy, competence, and relatedness is satisfied, they tend to be more engaged in their studies
in an autonomous situation and are more likely to internalise their motivation to learn. Vennix,
den Brok, and Taconis (2017, 2018) conclude that when the outreach learning environment supports
the fulfilment of participants’ basic psychological needs, their motivation to pursue a career in STEM
increases. The fulfilment of these needs has been suggested to foster the inclusion of underrepre-
sented minors, such as women, in STEM fields (Moore et al. 2020).

Learners’ need for autonomy relates to their ability to initiate actions, set goals for personal per-
formance, and act according to their sense of self (Deci and Ryan 2000). Autonomy can be reinforced
by decreasing any sense of compulsion and maximising learners’ perception of having a choice in
the learning situation (Reeve et al. 2002) as well as by incorporating problem-based and inquiry-
driven learning (Moore et al. 2020), and hands-on-science experimentations (Kirchhoff, Randler,
and Grossmann 2023). Increased feeling of autonomy is associated with greater internalisation of
motivation to learn and engage in academic studies (Chirkov and Ryan 2001).

The psychological need for competence relates to self-efficacy (see Bandura 1977, 1997), the
ability to accomplish one’s tasks and reach the set goals (Deci and Ryan 2000). According to
Niemiec and Ryan (2009), learners’ need for the experience of competency can be satisfied
through adequately challenging learning activities and guidance in mastering the tasks at hand.
These activities should be accompanied with feedback that allows improving and evaluating
one’s performance. Eccles and Wigfield (2020) point out that learners’ expectancy for success pre-
dicts their actual performance in relation to the task at hand. However, compared to self-efficacy,
expectancy for success is less stable and more vulnerable to change (Eccles and Wigfield 2020).

Relatedness refers to a sense of belonging and the desire to feel connected, accepted, and
respected in relation to significant others (Deci and Ryan 2000), such as teachers and other students.
Learners who experience such relatedness are more likely to manifest integrated ordinance for the
demanding activities involved in learning, while those who feel less connected to or even rejected by
their teachers or peers are more likely to give up from internalisation and thus react only to extrinsic
controls and contingencies (Niemiec and Ryan 2009). The experience of relatedness in STEM can be
fostered by giving opportunities to work with others as peers and members of the same community
(Moore et al. 2020). In their study of 434 upper secondary school students in Germany, Kirchhoff,
Randler, and Grossmann (2023) found that visiting outreach science laboratories is especially ben-
eficial for adolescents’ perception of relatedness, effectiveness, and enjoyment during science
experimentations.

The cognitive-rational component relates to cognition, which deals with how learners adopt,
process, store, and retrieve information. According to Pekrun et al. (2002), personality traits, cogni-
tions, self-efficacy, and attitudes are linked to this component. Whenever a teacher attempts to foster
certain behaviour in learners, the resulting type of motivation depends on the degree to which the
value of the activity is internalised into one’s sense of self (Ryan and Deci 2000). The evaluation of
value is subjective and may be related to how interesting, enjoyable, attainable, and useful the
activity is perceived as (Eccles and Wigfield 2020). It may also include analysis of the expected
costs of performing the activity, such as being labelled as a ‘nerd’ when studying STEM subjects
(see, e.g. Jensen and Sjaastad 2013; Moore et al. 2020) or failing to pass the entrance examinations
for engineering education. Social desirability, such as how engagement in an activity is perceived by
other students, has been found to influence especially female students’ motivation in STEM subjects
(Vinni-Laakso, Upadyaya, and Salmela-Aro 2022).

Raising awareness of the meaning and value of an activity can be seen as related to the cognitive-
rational component of motivation, which is critical for sustaining certain behaviour (Krapp 2005;
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Ryan and Deci 2000). Learners’ awareness may increase in relation to their ability to perform in the
activity and how the resulting behaviour is endorsed by significant others (Ryan and Deci 2000).
The perception of value and expectancy for success predict what kind of choices the learners will
make and how actively they will engage in the activity (Eccles and Wigfield 2020; Niemiec and
Ryan 2009). As noted by Jensen (2014), a student who already has high expectations of
success in mathematics, may find an outreach activity more motivating if it demonstrates the
value of the subject and introduces job opportunities, rather than merely facilitates experiences
of mastering the related tasks.

According to Hidi and Renninger (2006), continuous interaction between the learner and the
object of learning may trigger either situational or individual interest. Teachers can support the
development of situational interest with environmental triggers, such as selecting intriguing
resources, providing feedback, demonstrating their interest, and generating positive affect in the
classroom. While situational interest is vulnerable to interference, it can be developed towards indi-
vidual interest, which is more personal and persistent in nature (see also Hidi 2006). However, the
specific conditions that turn maintained situational interest into relatively stable individual interest
in the field of STEM remain unclear (Krapp and Prenzel 2011; Sainz et al. 2022).

