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Abstract

Background Extracurricular science, technology, engineering, and mathematics (STEM) programmes are very
popular and are actively used by teachers and students. Studies evaluating these initiatives show positive effects
on cognitive, affective, and motivational student traits, which in turn can influence career choices in STEM. Based
on attendance at such programmes, specifically school labs, we measured students’learning gain, the enjoyment
experienced during attendance, the change in interest and self-efficacy beliefs in STEM, and how these factors
related to STEM career intentions. To this end, 2605 students who had attended a school lab in Switzerland or in the
Principality of Liechtenstein were surveyed with a questionnaire.

Results Based on a structural equation model, it could be shown that learning gains and enjoyment of the visit
correlated strongly. Furthermore, in the model these two variables did not have a direct effect on STEM career
intentions, but an indirect one via the change in self-efficacy beliefs. This shift in beliefs related strongly to STEM
career intentions as well as the development in interest in STEM, which was also highly associated with STEM career
intentions.

Conclusions Overall, we could demonstrate the importance of four direct and indirect factors resulting from
attending a school lab that are important influences on the fostering of students' STEM career intentions.

Keywords Usage analysis, Extracurricular STEM programmes, School labs, STEM career intentions, Structural equation

model
Introduction
Over the past 25 years, numerous extracurricular sci-
ence, technology, engineering, and mathematics (STEM)
programmes like Experio Roche in Switzerland, Johannes
Kepler University Linz (JKU) Open Lab in Austria, and
the DLR_School_Lab Berlin in Germany have been initi-
ated in German-speaking countries. Experio Roche offers
*Correspondence: various workshops in the fields of computer science,
Eaahhjllsscﬂ:nr?(;d@phsg'ch technology, and natural sciences, such as programming
'Institute for Science Teacher Education, StGallen University of Teacher Lego robots or chemical syntheses. These take place in
Education, StGallen, Switzerland its school laboratory (school lab), which is located at the
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Open Lab on the campus of the Johannes Kepler Uni-
versity Linz focuses on chemistry and deals with related
topics. Additionally, at DLR_School_Lab Berlin, fascinat-
ing experiments are carried out in the fields of aviation,
space, energy, transport, and digitalization (LernortLabor
& IPN Kiel, 2023). These are only three examples from
German-speaking countries.

There are various reasons why extracurricular STEM
programmes have been introduced. At the turn of the
century, science teachers in many countries expressed
concern that science education in schools was often out-
dated and boring, and that it did not teach the skills and
ways of thinking that students needed to engage as citi-
zens in the 21st century. In contrast, knowledge transfer
at extracurricular learning locations was seen as inspir-
ing and challenging (Millar & Osborne, 1998). Others see
poor results in international comparative assessments
such as the Programme for International Student Assess-
ment (PISA) or Trends in International Mathematics
and Science Study (TIMSS), or the high status of STEM
professions as reasons for the establishment of extracur-
ricular STEM programmes (Tillmann & Wegner, 2021).
In general, it can be said that these programmes were
founded to give students practical insights into the STEM
world outside of regular school lessons. One of the aims
of extracurricular STEM programmes is to arouse inter-
est, promote motivation, and raise self-efficacy beliefs, as
well as have a positive influence on career choices in the
STEM field (Kitchen et al., 2018; Laine et al., 2017; Ler-
nortLabor & IPN Kiel, 2023; Tillmann & Wegner, 2021).
Extracurricular STEM programmes are now an integral
part of school education and are widely used. They have
also been the subject of intensive research since the early
2000s. However, despite the impact of these extracurricu-
lar STEM programmes being of significant interest, their
effectiveness has not yet been conclusively clarified (Till-
mann & Wegner, 2021). The variability in these effects
depends on several moderating factors, including the
nature of the informal science programme, student grade
level, STEM subject, and publication type and year.

