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ABSTRACT 

The low number of students studying science, technology, engineering, and 

mathematics (STEM) has been a cause for concern for the past decades in the 

Western countries. Furthermore, the student body in STEM has narrowed since the 

number of female students in STEM fields decreases despite outreach activities. In 

order for the society to have enough appropriately educated work force, STEM 

attractiveness and increasing it is the focus of this concept paper. 

Although the lack of interest in STEM studies has been analyzed widely, we still have 

not been able to attract more (female) adolescents in STEM fields. Furthermore, 

previous research has shed light on the variety of STEM outreach activities, but the 

effects of these activities are not definitive. These concerns are common also in the 

Nordic countries, which has led to establishing an Erasmus+ Strategic Partnerships 

project ‘Engineering Nordic Future’ in 2018. One of the focus areas of the project 

pertains to the ways of attracting adolescents into STEM studies. 

As part of this project, the present literature review identifies the key features that 

contribute to the effectiveness of STEM outreach activities. The analysis focuses on 

K-12 activities targeted for (female)2 adolescents. The resulting model provides criteria 

for improving the effectiveness of current STEM outreach activities. The criteria may 

be applied to evaluate the impact of university-led STEM outreach activities and to 

guide related decision-making.  

 
1J. Suviniitty 
jaana.suviniitty@aalto.fi 
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1 INTRODUCTION 

As we are currently in the midst of the fourth industrial revolution, which entails 

digitalization, the Internet of Things, smart factories, and other advanced technological 

processes and entities, our demand for expertise in those areas is ever increasing. 

Despite this, it appears that students are less attracted to science, technology, 

engineering, and mathematics (STEM) related majors in tertiary education. 

Furthermore, especially in the Nordic countries, the number of female students has 

decreased notably [1]. 

The careers within STEM majors are quite varied [1] - [2], but the number of students 

entering STEM studies is stagnating [1]. Although the situation may have slightly 

improved from a few years back, we still are not producing enough engineers for the 

needs of the industry [3]. This gap between the graduating engineers and the required 

expertise has been predicted to be increasing due to the fourth industrial revolution 

we are experiencing [4].  

This concept paper is part of the research conducted by a 2018 established Nordic 

initiative3 related to, among other topics, STEM education and its attractiveness. This 

initiative comprises a consortium with all Nordic countries as participants. The partners 

at the consortium are the Royal Institute of Technology in Stockholm (KTH) in Sweden, 

Aalborg University in Denmark, Aalto University in Finland, Reykjavik University in 

Iceland, Stavanger University in Norway, as well as the Association of Nordic 

Engineers (ANE), and NORDTEK (a network of the Rectors and Deans of the 

Technical Universities in the Nordic and Baltic countries). Focusing on the Nordic 

countries and their STEM education provides a novel view on this issue while the 

general aim is to construct an online knowledge hub with the latest information 

regarding STEM education, teaching, and other related issues. Despite the Nordic 

view, the aim is to gather STEM education knowledge and conduct studies the results 

of which may be of global use. 

Since the decreasing interest in STEM subjects touches all Nordic countries (actually 

most Western countries), is was deemed essential to form a consortium and use the 

power of a team to investigate how STEM could be made more attractive and how that 

information would be disseminated most effectively [5]. Despite many efforts in 

changing this declining trend of STEM studies, according to Vækstråd [6], these efforts 

are not enough in order to meet the requirement of qualified staff in 2025, not to 

mention beyond that. 

For all Nordic countries, except Finland, TIMMS [7] and PISA [8] results have caused 

serious concerns regarding young people’s performances in science and technology 

subjects. Despite the fairly good results for Finland [7, 8], they also have declined from 

the past results. According to some studies (e.g. [9, 10, 11]), poor performance often 

correlates to low interest for a field, and the fact that our students’ performance is 

decreasing is a cause for concern. In addition to this, a recent study on how higher 
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gender equality, such as present in the Nordic countries, correlates with fewer women 

choosing STEM fields [12]. Naturally, we do not aim at inequality, but need to find 

other ways to increase STEM interest in adolescents and females. One of the goals 

of this Nordic initiative is to present concrete strategies on how to increase the 

performance and interest in STEM as well as how to enhance the interplay between 

upper secondary level and university level in order to increase the quantity of young 

people seeking a career in science and technology. 