This study examined ways of supporting adolescents’ interest development towards STEM sub-
jects in the context of university-led outreach activities. In addition to identifying outreach practices
that are regarded as critical for creating the intended impact, the lenses of affective and cognitive
components of motivation (see, Krapp 2005) were applied to examine how outreach practices
may motivate adolescents to study engineering. Previous studies have identified several other trig-
gers of interest development that are excluded from this study and may either enhance or hinder the
impact of outreach activities. These include, for example, the visibility of role models in media (e.g. La
Ferrara 2016) and mother’s level of education (e.g. Abuya et al. 2018) that have been found to guide
adolescents’ achievement and transition to working life. Due to the focus of this study, these triggers,
such as the impact of role models, were only considered if they were designed as a part of the out-
reach activity.

3. Methodology
3.1. Nordic STEM outreach activities

The context of this study is Nordic STEM outreach activities. Nordic countries are often considered as
technologically advanced and the desire to address the shortage of STEM students, especially in the
field of engineering, has been on the countries’ agenda for the past decades (Bjgrnstad et al. 2010).
Consequently, most Nordic universities organise outreach activities to increase interest in STEM sub-
jects and to attract more applicants to engineering studies.

In this study, two different STEM outreach activities from each Nordic country were selected
for analysis. The selection criteria focused on identifying diverse university-led outreach activities
that apply different outreach practices, represent various regional areas across the Nordic
countries, and have been sustained for approximately 10 or more years, and may, thus, be con-
sidered as successful or worth continuing. To identify activities that meet the above criteria,
engineering education professionals involved in the Nordic Engineering Hub and Nordtek Engin-
eering Education network were asked to recommend activities from their respective countries.
They were consulted as part of the Erasmus + Program of the European Union that co-funded
this study.

Based on the expert recommendations, 10 different Nordic STEM outreach initiatives were ident-
ified, ranging from 1-day events to nationwide umbrella organisations involving several universities.
All the activities are targeted at, but not limited to, upper secondary school students, except in
Iceland, where one of the selected outreach events specifically targets female students aged
14-15. The activities selected for the study are presented in Table 1.
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Table 1. Nordic STEM outreach activities selected for the study.

Country Organiser/activity name Activity type Primary target group Code
Denmark Astra Umbrella organisation All levels of education UmbDEN
University of Southern Denmark Academic unit Early childhood to upper secondary UniDEN
Finland Luma Centre Finland Umbrella organisation All levels of education UmbFIN
Shaking up Tech Event Upper secondary females EveFIN
Iceland Boxid Competition Upper secondary ComICE
Girls in ICT Event 14-15-year-old females EvelCE
Norway Advent Calendar Science videos Upper secondary VidNOR
Girl project Ada Event Upper secondary females EveNOR
Sweden House of Science Umbrella organisation All levels of education UmbSWE
Uppsala University Academic unit Primary to upper secondary UniSWE

3.1.1. Denmark

In Denmark, the outreach activities selected for analysis were organised by Astra and the University of
Southern Denmark. Established in 2009, Astra (UmbDEN) is the national Centre for Learning in
Science, Technology and Health whose mission is to coordinate and unify science learning in
Denmark. It is an umbrella organisation that coordinates a wide variety of activities in collaboration
with local partners, such as the University of Copenhagen, Aalborg University, and Aarhus University.
The activities include national science weeks targeted at Danish children of all ages, national science
fairs targeting students in the basic comprehensive education and upper secondary school, as well
as annual conferences for STEM teachers at all educational levels.

The second Danish STEM outreach activity organiser was the University of Southern Denmark and
its Communications Department at the Faculty of Engineering (UniDEN). The local outreach efforts of
the department started in 2007 with an aim of building a solid STEM education pathway from kin-
dergarten to university and ensuring that the graduating engineering students will remain in the
local area as well-educated professionals employed in the local companies. The activities include
school visits, workshops, and science camps, with target groups ranging from kindergartners to
upper secondary school students.

3.1.2. Finland

In Finland, the outreach activities selected were Luma Centre Finland and Shaking up Tech. Luma
Centre Finland (UmbFIN), established in 2014 at the University of Helsinki, is an umbrella organisation
with a national mission to inspire and motivate children and youth in mathematics, science, and
technology. The activities include study visits, events, competitions, clubs, summer schools, and
teacher training. The Centre’s 13 outreach units are located across 11 Finnish universities, and it is
also involved in international STEM networks. The target groups range from kindergartners to
upper secondary school students.