Against this background, this work investigates the
impact of visits in school labs on students’ career inten-
tions in the STEM field, as well as the moderating factors
influencing this relationship. The use of school labs takes
into account cognitive, motivational, and affective com-
ponents. These are assessed in this study as the learning
gain from attendance, the enjoyment of the visit, and the
change in interest and in self-efficacy beliefs in STEM as
a result of attendance. Specifically, we examine how these
variables are related. The term “career intentions” implies
that a career choice has not yet been made. The theoreti-
cal framework of our study is based on the expectancy—
value theory developed by Wigfield and Eccles (2000).
According to this, expectancy of success and subjective
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task value influence career choice. Expectancy of suc-
cess is the belief that one will be successful in a particular
area. If students believe that they are good at science, for
example, they are more likely to consider relevant career
fields. This is a cognitive judgement. Subjective task value
refers to the question of why this career field should be
chosen. This value is composed of motivational and affec-
tive components.

Extracurricular STEM programmes in school labs

An extracurricular STEM programme is a learning
space outside the school building where students can
learn formally, non-formally, or informally. Formal
learning encompasses the entire public education sys-
tem, from early education in kindergarten to university.
Non-formal learning refers to organized learning pro-
grammes that take place outside of the regular school
curriculum. Informal learning, on the other hand, takes
place throughout life and is shaped by influences such
as family, work, media, or leisure time. Informal learn-
ing is never organized and therefore often spontaneous
(Ainsworth & Eaton, 2010). It arises from the learner’s
involvement in activities that are not undertaken with
a learning purpose in mind (Council of Europe, 2025).
Extracurricular learning sites enable direct encounters
with a learning object and/or a set of facts. The process of
learning in such an extracurricular context occurs when
there is direct engagement with the learning object or
topic. This, in turn, leads to the acquisition of knowledge.

Learning can take place both consciously and uncon-
sciously. This encounter can be authentic if the learning
object or subject matter is experienced in its original
environment, for example in nature such as by rivers,
in meadows, in forests, or on farms. Alternatively, it
can also take place in an artificial environment, such as
a museum. Extracurricular learning locations differ in
terms of their methodological and didactic design. While
an old town, for example, often gets by without any spe-
cific didactics, facilities such as science centres or school
laboratories are specially designed for educational pur-
poses (Ainsworth & Eaton, 2010; Callanan et al., 2011;
Chng & Tan, 2024; Messmer et al., 2011). In this study we
will focus on school labs.

School labs are specialized facilities that are often
located at universities, research centres, companies,
museums, or science centres. They offer school class
courses that last from a few hours to several days. These
courses address topics from the fields of STEM. They
focus on activating forms of learning that enable students
to work independently with authentic research ques-
tions and working methods in the STEM field. School
labs are characterized by their high level of commitment,
creativity, and originality. They differ in terms of their
goals, their personnel and material resources, and their
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thematic focus, as well as their target audience (Chng &
Tan, 2024; Pawek, 2009). The students are supervised and
instructed by qualified specialists (LernortLabor & IPN
Kiel, 2023).

Various studies with different designs and approaches
have been carried out to investigate the impact of a visit
to a school lab. The results show predominantly positive
effects on cognitive, affective, and motivational charac-
teristics such as learning gains, interest, motivation, self-
efficacy beliefs, and the students’ emotions (e.g. Kitchen
et al., 2018; Laine et al,, 2017; Neher-Asylbekov & Wag-
ner, 2023; Xia et al., 2025).