Although all Nordic countries have several outreach initiatives and programs to 

enhance the attractiveness of STEM education, see, e.g. [13]-[15], it is still not clear 

what factors are crucial to achieve positive, measurable, long term effects of these 

types of activities. The aim of this subproject is to focus on the importance of well-

organized and inspiring STEM outreach activities at upper secondary level and how 

the Nordic countries have succeeded in correlating STEM at the upper secondary level 

with engineering education and vice versa. 

Since STEM subjects and their studying is essential for our future within Industry 4.0, 

the attractiveness of STEM has been explored already for decades. These studies 

have looked at, for example, outreach activities and their influence [16], gender bias 

among STEM [17], parents’ level of education [18], pre-university engineering 

education [19], the transition from secondary education to tertiary education [20], and 

finally even peer influence on academic involvement [21], to name just some of the 

approaches to this important topic. Building on previous studies on STEM outreach 

activities, this study aims to identify which elements contribute in the effectiveness of 

STEM outreach activities, i.e. where’s the “beef” in these activities. 

2 PREVIOUS STUDIES ON STEM OUTREACH 

Although the outreach initiatives have been studied to great lengths, the exact impact 

of any such program defies measuring. We can use pre- and post-tests to collect 

varying data and we can obtain information on participants attending the offered 

activities. The influence of outreach activities is only one piece in an adolescent’s life 

where teachers, peers, and home also impact on the path adolescents choose after 

secondary level [22]. Qualitative studies on outreach activities would require quite 

notable efforts and the survey questions/interviews would have to be thoroughly 

planned in order to obtain the appropriate information on these activities and the views 

of the participants on them. 

Being attracted to STEM studies requires interest, which is a spark to (internal) 

motivation and both motivation and interest are necessary to accomplish just about 

anything [23]. Therefore, finding ways to increase interest in STEM studies should in 

turn motivate students to pursue studies and careers in STEM fields. The present 

paper is an initial study on STEM outreach initiatives and it aims to identify elements 

in outreach initiatives that can be seen as those increasing the attractiveness of STEM.  



3 METHODOLOGY 

To identify the elements that constitute the effectiveness of STEM outreach activities, 

a literature review of 37 articles was conducted. The studies included in the analysis 

had to include a clear evaluation of the impact of the activities, i.e., a descriptive study 

was not enough. Furthermore, studies solely focusing on theory development or 

different measuring approaches were not included either. Although valuable and 

informative, also conference proceedings were excluded from the analysis. The 

excluded 21 studies are provided in Appendix 1. 

A total of 16 empirical studies with a focus on the impact of STEM outreach activities 

targeted to K-12 were selected for the analysis. In these studies, the overall objective 

of increasing students’ interest to study engineering was operationalized into one or 

more elements of effectiveness. The studies were published between 2001–2018 in 

the following scientific journals: Journal of Engineering Education (5 articles), Global 

Journal of Engineering Education (2 articles), European Journal of Engineering 

Education, Studies in Higher Education, Journal of Higher Education Outreach and 

Engagement, International Journal for Service Learning in Engineering, Humanitarian 

Engineering and Social Entrepreneurship, CBE-Life Sciences Education, Journal of 

Science Education and Technology, International Journal of Science and Mathematics 

Education, and IEEE Transactions on Education. The included 16 studies are provided 

in Appendix 2. 

Inductive content analysis (see e.g. [24]) was applied to summarise the informational 

content of the descriptions related to evaluating the impact of STEM outreach activities 

on students. The descriptions were categorised according to thematic similarity. The 

analysis was limited to the empirical part of each study, thus excluding discussion and 

conclusions from the analysis. Elements that were related to some other target groups 

than the participating students, such as the facilitators or teachers involved, were 

excluded from the analysis. The analysis resulted in altogether 17 elements that have 

been applied in previous empirical studies to evaluate the effectiveness of STEM 

outreach activities. 