The second Finnish outreach activity was Shaking up Tech (EveFIN), a 1-day event designed to
encourage female high school students to pursue studies in technology. The event is modelled
after the Norwegian STEM outreach activity ‘Girl Project Ada’ and was first organised at Aalto Univer-
sity in 2018. In the following year, the event was expanded to include two other Finnish technical
universities in addition to Aalto University. The program of the event consists of inspirational
speeches by prominent researchers, engineering educators, and industry representatives, as well
as technology-related workshops and a study fair.

3.1.3. Iceland

The two activities selected for analysis from Iceland were Boxid and Girls in ICT. Boxid (ComICE) is a
1-day technology competition organised by Reykjavik University, the Federation of Icelandic Indus-
tries, and the Alliance of Icelandic Secondary School Students since 2011. The competition aims to
increase interest in technology and careers in technical fields. In the competition, upper secondary



EUROPEAN JOURNAL OF ENGINEERING EDUCATION 7

school students work in teams to solve challenges through collaboration between Reykjavik Univer-
sity academics and different branches of the industrial sector.

The second Icelandic activity, Girls in ICT (EvelCE), is a 1-day event that aims to attract more female
students to pursue studies in Information and Computer Technology. The event has been organised
at Reykjavik University since 2011 in collaboration with the Federation of Icelandic Industries and the
Icelandic Computer Association. It is part of the International Girls in ICT Day, an umbrella event coor-
dinated by the International Telecommunication Union. Targeted at female students aged 14-15,
the event includes meetings with female leaders in technology companies, as well as hands-on work-
shops held at company premises.

3.1.4. Norway
In Norway, the STEM outreach activities selected for analysis were Advent Calendar and Girl project
Ada. Advent Calendar (VidNOR) is a science video calendar published online by the University of Sta-
vanger in December since 2015. The calendar aims to promote the natural sciences by demonstrat-
ing children and youth that science experiments can be fun and exciting. The yearly 24 episodes
range from simple chemistry and physics-related experiments that can be done at home to more
advanced experiments that can only be done in a laboratory environment. Physics and chemistry
teachers can use the videos as examples and replicate some of the presented experiments in class.
The second outreach activity, Girl project Ada (EveNOR), was established in 1997 at Norwegian
University of Science and Technology with the aim of encouraging female students to study
STEM subjects. It entails a 1-day event called Girls’ Day, during which female upper secondary
school students are invited to visit the university, attend inspirational talks presented by prominent
STEM educators, and learn about the engineering study programs. Similar events are also organised
by other Nordic universities, such as Girls’ Day in Tech at the University of Stavanger in Norway and
Shaking up Tech at Aalto University in Finland.

3.1.5. Sweden

In Sweden, the selected STEM outreach activity organisers were the House of Science and Uppsala
University. Established in 2001, the House of Science (UmbSWE) is a laboratory environment co-
owned by the Royal Institute of Technology and Stockholm University. It aims to increase youth's
interest in STEM subjects by functioning as a regional umbrella organisation and providing local stu-
dents and teachers with facilities for conducting more advanced science experiments than would be
possible at school. It hosts various types of activities, such as school programs, weekend courses,
teacher training, and science-related events. These activities are targeted at upper secondary
schools and the upper levels of the basic comprehensive education.

The second Swedish outreach activity is organised by Uppsala University and its Communication
and School Collaboration unit (UniSWE). This unit was established in 1997 with the aim of attracting
more students to apply to study STEM fields after upper secondary school. The outreach activities of
the unit range from organising science festivals and workshops to providing deliverable science test
kits for schools to conduct experiments in the classroom. The target groups include pupils from
primary school to upper secondary level.

3.2. Data collection

To obtain information on the 10 outreach activities from all Nordic countries, 12 semi-structured
interviews were conducted between Fall 2019 and Spring 2020. The interviewees included directors
and organisers of the national or university-specific outreach initiatives. For one umbrella activity,
two organisers were interviewed separately to capture both general and local-level managerial per-
spectives. For the video calendar, both co-organisers of the activity attended the same interview. The
open-ended interview questions focused on the goals and purposes of the outreach initiative, the
activities included in the initiative, the participant feedback and future development of the initiative
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(see Appendix 1). Eight of the interviews were conducted online, while three were conducted face to
face. The interviews were recorded and transcribed verbatim, with an average length of 40 minutes
each.

3.3. Data analysis

The first phase of data analysis involved identifying descriptions of supporting interest development
in STEM subjects within the interview transcripts. In the second phase, the resulting 100 descriptions
were analysed using deductive content analysis. Deductive category application was chosen to
divide the descriptions into two main categories based on their affective-emotional or cognitive-
rational components of motivation.

