A study on pupils’ motivation to pursue a STEM career
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Abstract—The industry is facing with the increasing lack of STEM graduates
every year. It is of vital importance to motivate pupils for technical schools or
schools in the STEM fields. This paper analyzes data from 693 pupils about their
interest in a STEM career as well as their attitude towards STEM in general.
Within this study, we also analyze the influence of the participation in robotics
workshops. The method is a quantitative survey with questionnaires. Results
show what mostly influenced the pupils to pursue a STEM career as well as the
influence of robotics on them. Finally, the paper presents three STEM-related
projects, which we also analyzed in regard to their impact on the pupils.
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1 Introduction

Most EU countries are facing a low number of students interested in the STEM
career [1]. Although, some economic projections forecast that demand for STEM-
skilled labour is expected to rise and there will be around 7 million job openings until
2025 in the European Union [2]. Austria, like many other EU countries, lacks students
interested in pursuing degrees in STEM fields [3, 4]. Already today, eight out of ten
industrial companies in Austria have problems to find qualified personnel in the fields
of engineering, production, research and development [5]. Based on the calculation of
the Federation of Austrian Industries, there is a shortage of around 1000 graduates in
the STEM fields every year, which results in about every 6™ job position unfilled [6].
Besides the increasing demand, an insufficient supply of graduates of vocational-
technical schools is regarded as one of the reasons for skills shortages [7]. Considering
the fact of several research studies pointing out that high school and early school grades
are critical times for motivating young people to pursue STEM careers [8, 9], it is of
vital importance to focus on their motivation at this stage. These facts are further
underlined with findings, which show that the pupil’s career interests when entering
high school is the strongest predictor of their career interest when leaving high school
[10]. Research findings also report that pupils in middle school have limited knowledge



about STEM careers, related to the subject requirements as well as kind of activities
these careers integrate [11].

Further studies also indicate that school science practices are constrained to
memorizing and replicating science content, and there is a need to redesign and reshape
science learning with the purpose of improving STEM learning [12]. To improve
perceptions about STEM, more awareness and direct contact opportunities are needed
to ensure pupils have enough knowledge to make informed career choices [13]. It is of
vital importance to investigate key factors such as family influences, teachers and
school curricula, or out-of-school activities that can motivate young people to target
STEM careers [14]. In this context, Guzey et al. developed the STEM career interest
survey for measuring STEM career interest, and Kier et al. focused additionally on the
evaluation of the effects of STEM programs on changes in the interest in STEM
subjects and careers [15, 16]. Several literature studies identified and addressed
different factors to be influential for motivating pupils towards STEM, such as parents,
teachers, and practical activities (laboratory, hands-on, experiments), out-of-schools
activities (e.g. open days, lectures at a university, workshops, summer camps), as well
as role models and mentoring programs [17, 18, 19, 20, 21]. Studies show that on the
one hand, parental involvement could be an influencing factor in their children’s career
path [22], but also role models, such as teachers, can significantly influence students in
pursuing STEM careers [23]. On the other hand, students tend to be more motivated if
they participated in STEM-related out-of-school activities such as after-school events,
field trips, summer camps, competitions or mentoring programs [24].

Moreover, research has also identified positive relationships between math club
participation and STEM major selection [25]. Besides, the results of several studies
point out that self-efficacy along with knowledge of STEM careers are essential factors
in whether or not young people are going to pursue a STEM career [26]. Considering
that there has been only limited research regarding the influence of robotics, the focus
of this paper will be to investigate how the participation at robotics programs as well
as robotics attitude in general correlate to the interest in STEM and the motivation for
pursuing a STEM career. Moreover, the influence of out-of-school activities will also
be investigated. Finally, the study will present as good practices the results of three
STEM-related projects to increase the interest in a STEM career.

The paper is structured as follows: The following section briefly introduces the
method of the study. Section 3 gives an analyses of a few key factors for pursuing
STEM careers. Section 4 presents evaluation results from three STEM-related projects.
Finally, a conclusion is given in Section 5.