4 THE IMPACT ELEMENTS 

Out of the total of 17 elements that constitute the impact of STEM outreach activities 

in previous empirical studies, nine were related to the outcomes and eight were related 

to the design of the activity. Outcomes referred to the intended and achieved results 

of the activity, such as learning. Design referred to how the activity was organized, 

including the teachers, facilities, activities, and equipment. Out of the total of 16 

empirical studies included in the analysis, 14 focused on evaluating the outcomes and 

six focused on evaluating the design. 

4.1 Evaluating effectiveness from the perspective of outcomes 

In most of these studies, developing understanding of STEM subjects was the main 

and often the only indicator of effectiveness. Learning of STEM resulting from 



participation in the outreach activity was typically seen as a way of encouraging the 

students to continue studying these topics. Developing understanding is also relatively 

easy to measure in relation to the intended learning outcomes. It may also be 

evaluated by measuring students’ performance in STEM during or after the outreach 

activity.  

Enhanced understanding of and performance in STEM does not automatically improve 

students’ understanding of their own capability to perform STEM-related tasks. 

Consequently, evaluation of understanding and performance was often accompanied 

with of measures of STEM self-efficacy. In addition to self-efficacy, evaluating the 

effectiveness of outreach activities was focused on improving students’ attitude 

towards STEM, which is often seen as connected with motivation to study engineering.  

Understanding the relevance of STEM was applied as a criterion of effectiveness in 

reference to both personal relevance and working life relevance. The relevance 

stemmed from understanding the possibilities of applying engineering to, for example, 

develop meaningful career paths and tackle personally meaningful challenges. It was 

also seen to require knowledge of engineering work, including career opportunities 

and different fields of engineering.  

While students’ knowledge of engineering work may be rather easy to measure, 

evaluating their enrollment in engineering studies after participating in STEM outreach 

activities often required a longitudinal approach. Further, tracking down the 

participants’ subsequent engagement in STEM, such as their participation in additional 

extracurricular science programs, was deemed challenging. Thus, some studies 

focused on measuring the participants’ aspirations, such as their aspiration in pursuing 

a career in engineering, instead of their actual study choices. To avoid regression of 

these aspirations over time, the participants should be exposed to several STEM 

outreach activities during their studies. 

4.2 Evaluating effectiveness from the perspective of design 

In the design of the activity, some of the studies were focusing on innovative learning 

experiences. These experiences involved student activating hands on learning, 

exposure to advanced laboratory techniques, participation in hands-on laboratory 

investigations, clear instructions, informal demonstrations, and overall ‘good teaching’. 

In addition to high quality teaching, the studies emphasized the importance of 

interesting and authentic tasks. In deciding which topics would be interesting for the 

students to work with, a real-world connection and personal relevance were 

highlighted. While enjoyment and positive atmosphere were explicitly evaluated in two 

studies only, experiencing innovative learning with authentic tasks was often implicitly 

aimed at making learning of STEM enjoyable. 

When evaluating the effectiveness of STEM outreach activities from the perspective 

of their design, innovative learning experiences and authentic tasks were often 

accompanied with open problem-solving. Working autonomously with complex 



challenges exposed the participant to dealing with uncertainty and applying an inquiry 

approach to learning. On the other hand, some studies emphasized the role of teacher 

support. This category included teacher-student interaction, friendliness of teachers 

and teaching assistants as well as their availability, knowledgeability and credibility as 

engineers and scientists.  

While teacher support was deemed important, peer support and learning from other 

students and tutors during the process were also evaluated. Peer support could have 

been critical especially for those student groups, such as young female students, who 

are often marginalized in the context of STEM studies. For these students, the 

acceptance of peers could be even more important than the support coming from their 

teachers. 

In addition to the learning process, some studies evaluated STEM outreach activities 

on how well they provided information on STEM careers. Receiving information on 

career prospects in STEM fields was deemed important for increasing the experienced 

meaningfulness and usefulness of these studies beyond the immediate course 

context. This category also involved sharing information on the work of engineers and 

scientists, engineers’ role as problem solvers, and the impact of engineers in the world. 

Sharing this information could contribute in fighting stereotypes and misconceptions 

related to these fields. This category involved diminishing the perceived psychological 

and social costs of engaging with STEM, such as being stigmatized as a ‘nerd’ or a 

‘geek’, and promoting alignment of STEM activities with participants’ identity. 