The deductive analysis of all descriptions identified 68 descriptions of support for interest devel-
opment, primarily based on the affective-emotional component of motivation. These descriptions
involved supporting interest development by fulfilling adolescents’ basic psychological needs in
the context of STEM. The deductive analysis also identified 32 descriptions that were mainly
based on the cognitive-rational component. These descriptions involved supporting interest devel-
opment by raising adolescents’ awareness of the content, meaning, and value of STEM.

In the third phase of the analysis, the three basic psychological needs of the self-determination
theory framework were applied to the 68 affective-emotional descriptions of supporting interest
development in STEM subjects. The deductive content analysis resulted in 38 descriptions of sup-
porting relatedness, 24 descriptions of strengthening competence, and 6 descriptions of promoting
autonomy.

The fourth phase of the analysis involved inductive content analysis of the 32 cognitive-rational
descriptions supporting interest development. Inductive analysis was applied as further theoretical
framework for deductive analysis of the cognitive-rational component of motivation was lacking. The
analysis resulted in 19 descriptions of raising awareness of engineering studies and career options,
and 13 descriptions of building knowledge and understanding of STEM subjects.

The fifth phase of the analysis involved inductive subtheme creation for the five main categories
of STEM outreach practices: supporting relatedness, strengthening competence, promoting autonomy,
raising awareness, and building knowledge. The inductive content analysis identified nine different
STEM outreach practices based on either the affective-emotional or cognitive-rational component
of motivation. The five phases of data analysis are presented in Table 2.

The robustness of the coding schemes was assured by the first and second authors initially coding
the interview data independently, after which the resulting categorisations were compared and dis-
cussed until consensus was reached. As most of the 100 descriptions of supporting interest devel-
opment were intertwined, their categorisation was based on the main emphasis in each
description. For example, when discussing the descriptions of strengthening competence and build-
ing knowledge, it was clarified that strengthening competence involved specific teaching and learn-
ing practices, such as hands-on workshops, aimed at improving adolescents’ skills and competences
in STEM. In contrast, building knowledge included descriptions that merely mentioned the impor-
tance of teaching for increasing interest in STEM. The present study complies with the ethical con-
siderations and values required in research conducted with human beings (McMillan and
Schumacher 2014).

4. Findings

Based on the interviews with the organisers of 10 STEM outreach activities, a total of nine common
STEM outreach practices were identified across the Nordic countries. These practices were high-
lighted as critical for supporting adolescents’ interest development in STEM. When describing the
design of their activities, each organiser identified four to seven of the following practices: hands-
on working, organising campus visits, teaching STEM, applying authentic tasks, promoting inclusion,
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Table 2. Process of data analysis.

Phase Outcome Data excerpt
1. Identifying units of analysis 100 descriptions of supporting interest We have a team of student ambassadors that
development actually perform these activities, and we also

very deliberately choose them because we get
this peer-to-peer experience. (UniDEN)

And it started to just introduce science and
engineering to students. (ComICE)

2. Deductive content analysis 68 affective-emotional and 32 cognitive- ~ We have a team of student ambassadors that
of all descriptions rational components of motivation actually perform these activities, and we also

very deliberately choose them because we get
this peer-to-peer experience. (UniDEN,
affective-emotional)

And it started to just introduce science and
engineering to students. (ComICE, cognitive-

rational)
3. Deductive content analysis 38 descriptions of supporting relatedness, We have a team of student ambassadors that
of the 68 affective-emotional 24 of strengthening competence, 6 of actually perform these activities, and we also
descriptions promoting autonomy very deliberately choose them because we get

this peer-to-peer experience. (UniDEN,
affective-emotional, supporting relatedness)
4. Inductive content analysis of 19 descriptions of raising awareness, 13 of ~ And it started to just introduce science and

the 32 cognitive-rational building knowledge engineering to students. (ComlICE, cognitive-
descriptions rational, building knowledge)
5. Inductive content analysis 9 STEM outreach practices of motivating ~ We have a team of student ambassadors that
adolescents to study engineering actually perform these activities, and we also

very deliberately choose them because we get
this peer-to-peer experience. (UniDEN,
affective-emotional, supporting relatedness,
providing peer support)

And it started to just introduce science and
engineering to students. (ComlICE, cognitive-
rational, building knowledge, teaching of
STEM)

sharing information, providing peer support, introducing role models, and making learning enjoy-
able. Table 3 shows which practices were highlighted in the design of each Nordic STEM outreach
activity.