2 Method

The online survey consisted of 50 questions grouped in four categories of variables:
(A) pupil demographics, (B) family context, (C) participation in STEM-related
activities outside school, and (D) pupils’ science and learning preferences. The
approach was focused on understanding different factors that have an influence on the
decision to attend a technical high school. In this context, we analyzed the impact of
some out-of-school activities on the attitude towards a STEM career. Our main focus



was to investigate if possible contact with educational robotics had some influence on
the later career pipeline. In order to get a broader overview of students preferences, we
also examined their attitude towards engineering and science within the frame of three
different projects.

Each of this factor was encompassed with a different set of questions. Considering
an inscription to a technical high school as one of the first steps in a STEM career, we
formulated several questions that cover the reasons to make such a choice. The
questions should evaluate the influence of the family, peer group and robotic
workshops. Furthermore, we asked about the influence of some other STEM-related
school activities such as Open Days, School Visit Programs or Career Days, which
support the young people with relevant information about STEM careers and STEM
activities. In order to evaluate the learning style favoured by the pupils when attending
a technical high school, we investigated their preferred learning and teaching methods.
The final set of questions was dedicated to review the pupils’ intentions related to their
future career. This part of the survey was done with 249 pupils from three technical
high schools in Vienna, Austria, carried out in the frame of the project iBridge (see also
Section 4.2). In order to analyze the attitude towards engineering and science by young
people in general, we performed an online survey within the frame of the European
Researchers’ Night (see Section 4.1) with 271 technical high school pupils. Besides,
173 pupils filled out questionnaires in the frame of the STEM-related project
Makers@School (see Section 4.3). Overall, answers of 693 students were analyzed
regarding the likelihood to pursue a STEM career.

3 The key factors for pursuing a STEM career

This part of the study contains the results from analyzing the answers from 249
pupils of the three technical high schools. The age group range is from 14 to 22 years.
Almost 27,4% of these pupils had migration backgrounds speaking a total of 30
different native languages. As can be seen in Figure 1, most of the pupils attended an
Academic Secondary School Lower Cycle (AHS: 58%) or a New Secondary School
(NMS: 34%) before attending the technical high school.
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Fig. 1: The school attended before the technical high school [%]



Regarding the reason for pursuing a STEM Career, we analyzed the following
statements: “I get support from my parents to register to the school”, “I must persuade
my parents to register to the school”, “My choice for the technical high school was
because of my friends”, and “My choice for the technical high school was due to a
robotic workshop”. The pupils answered to the statements with a 5-Likert-scale with 1
representing “strongly agree” and 5 representing “strongly disagree”. A significant
result of the test group is that the students were supported by their parents (mean=1,74;
SD=1,245) and did not have to persuade their parents to choose a technical high school
(mean=4,33; SD=1,281). The other significant result is that the students did not choose
their STEM career because of their friends (mean=4,02; SD=1,425).

Nevertheless, the analysis shows that 21 (8,5%) of the pupils said that they chose a
technical high school because of the participation in a robotic workshop by selecting
“strongly agree” or “agree” as answer to the statement “My choice for the technical
high school was a robotic workshops”. Our next step was to compare the results
between a group A, which chose the STEM career because of a robotic workshop, and
a group B, which did not chose the STEM career because of a robotic workshop. The
results are seen in Table 1.

Groups Group A Group B
Statements Mean SD Mean SD

I get support from my parents 2,57 1,748 1,65 1,158
I must persuade my parents 2,62 1,884 4,57 0,992

Table 1: Comparison between group A and B

The comparison of the two tables shows that group A had to persuade their parents
more than group B. Respectively, group B got more support from their parents than
group A. It seems that the participants of a robotic workshop confronted their parents
to get a chance for pursuing a STEM career. This result is very significant and has to
be analyzed with a larger example. But already these results with small numbers show
that robotic workshops can influence pupils and encourage them to pursue a STEM
career, although this is sometimes not in the main focus of their parents.