Cognitive effects of school labs

Attending a school lab expands and enriches regular
classroom lessons, and supports both subject-specific
and interdisciplinary skills development (Tillmann &
Wegner, 2021). It needs to be mentioned, however, that
in many studies with interventions in school labs there
were also some learning gains among students who expe-
rienced regular in-school instruction (e.g., conventional
lessons, classroom experiments) rather than attending a
school lab (i.e., Itzek-Greulich et al., 2014, 2015; Scharf-
enberg et al., 2007). Goldschmidt et al. (2016) also found
gender-specific differences, with female students show-
ing significantly higher learning gains than male students.
Huwer (2015) was also able to demonstrate a long-term
stable increase in learning in school labs, as evidenced
by knowledge gains across different grade levels and top-
ics. In addition, a study by Zehren et al. (2013) noted that
students who regularly attended a school lab over a lon-
ger period of time developed an improved understanding
of scientific contexts. This enhanced understanding was
reflected in a higher quality of epistemic questions. Stu-
dents learned to think ahead and focus on observable and
measurable quantities. This helped them formulate more
precise predictions. In addition, Kirchhoff et al. (2022)
demonstrated that self-perceived competence in experi-
mentation was positively supported in school labs, espe-
cially by less competent students.

In summary, it can be said that the results regarding
learning gains are mixed. They cannot always be clearly
attributed to the visit to a school lab. Nevertheless,
school labs enrich STEM education and can contribute
to the teaching of STEM content and a more accurate
understanding of science. According to the expectancy—
value theory by Wigfield and Eccles (2000), this can also
have a positive effect on career choices.

Affective effects of school labs

Research on visits to school labs shows that extracur-
ricular learning experiences can evoke strong emotional
reactions and promote students’ motivation to engage
more intensively with scientific topics (Itzek-Greulich &
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Vollmer, 2017; Rollke et al., 2020). In this section, we will
first discuss the affective aspects before moving on to the
motivational ones in the next section. Molz et al. (2022)
analysed the results of 12 studies from 2004 to 2020 that
surveyed enjoyment and general appreciation of school
labs. The measured values were consistently high, with
results achieving approximately 80% of the maximum
possible value. Molz et al. (2022) emphasized that these
outcomes applied regardless of country, target group, set-
ting, discipline, or time frame. Emotions therefore play a
central role in school labs and have a significant influence
on students’ motivation, engagement, and learning suc-
cess. However, one investigation demonstrated no differ-
ences in emotional experience when comparing learning
in school and school labs (Kirchhoff et al., 2024).

The predominantly positive emotions reported dur-
ing visits to school labs are also important predictors for
career choices (Mufioz-Losa & Corbacho-Cuello, 2025).
In addition, according to the expectancy—value theory,
motivational effects can also play a significant role in the
career choice process, as we will see in the next section.

Motivational effects of school labs

Promoting interest is a central goal of many school labs
(Kitchen et al., 2018; Laine et al., 2017; LernortLabor &
IPN Kiel, 2023; Tillmann & Wegner, 2021). This is due to
the fact that interest in scientific topics is closely linked
to students’ learning gain and future career choice in this
field. Students with a strong interest in science subjects
generally perform better in these subjects and are more
likely to pursue a career in the STEM field (Krapp, 1992;
Taskinen et al., 2013). Numerous studies over the last two
decades have shown that both one-off and repeated visits
to school labs can promote situational interest in STEM
topics (Brandt, 2005; Engeln, 2004; Guderian, 2007; Mok-
honko et al., 2014; Pawek, 2009; Simon, 2019). Situational
interest refers to short-term interest in a (learning) object
that is often stimulated by an external stimulus such as
a fascinating experiment (Krapp, 1992; Wilhelm et al.,
2011) or related, hands-on activities (Neher-Asylbekov &
Wagner, 2023).

School labs generally strive to provide authentic tasks,
which in turn is a factor that has a significant influence
on students’ situational interest (Nachtigall & Rummel,
2021). Only a few works found no increase in interest
in science (e.g., Hubricht & Ralle, 2016). It needs to be
pointed out that the promotion of situational interest
often proved not to be long-term, as the values decreased
again over time (Engeln, 2004; Guderian, 2007; Pawek,
2009). However, Guderian (2007) was able to show that
each subsequent visit to a school lab can reactivate situ-
ational interest. Debriefings after the visit and follow-
up lessons at school seem to anchor interest in the long
term (Neher-Asylbekov & Wagner, 2023). In addition,
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Palmer et al. (2017) demonstrated in a longitudinal study
that repeatedly aroused situational interest is associated
with the development of individual interest in science.
Although situational interest does not always necessar-
ily lead to long-term individual interest, it is an essen-
tial basis for long-term development (Hidi & Renninger,
2006).