4.1. Supporting interest development towards STEM

The practices of hands-on working, teaching of STEM subjects, and organising campus visits were
highlighted in 8 of the 10 Nordic outreach activities. Providing opportunities for hands-on
working was considered important for building confidence, especially among adolescents who
do not have any other STEM-related out-of-school activities. Teaching of STEM subjects was ident-
ified separately from hands-on working, as it did not involve descriptions of any specific learning
activities. Teaching, in general, was highlighted as necessary for supporting adolescents’ perform-
ance in STEM in the classroom. The experience of succeeding in STEM subjects was deemed
especially important for adolescents who struggle to meet the curriculum-based learning objec-
tives at school. Organising campus visits often targeted adolescents whose schools are located
outside of the university region and who might not otherwise be aware of the study programs
at the university.

Applying authentic tasks, promoting inclusion, and sharing information were highlighted in six of
the Nordic outreach activities. The authentic tasks often involved real-life science projects or
mimicked them to showcase the usefulness and value of STEM subjects. Some organisers worked
in collaboration with in-class teachers to educate them on how to instruct authentic science exer-
cises in the classroom. Promoting inclusion involved lowering the threshold for females, adolescents
whose parents are not familiar with engineering, and other minorities in STEM fields, such as
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Table 3. Nordic STEM outreach practices.

Denmark Finland Iceland Norway Sweden
Umb Uni Umb Eve Com ICE Eve Vid NOR Eve Umb Uni

Outreach practice DEN (6) DEN (6) FIN(7)  FIN (5) (4) ICE (5) (4) NOR (5) SWE (6) SWE (6)

Hands-on working X X X X X X X X
(8)

Organising campus X X X X X X X X
visits (8)

Teaching of STEM X X X X X X X X
(8)

Applying authentic X X X X X X
tasks (6)

Promoting X X X X X X
inclusion (6)

Sharing X X X X X X
information (6)

Providing peer X X X X X
support (5)

Introducing role X X X X
models (4)

Making learning X X X
enjoyable (3)

UmbDEN, Astra; UniDEN, University of Southern Denmark; UmbFIN, Luma Centre Finland; EveFIN, Shaking up Tech; ComICE,
Boxid; EvelCE, Girls in ICT; VidNOR, Advent Calendar; EveNOR, Girl project Ada; UmbSWE, House of Science; UniSWE,
Uppsala University.

non-native speakers of the local language, to take part in STEM-related activities. These target groups
were often invited to these activities to increase interest in STEM and to establish connections and a
sense of belonging. In some cases, promoting inclusion included organising advanced-level science
competitions for exceptionally talented adolescents in STEM. Sharing information about engineering
as a career choice and study path was mostly highlighted as a central part of supporting interest
development during campus visits and 1-day outreach events.

The practice of providing peer support was highlighted in five outreach activities. It often included
employing more advanced students to act as tutors for STEM exercises and to share their experi-
ences about engineering studies during outreach events. These student ambassadors were often
considered more relatable to adolescents than faculty members. Introducing role models was high-
lighted in four outreach activities as a way to increase the representation of minorities in STEM
fields. The role models were often young, successful female engineers and were mostly introduced
as part of events exclusively targeted at female participants.

The practice of making learning enjoyable was highlighted in three Nordic STEM outreach activi-
ties. It often involved creating a relaxed atmosphere and applying playful teaching methods. Inter-
view excerpts for each Nordic STEM outreach practice are presented in Table 4.

4.2. Motivating adolescents to study engineering

After identifying how Nordic STEM outreach activities are designed to support interest development
in STEM subjects, the nine common outreach practices were categorised based on their connection
to the affective-emotional or cognitive-rational component of motivation. Of the nine Nordic STEM
outreach practices, six were identified as being based on the affective-emotional component of
motivation. When describing these practices, the outreach activity organisers highlighted their
importance in promoting experiences of relatedness, competence, and autonomy among the par-
ticipants. Three of these practices were related to supporting relatedness, two to strengthening com-
petence, and one to promoting autonomy.

Three of the nine STEM outreach practices were identified as being based on the cognitive-
rational component of motivation. When describing these practices, the organisers highlighted



EUROPEAN JOURNAL OF ENGINEERING EDUCATION 11

Table 4. Interview quotations for the STEM outreach practices.