The impact of STEM-related school activities were analyzed through multiple-
choice-questions. Twenty pupils (24%) visited the high schools in the frame of a School
Visit Program, where classes from lower grade schools get a tour to a high school for
obtaining information about its offers. However, it is significant that 82 pupils (42,1%)
visited the school as a guest before they officially registered to this school. From this
number, 72 pupils visited the school during an Open Day activity, during which the
young people have the opportunity to visit the school privately with parents or friends.
On such an Open Day, the guests are guided through the school and can visit the
laboratories, classrooms and workshop rooms as well as get information about study
topics and curricula.

We also analyzed the pupils’ learning habits and preferences. As presented in Figure
2, most of the high school pupils like to do research and showed interest to understand
technical things. However, it is interesting that 53% of them “strongly agree” or “agree”
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to learn rather alone than learn with others, Moreover, 58 % “strongly agree” and 25 %
“agree” to choose how to learn on their own.

m Strongly Agree ®mAgree M Neither MDisagree M Strongly Disagree

I LEARN BEST WITH OTHERS. [RG3 25 28 21 11
I AM GOOD IN SOLVING TECHNICAL
PROBLEMS. 30 31 30 8
I SOLVE PROBLEMS WITH OTHER. 30 26 12 B

I LEARN BEST ALONE. 28 14 6
I WANT TO CHOOSE FOR MYSELF
HOW TO LEARN. 26 834
I WILL UNDERSTAND TECHNICAL T se |
THINGS. 56 25 12 34

I LIKE RESEARCHING. 33 34 18 11 5
Fig. 2: Learning habits and preferences of the pupils

4 Best Practice Examples

Within this section, evaluation results are shown how the participation in three
different STEM-related projects influence the pupils’ motivation to pursue a STEM
career.

4.1 European Researchers Night

The European Researchers’ Night! is a mega-event that takes place every year at the
same time in many European cities. The main aim of the event is to give every citizen
the opportunity to actively participate in science. The focus of the event held in Vienna
was to motivate and inspire youth to enhance youth’s understanding of science and
research and encourage them to pursue a career in the STEM fields by connecting them
with outstanding scientists and innovations. Within the frame of the online survey, we
interviewed 271 pupils of the technical high school TGM in Vienna about their career
interests and the impressions about the event. Prior to the their participation, 22,9%
were not interested, 59% had some interest and 18,1% had a lot of interest in having a
career or job in a scientific field. After having participated at the event over 25,8% of
the pupils responded that their interest in studying science and becoming scientists

! https://scidall.eu/



increased. However, further 70,1% stated that their interest stayed the same and 4,1%
even said that interest in the STEM career declined.

B Strongly Disagree M Disagree Not Sure M®Agree M Strongly Agree

RESEARCH HELPS IN EVERYDAY
LIFE
I WOULD PREFER TO DO
EXPERIMENTS THAN TO READ...
WE SHOULD HAVE MORE SCIENCE
LESSONS IN SCHOOLS

I WOULD LIKE A JOB THAT
INVOLVES USING SCIENCE 11 19

45 35

34 42

CHEINE

36 40

SCIENCE IS INTERESTING 55 23

Fig. 3: Opinion about science [%]

Besides, 62,4% reported to know more about the work of the scientists than before.
Further 19,6% improved their opinion about scientists, while 62,4% already had a clear
picture. In Figure 3, we summarized their interest and opinion about science in general,
where 76% agree with having more science lessons in schools and 78% pupils think
that science is interesting. However, only 26% are interested on a career that involves
science. It is also interesting that 80% pupils agree that research helps in everyday life.
Regarding their interest in participating in future similar events, 42,8% responded that
they are very interested and further 48% are somewhat interested.

Asked about their future career more than 35% stated that they are going to search a
job after they finish the school, additional to another 33% that still do not know what
they are going to do later. 32% of respondents clearly specified that they intend to study
after the school. 35% of those that are going to study will probably study STEM, 20%
are going to study law, languages, economy or psychology and further 45% are still
undetermined with what they are going to study.