The resulting categorization of elements that constitute the effectiveness of STEM 

outreach activities is presented in Table 1 below. 

Table 1. Elements that constitute the effectiveness of STEM outreach activities 

Focus on the outcome Focus on the design 

- Learning of STEM [16, 32, 33, 
34, 35, 36]  

- Aspiration in pursuing a career in 
engineering [32, 33, 34, 36, 37] 

- Understanding the relevance of 
STEM [16, 25, 26, 28] 

- Knowledge of engineering work 
[28, 32, 36, 38] 

- Performance in STEM [32, 37, 
39, 40] 

- Enrollment in engineering studies 
[16, 33, 41] 

- STEM self-efficacy [25, 31, 42] 
- Attitude towards STEM [32, 33, 

38] 
- Engagement in STEM [28, 37] 

- Innovative learning experiences 
[25, 26, 28, 41] 

- Interesting and authentic tasks 
[25, 26, 28, 37] 

- Open problem-solving [26, 28, 
31]  

- Teacher support [25, 26, 27, 41] 
- Information on STEM careers 

[25, 31] 
- Fighting stereotypes and 

misconceptions [25, 31] 
- Enjoyment [25, 41] 
- Peer support [26, 27] 



As expected, some of the elements are present in the same outreach activities (e.g. 

[26, 28]) while others are more focused (e.g. [36, 37, and 41]).  

5 DISCUSSION 

Majority of the outreach activity studies tend to focus on the outcomes rather than on 

the design of the activities, which has its benefits as the activities often provide 

information on STEM careers and opportunities while measuring interest in them. 

Nevertheless, focus on the design aspect would provide teachers and facilitators ideas 

on efficient ways of organizing various events as well as on what has/has not been 

tried previously.  

The results gathered from the literature included in this study, form an image of 

multifaceted impact on STEM attractiveness. However, influencing on only one aspect 

of adolescent lives may not have a desired impact, i.e. more STEM students. At the 

moment, those students who apply to study STEM subjects, would probably do so 

despite any outreach activities, parental involvement, or their peers. However, much 

potential is left untapped if those students whose motivation or interest could be ignited 

are ignored. 

Similar to understanding and learning, the impact of outreach activities is a challenge 

to measure. It was evident from the studied publications, which were not able to 

definitively state which elements brought success in increasing STEM attractiveness 

– at least in terms of adolescents applying to study STEM subjects. Despite the 

scrutiny of outreach activities, it proves difficult to distinguish those specific activities 

that genuinely increase student interest for a longer period of time.  

Despite the challenging task, the main elements found throughout the articles on 

STEM outreach activities include authentic, hands-on, real world connection, 

involvement, and autonomous problem solving in the design end of the activities while 

in the outcome end interest, motivation, attitude, and understanding are most 

pronounced. 

This literature review outlines a framework of outreach activities and their evaluations 
and, hence, provides the elements necessary for a successful outreach initiative. As 
is evident from Table 1, many of the studies focus on similar outcomes and elements. 
Despite this, differences between the activities and their aims are evident.  

These categorizations indicate how, although looking at similar programmes and 

activities, there still are notable differences in them. This may be one of the reasons 

why we still do not have the exact answer to what works in an outreach activity and 

how we could guarantee positive results. When studying human behavior, their 

aspirations and development, so many elements are involved that pinpointing to one 

particular one as the influencer would be quite foolish. 

Defining the elements influencing STEM attractiveness is not an easy task. 

Nevertheless, it is an important one and, as the number of students applying to study 

STEM subjects at tertiary level continues to decline in the Western countries, we need 

to find the “beef” on how to attract more (female) students to study STEM subjects. 



Most outreach activity studies focus on the outcomes of the outreach initiative and the 

most typical study includes pre and post-tests of some sort, naturally collected before 

and after the organized event or activities. 

Impact studies are rare and it is also rare to find an article in any of the higher ranking 

journals. Potentially these two facts are related and if so, the situation begs for a 

change. Our societies rely on adequately educated people with further technological 

advances waiting to appear when we least expect it. We do not want the industry to 

be handicapped due to missing qualified personnel. If the future engineers are to save 

the world, the engineering educators are responsible for attracting enough students in 

order to educate them to do so. 
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