Practice

Quotation

Hands-on working

Organising campus
visits

Teaching of STEM

Applying authentic
tasks

Promoting inclusion

Sharing information

Providing peer support

Introducing role
models

Making learning
enjoyable

[Female students] typically do less ICT stuff, programming or building as a hobby, work with
electronics or build machines [than male students]. — So, that we want to offer in the workshop, they
can - realise that it is not that difficult, | have all the necessary skills, | can do it. (EveFIN)

High school students come here with buses from all over Sweden. We have organised the free-of-
charge bus rides and meals and everything so that they can get to know our study programs and
speak to our researchers and students as well. (UniSWE)

[The sponsors] support the activities because they want students to come here to learn STEM subjects.
They want them to get better results in school, to learn more. (UmbSWE)

They make fish machines [utters a laugh] for the food industry, for fish and meat and everything and
they have scales that are really accurate. One of the projects was to assemble one scale and make it
as accurate as they could. So, they had a few pointers how to do it and what were the ingredients of
it, and they see the final product, and then they must figure it out. (ComICE)

It really is very rewarding also the feedback we get from parents that finally Peter met somebody who
was like him, finally somebody who actually likes biology. (UmbDEN)

We spend a lot of time informing about all the, medical technology in these events that we do, like
okay, what you can actually do with technology. If you develop so-and-so technological thing, you
can help millions of people instead of one at a time. (EveNOR)

We have a team of student ambassadors that actually perform these activities, and we also very
deliberately choose them because we get this peer-to-peer experience. — They are more similar in
age and - can better relate to the current situation of the upper secondary school students. (UniDEN)

That was basically, of course, with the aim of showing girls, 14 and 15-year-olds, — some role models
because they need to see that. It's like what Geena Davis said, if you can see it, you can be it. That's
why it started basically. (EvelCE)

The idea is that if you get positive experiences, you experience success, you get a good feeling about
something, you will return to these nice things again in your own time. (UmbFIN)

| think that's, the reason why these movies have been so spread around, because [their style is] very
relaxed, — you see it very easily in the movies, we enjoy it. (VidNOR)

their importance in raising awareness of engineering and building knowledge in STEM. The connec-
tions between Nordic STEM outreach practices and the main goal of motivating adolescents to study
engineering are presented in Table 5.

The affective-emotional outreach practices of promoting inclusion, providing peer support, and
introducing role models were categorised as supporting relatedness in the context of STEM subjects.
These practices aimed to ensure that all adolescents, regardless of their demographic background,
feel a sense of connectedness to the engineering community, find role models that they can identify
with, and experience acceptance from significant others, such as senior students.

Hands-on working and applying authentic tasks, or tasks that mimic open-ended real-life pro-
blems, were described to strengthen adolescents’ competence in STEM. Both practices were based
on applying theory to practice and learning by doing and may thus be deemed as a much-
needed alternative for more theoretical and abstract studies in school. Strengthening competence
may benefit especially adolescents who struggle to meet the curriculum-based learning objectives
in STEM.

Table 5. Motivating adolescents to study engineering. The number of outreach activities that highlighted each outreach practice
is presented in parentheses.

MOTIVATION TO STUDY ENGINEERING
Affective-emotional

Cognitive-rational

Strengthening
competence

Building
knowledge
Organising campus Teaching of STEM

visits (8) 8)

Sharing information (6)

Supporting relatedness
Promoting inclusion (6)

Promoting autonomy Raising awareness

Hands-on working (8) Making learning
enjoyable (3)
Providing peer support

5)
Introducing role
models (4)

Applying authentic tasks
(6)
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The practice of making learning enjoyable was categorised as promoting autonomy in the context
of STEM. The organisers described enjoyment as a means of reducing the sense of compulsion
related to STEM studies and lowering the threshold for self-initiated work, which, according to
Deci and Ryan (2000), is central to the experience of autonomy. Triggering enjoyment may be par-
ticularly important for motivating adolescents who have experienced falling behind or even failing in
STEM studies at school.

The cognitive-rational practices of sharing information and organising campus visits were cate-
gorised as raising awareness of engineering as an attractive study option and career choice. These
practices were deemed especially important for adolescents who lack access to information about
engineering education. Raising awareness was also considered important for adolescents who are
at the risk of becoming marginalised in STEM fields due to, for example, being exposed to stereo-
types and misinformation.

The practice of teaching about STEM was categorised as building knowledge in these subjects. This
practice aimed to support and complement the curriculum-based learning objectives, ensuring that
more adolescents understand STEM subjects, perform well in related studies, and are aware of their
capability to pass the entrance examinations for engineering study programs. The focus was on both
adolescents who need additional support and those who want to challenge themselves beyond the
regular STEM classes.

5. Discussion

This study adopted the perspective of organisers to investigate how different university-led Nordic
outreach activities, ranging from 1-day events to nationwide umbrella organisations, have been
designed to support interest development in STEM. The results revealed a total of nine common
STEM outreach practices aimed at fostering adolescents’ interest. To begin building a theoretical
framework for motivating adolescents to study engineering, the outreach practices were examined
through the lenses of affective and cognitive components of motivation (see Krapp 2005). The
findings revealed that all Nordic STEM outreach activities apply a selection of practices that
combine the affective-emotional and cognitive-rational components of motivation.