4.2  Project iBridge

Robotics in education has emerged as a superb tool to learn about STEM enabling
pupils to use their individual interests, perspectives and skills to work on
interdisciplinary projects [27, 28]. The combination of project-based learning and
educational robotics to solve real world challenges can have an impact on the
development of pupils’ interest in STEM but also on their communication and
collaboration skills [29]. In the project iBridge?, we combine project-based learning
with the application of robotics focusing to improve student skills and their interest in
STEM by engaging the students in solving real-world challenges. On the one hand, the

2 https://www .sparklingscience.at/en/projects/show.htm]?--typo3 neos_nodetypes-
page%5Bid%5D=1263



project intends to get young people involved in the field of assistive technologies for
senior citizens. On the other hand, the students are also concerned with the development
of robots for children. In both cases the students have to face the issues that concrete
user groups (adults or children respectively) have with technology usage and address
their needs, considering their abilities and desires.

B Strongly Agree Agree ®Neither M Disagree B Strongly Disagree

ROBOTIC IS MORE THAN JUST
TECHNIC.

I WISH MORE EXERCISES WITH THE
TOPIC OF ROBOTIC

ROBOTIC WILL GET MORE

IMPORTANCE 4 14 9 10

ROBOTS CAN BE A PART OF MY

) 20 8 11

22 26 15 18

LIFE 31 20 11 7
I EMPOWERING ROBOTS 4 14 5 9
ROBOTS CAN HELP ELDERY PEOPLE 5 16 9 6

Iw
S ) o

Fig. 4: Impact of robotic on pupils [%]

In this context, the pupils have to reflect what functionality a robot or assistive
technology has to offer and how it should look like, behave and interact in order to be
well accepted by the users. Considering that the challenges are broad enough and offer
many different ways to respond to, the pupils have a chance to practice their creativity
to develop a possible solution [29, 30]. Within the current stage of the project, the pupils
developed different assistive technologies, e.g. “Yeet Bot”, which is a training robot kit
for children. Further technologies were developed for elderly people to provide
technical support, such as an “unconscious recognition” system, an emergency bracelet,
a sensitive cuddly toy denoted as “Paul”, and an intelligent medicine box. Within the
frame of this project, we asked 249 pupils about their position towards robotics. As
presented in Figure 4, the pupils answered quite positively, stating that they would like
to have more contact with it and that they are open to robotics issues in general. They
also showed an understanding for the importance of robotics and advantages that it can
make in real life, including also the help for elderly people.

4.3  Makers@School

Robotic workshops for pupils can increase their interest in STEM from an early age.
The Makers@School? project aims to communicate a better understanding of the
maker-movement and to increase the interest in STEM topics. The project involves a

3 https://pria.at/education/makersschool/



series of workshops for primary and middle school classes as important period in
education to introduce pupils in STEM fields. These workshops involve topics such as
product development, 3D-printing and robotics. The hands-on activities of the
workshops shall encourage the pupils to actively use the provided technologies and to
choose a STEM Career. Results of the questionnaire with 173 pupils and administered
at the end of the workshops are shown in Figure 5.

HYes HNo

I LIKE ENGINEERING
I LIKE SCIENCE

I LIKE MATHS 89 11
I LIKE USING COMPUTERS
1 am Now MoRE INTERESTED ... | NI
1 amMm Now MoRE INTERESTED IN ... [ INENGIEE

I WOULD LIKE TO TRY TO SOLVE.. 87 13

Fig 5: Impact of robotic on pupils [%]

The number of pupils who liked math increased to 89%, and the proportion who liked
science to 77%, showing an increase in interest following the workshops. Nearly all
pupils had a positive view of the engineering field after the workshops, and the
proportion of pupils who liked to use computers had increased markedly from before
the workshops to 87%. Almost half of the pupils were now more interested in studying
science, and 87% would like to participate again in such activities like the carried out
workshops. It can be concluded that the positive experience of workshops can indeed
foster a positive attitude towards STEM, which is one of the main aims of the project
Makers@School [31].

5 Conclusion

This study investigated several key factors that can motivate pupils to target STEM
careers. Besides, their attitude towards STEM was also analysed within this study.
Current results show that the impact of parents in choosing the STEM career is much
higher than expected and that possible measures in the future should also be oriented to
inform the parents about opportunities of STEM careers for their children. Moreover,
the students show a preference for having more robotics and science-related topics in
regular curricula. In this context, some results show that robotic activities can also
influence students to pursue a STEM career. Finally, results from three STEM-related



projects indicate that they can increase STEM interest to some extent. Future work will
focus on deeper analysis of the results involving larger number of students.