5.1. Fostering situational interest with affective-emotional outreach experiences

Most of the common practices identified in the design of Nordic STEM outreach activities were con-
nected to the affective-emotional component of motivation, as they mainly focused on fulfilling the
basic psychological needs for relatedness, competence, and autonomy.

Practices of supporting relatedness were identified in almost all designs of Nordic outreach activi-
ties. With the growing need to broaden the limited, and rather homogeneous, as well as male-domi-
nated group of adolescents interested in STEM in the Nordic countries, establishing a sense of
belonging for all participants was highly emphasised by the organisers. These practices often tar-
geted participants at risk of becoming marginalised in STEM fields, highlighting the importance of
inclusion for supporting relatedness (see also Petersen and Andersen 2018). Perceived relatedness
with significant others, such as peers and teachers, has been found to predict the level of engage-
ment in an activity (Furrer and Skinner 2003) and is considered particularly critical for attracting more
women to study STEM (Barakat et al. 2021; Vinni-Laakso, Upadyaya, and Salmela-Aro 2022). Thus, in
the previous studies, the motivational aspects of STEM outreach activities have often been limited to
establishing interpersonal relationships (Jensen and Sjaastad 2013).

Most Nordic outreach activities provided opportunities to strengthen STEM competence. The
motivational aspect of strengthening competence was considered especially important for adoles-
cents struggling to meet the curriculum-based learning objectives in STEM at school. In fact, exclu-
sive outreach practices, such as science competitions aimed at the most talented adolescents, were
identified to address the need for relatedness rather than competence within the target group.
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Previous studies have also connected the effectiveness of STEM outreach activities to high-quality
teaching featuring hands-on tasks and authentic problem-solving (Lakanen and Isomodttonen
2018; Vennix, den Brok, and Taconis 2017, 2018). However, the affective-emotional perspective of
strengthening competence has been rarely explored. As noted by Vinni-Laakso, Upadyaya, and
Salmela-Aro (2022), the role of emotions in motivating adolescents to study STEM should be
better acknowledged in science education.

While previous studies have emphasised the importance of making autonomous choices in one’s
learning during STEM education (Petersen and Andersen 2018) and outreach (Vennix, den Brok, and
Taconis 2018), such practices were not found in this study. Instead, promoting autonomy was associ-
ated with providing enjoyable experiences that would encourage participants to engage with STEM
independently beyond the outreach activity. As the participants are typically exposed to one-off out-
reach activities for a short period of time, it may be challenging to design activities with considerable
freedom to make independent decisions regarding the content and method of their learning. STEM
outreach activity organisers have pointed out that limited time, lack of engagement, and difficulty in
selecting appropriate problem-solving scenarios were the primary concerns when organising these
activities (Rosner et al. 2023). Additionally, it is possible that the Nordic educational system already
emphasises autonomy to such an extent that the outreach organisers did not feel the need to expli-
citly highlight a broader range of autonomy-supportive practices in the interviews. In Germany,
Kirchhoff, Randler, and Grossmann (2023) found that science experimentations in outreach learning
environments resulted in a similar degree of perceived autonomy than in school.

This study confirms previous research on the applicability of basic psychological needs as a frame-
work to investigate strategies to increase interest in STEM (e.g. Kirchhoff, Randler, and Grossmann
2023; Ko and Davis 2017; Moore et al. 2020; Smaill 2010). However, focusing only on the participants’
partly subconscious affective-emotional experiences may help explain why the impact of STEM out-
reach activities often defy measuring (e.g. Gumaelius et al. 2016). The type of interest generated by
these experiences may remain situational and, as Hidi and Renninger (2006) suggest, be vulnerable
to interference over time. This is especially true for 1-day events, competitions, and campus visits
that lack continuous interaction between participants and STEM subjects (Krapp and Prenzel 2011).

5.2. Supporting sustained behaviour with cognitive-rational outreach experiences

To investigate how STEM outreach activities can support transforming participants’ situational inter-
est into more permanent individual interest, this study broadened the perspective by analysing the
nine outreach practices in relation to the cognitive-rational component of motivation, which, accord-
ing to Krapp (2005), is essential for supporting sustained behaviour.

In line with previous research (e.g. Henriksen, Dillon, and Pellegrini 2014; Innes et al. 2012), raising
awareness of engineering was identified as the most common outreach practice related to the cog-
nitive-rational component of motivation. The lack of awareness on the relevance of engineering has
been identified as a major challenge (Goodyer and Soysa 2017), and supporting this understanding
has been found to increase adolescents’ motivation to pursue STEM studies (Vennix, den Brok, and
Taconis 2017, 2018). As noted by Rosner et al. (2023), most university-led STEM outreach strategies
focus on explaining the engineering profession and reducing resistance to studying engineering. In
this study, correcting misunderstanding and fighting misconceptions were found to be particularly
crucial for adolescents who may lack access to information about engineering due to their demo-
graphic or geographic background. Correcting misunderstanding may contribute to adolescents’
perceptions of engineering, which have been found to persist after the outreach activity (Ozogul,
Miller, and Reisslein 2019).

Another way that the cognitive-rational component of motivation was manifested in the Nordic
STEM outreach practices was building knowledge by teaching STEM subjects. In contrast to the prac-
tices that focus on strengthening competence in STEM, which were deemed critical for adolescents
struggling to learn STEM subjects at school, building knowledge of STEM was considered essential
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for all participants. As noted by Ryan and Deci (2000), raising awareness of one’s ability to perform
successfully in an activity is important for sustaining related behaviours. Building knowledge as part
of Nordic STEM outreach activities aligns with the notion that learners’ expectations of success pro-
foundly influence their future choices and level of engagement in an activity (Eccles and Wigfield
2020; Niemiec and Ryan 2009).

6. Limitations and conclusion

This study marks a starting point for developing a framework to guide the design of successful uni-
versity-led STEM outreach activities. The findings highlight the significance of applying practices that
focus on both the affective-emotional and cognitive-rational components of motivation, rather than
designing activities with a limited focus on either component. The present study identifies the nine
most common Nordic STEM outreach practices and their connections to these two components of
motivation. Given that the selected activities have been deemed successful in their respective
countries, it is highly likely that these nine practices contribute to their success. Moving forward,
the framework can serve as a valuable resource for universities seeking to motivate a wider range
of adolescents to study engineering by designing engaging STEM outreach activities and evaluating
their effectiveness.

The findings align with the conceptual framework developed by Rosner et al. (2023) on the
engagement strategies used in university-led STEM outreach activities targeted at upper secondary
school students. This study supplements the framework by identifying practices that can be con-
sidered representative of the engagement strategies for explaining engineering, reducing barriers
to studying engineering, and creating resonance with engineering identity. Furthermore, this
study links the practices to the components of motivation that contribute to the effectiveness of
STEM outreach activities among the participating adolescents.

To investigate the design of university-led outreach activities, the present study applied semi-
structured interviews with the organisers and managers of these activities. While the managers
are likely to possess an in-depth understanding of how the selected activities were designed,
their justification for the design in terms of increasing interest in STEM or motivating adolescents
to study engineering do not directly reflect the actual impact of the activity. It is possible, especially
in the case of nationwide umbrella organisations, that the managers are not fully aware of how the
intended design of the activities has been implemented locally. Additionally, it is also possible that
consulting other engineering education professionals could have resulted in partially different selec-
tion of STEM outreach activities, or that interviewing local organisers might have enriched the selec-
tion of outreach practices identified in this study.

Since the data were collected before the Covid-19 pandemic, some of the in-person outreach
practices may have been modified or even paused after the country-specific restrictions were
implemented. During the pandemic, many STEM outreach activities adopted virtual and hybrid prac-
tices to enable participation without in-person interaction (Ufnar, Shepherd, and Chester 2021).
Recent post-pandemic studies have not indicated significant difference in effectiveness between
in-person and virtual delivery of STEM education (Barakat et al. 2021) or their impact on adolescents’
motivation to study STEM subjects (Dugandzi¢ et al. 2023). However, it is important to examine the
robustness of the STEM outreach practices identified in this study also in the post-pandemic era.

Further studies are needed to investigate the impact of outreach activities from the participants’
perspective. The framework of affective-emotional and cognitive-rational components of motivation
could be applied to examine participants’ feedback on the activities. Longitudinal research on ado-
lescents’ interest development could shed light on the conditions for transforming participants’
situational interest into more persistent individual interest in STEM subjects. Additionally, longitudi-
nal research would provide a more holistic perspective on the impact of both outreach activities and
other factors, such as the presence of role models in media and the mother’s level of education, on
adolescents’ motivation to study engineering.
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While this study establishes a foundation for a theoretical framework for developing STEM out-
reach activities and assessing their effectiveness, further research is needed to explore the frame-
work’s usefulness and applicability among outreach activity organisers as well as their
participating adolescents. Future studies should focus on evaluating the practical implications and
outcomes of implementing the framework in real-world settings, also beyond Nordic countries, to
contribute to the continuous improvement and refinement of STEM outreach activities.
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