Acknowledgement

The authors acknowledge the financial support by the “Sparkling Science” program, an
initiative of the Austrian Federal Ministry of Education, Science and Research, under
grant agreement no. SPA 06/294, as well as from the Austrian Federal Ministry for
Transport, Innovation and Technology in the frame of the “Talente regional” program
under grant agreement no. FFG 860104

References

10.

11.

. Kearney, C. (2016). Efforts to Increase Students’ Interest in Pursuing Science, Technology,

Engineering and Mathematics Studies and Careers. National Measures taken by 30
Countries — 2015 Report, European Schoolnet, Brussels. 96 pp.

. Caprile M., Palmén R., Sanz P. Dente G., (2015). Encouraging STEM studies. Labour

Market Situation and Comparison of Practices Targeted at Young People in Different
Member States. European Parliament, EP http://www.europarl.europa.cu/RegData/etudes/
STUD/2015/542199/IPOL_STU(2015)542199 EN.pdf (accessed Februar 18, 2019).

. Andreitz, 1., Miiller, F. H., Kramer, D. & Krainer, K. (2013). Wer studiert Technik? Eine

Befragung osterreichischer SchiilerInnen und Studierender. Wissenschaftliche Beitrdge aus
dem Institut fiir Unterrichts- und Schulentwicklung Nr. 7. Klagenfurt:

. Joyce, A. (2014). Stimulating interest in STEM careers among students in Europe:

supporting career choice and giving a more realistic view of STEM at work. 3rd Education
and Employers Taskforce Research Conference, London

. Industriellenvereinigung, "ZAHLEN, DATEN & FAKTEN Arbeitsmarkt und

Karrierechancen in Mathematik, Informatik, Naturwissenschaften und Technik", 2013

. Hauer M. (2016): Herausforderung MINT — Daten & Fakten, ACADEMIA SUPERIOR,

https://www.academia-superior.at/wp-content/uploads/2018/04/Dossier-Herausforderung-
MINT Daten-Fakten 2016.pdf (accessed April 5, 2019).

. https://skillspanorama.cedefop.europa.eu/en/analytical highlights/austria-mismatch-

priority-occupations# edn2 (accessed March 14, 2019).

. Sahin A, Ekmekci A, Waxman HC:The relationships among high school STEM learning

experiences, expectations, and mathematics and science efficacy and the likelihood of
majoring in STEM in college, International Journal of Science Education 39 (11), 1549-
1572,2017

. Wang, X. (2013). Why students choose STEM majors: Motivation, high school learning,

and postsecondary context of support. American Educational Research Journal, 50(5),
1081-1121.

Sadler, PM, Sonnert, G, Hazari, Z, Tai, R. (2012). Stability and volatility of STEM career
interest in high school: a gender study. Science Education , 96(3), 411 —427.

Blotnicky KA, Franz-Odendaal, T, French F, Joy P (2018) A study of the correlation
between STEM career knowledge, mathematics self-efficacy, career interests, and career
activities on the likelihood of pursuing a STEM career among middle school students,
International journal of STEM education 5 (1), 22,



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ayar, MC, & Yalvac, B. (2016). Lessons learned: authenticity, interdisciplinarity, and
mentoring for STEM learning environments. International Journal of Education in
Mathematics, Science and Technology, 4(1), 30—43.

Compeau, S. (2016). The calling of an engineer: High school students’perceptions of
engineering. Master Thesis, Queen’s University Kingston, Ontario, Canada ( 2015)
Christensen, R., Knezek, G., & Tyler-Wood, T. (2015). Alignment of hands-on STEM
engagement activities with positive STEM dispositions in secondary school students.
Journal of Science Education and Technology, 24(6), 898-909.

Guzey SS, Harwell M, Moore T. (2014) Development of an instrument to assess attitudes
toward Science, Technology, Engineering, and Mathematics (STEM). Sch Sci Math.;114:
271-279.

Kier, M. W., Blanchard, M. R., Osborne, J. W., & Albert, J. L. (2014). The Development of
the STEM Career Interest Survey (STEM-CIS). Research in Science Education, 44(3), 461—
481.

Brzozowy M, Hotownicka K, Bzdak J, P Tornese, F Lupiafiez-Villanueva (2017) Making
STEM Education attractive for young people by presenting key scientific challenges and
their impact on our life and career perspectives, 11th annual International Technology,
Education and Development Conference.

Baran, E., Canbazoglu Bilici, S., Mesutoglu, C. & Ocak, C. (2016). Moving STEM beyond
schools: Students’ perceptions about an out-of-school STEM education program.
International Journal of Education in Mathematics, Science and Technology, 4(1), 9-19.
Nugent G., Barker B., Welch G., Grandgenett N., Wu C. & Nelson C. (2015): A Model of
Factors Contributing to STEM Learning and Career Orientation, International Journal of
Science Education, DOI: 10.1080/09500693.2015.1017863

Shin, J. E. L., Levy, S. R., and London, B. (2016). Effects of role model exposure on STEM
and non-STEM student engagement. J. Appl. Soc. Psychol. 46, 410-427.

Sithole A, Chiyaka ET, McCarthy P, Mupinga DM, Bucklein BK, Kibirige J (2017), Student
Attraction, Persistence and Retention in STEM Programs: Successes and Continuing
Challenges. Higher Education Studies 7 (1), 46-59,

Brasier, T. G. (2008). The effects of parental involvement on students’ eighth and tenth
grade college aspirations: A comparative analysis (Unpublished doctoral dissertation).
North Carolina State University, Raleigh, NC.

IET (2008) Studying STEM: What are the Barriers? A Literature Review of the Choices
Students make. Stevenage: The Institution of Engineering and Technology

Young, J. R., Ortiz, N., Young, J. L. (2017). STEMulating interest: A meta-analysis of the
effects of out-of-school time on student STEM interest. International Journal of Education
in Mathematics, Science and Technology, 5(1), 62-74.

Gottfried, M. A., & Williams, D. (2013). STEM club participation and STEM schooling
outcomes. Education Policy Analysis Archives, 21(79), 1-27

Karen A. Blotnicky, Tamara Franz-Odendaal, Frederick French and Phillip Joy, A study of
the correlation between STEM career knowledge, mathematics self-efficacy, career
interests, and career activities on the likelihood of pursuing a STEM career among middle
school students, International Journal of STEM Education, 5, 1, (2018).

Yuen TT, Boecking M, Stone J, Tiger EP, Gomez A, Guillen A et al (2014) Group tasks,
activities, dynamics, and interactions in collaborative robotics projects with elementary and
middle school children. ] STEM Educ Innov Res 15(1):39-45

Lepuschitz W., Koppensteiner G. Merdan M., “Offering Multiple Entry-Points into STEM
for Young People.” in Robotics in Education - Research and Practices for Robotics in STEM
Education, Advances in Intelligent Systems and Computing, Springer, 2016



29. Jaggle G., Merdan M., Koppensteiner G., Brein C., Wallisch B., Marakovits P., Brunn M.,
Lepuschitz W., Vincze M., “Project-based learning focused on cross-generational
challenges.” in Robotics in Education, Advances in Intelligent Systems and Computing,
Springer, 2019

30. Jaggle G., Vincze M., Weiss A.,Koppensteiner G., Lepuschitz W., Merdan M., (2018a)
iBridge - Participative Cross-Generational Approach with Educational Robotics.- in:
“Robotics in Education” Volume 457 of the series Advances in Intelligent Systems and
Computing, S. 263 — 274

31. Jaggle G., W Lepuschitz., Girvan C., Schuster L., Ayatollahi I. and Vincze M., (2018b)
"Overview and Evaluation of a Workshop Series for Fostering the Interest in
Entrepreneurship and STEM," 2018 IEEE 10th International Conference on Engineering
Education (ICEED), Kuala Lumpur, Malaysia, 2018, pp. 89-94.