Similar to interest, self-efficacy beliefs also have a
strong influence on students’ career choices (Bandura
et al.,, 2003). Self-efficacy refers to a person’s belief that
they can plan and carry out actions based on their own
abilities in order to achieve a goal (Bandura, 1977). It is a
strong predictor of success in learning science and tech-
nology. Self-efficacy not only influences learning pro-
cesses, but also shapes motivation, interest, and career
orientation (Bandura et al., 2003; Catalano, 2024; Yamani
& Almazroa, 2024). Therefore, changes in self-efficacy
beliefs have often been investigated in studies on school
lab visits. Few have found no change (e.g., Hubricht &
Ralle, 2016). More frequently, investigations were able to
identify positive effects after a visit (Brandt, 2005; Mok-
honko et al., 2014; Pawek, 2009; Wef3nigk, 2013). Pawek
(2009) and Wefnigk (2013) even observed long-term
changes.

School labs make a significant contribution in the
career choice process. School labs with a focus on career
guidance have even placed this goal at the heart of their
work. Those based at universities, research institutes, or
companies in particular often offer direct entry oppor-
tunities into STEM professions. At the same time, other
types of school labs like classic school labs or student
research centres also create a basis for arousing enthu-
siasm for these subjects by specifically promoting inter-
est in the STEM field (LernortLabor & IPN Kiel, 2023).
As Taskinen (2010) shows, there is a close link between
interest and self-efficacy in science and career choice in
this field. Both have a strong influence when it comes
to deciding in favour of a particular occupation. A large
number of studies were able to demonstrate that visits to
school labs can have a positive influence on career orien-
tation (Henriksen et al., 2014; Kitchen et al., 2018; Rein-
hold et al., 2018; Sasson, 2019; Wefinigk, 2013; Zehren et
al., 2013). However, Wef3nigk (2013) found a lasting effect
exclusively among girls. In general, however, there is lit-
tle evidence to date of long-term effects on later career
choices (Nationales MINT Forum e. V., 2018).

Based on their results, Reimann et al. (2020) assume
that visits to school labs tend to reinforce students’ exist-
ing attitudes towards STEM professions rather than
fundamentally change them. This means that students
with a positive attitude towards STEM professions are
encouraged by the visit in their intention to pursue such
a profession, while on the other hand those with a nega-
tive attitude are confirmed in their rejection of STEM
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professions. Nevertheless, research on informal STEM
learning experiences suggests that such opportunities
can contribute to the development of students’ STEM
identity (Simpson et al., 2025; Sonnert et al., 2025). In
turn, STEM identity has been shown to be associated
with STEM-related career interests, career intentions,
and career choices (Guo et al., 2026; Sonnert et al., 2025).
By analysing various investigations, Wang and Degol
(2013) concluded that career choices mostly reflect per-
sonal interests. Thereby, a gender difference was iden-
tified. Women seem to prefer a profession that deals
with people and can be practised flexibly, which suits
them in terms of parenting responsibilities. Wang and
Degol (2013, p. 328) also summarize that current stud-
ies indicate that “STEM fields are perceived by women as
being object-oriented, male-dominated, and not family
friendly”. According to Regan and DeWitt (2015, p. 63), in
addition to gender, several other factors influence career
choice. These include “age, attainment, teaching and
learning, school type, influential individuals (parents and
teachers), and images of science and scientists”

The question therefore arises as to what extent the use
of school labs can influence students’ STEM career inten-
tions. Although many causes are known, no attempt has
yet been made to represent the possible effects in a com-
prehensive model. Therefore, in this article we will exam-
ine the relationships between cognitive, affective, and
motivational factors and STEM career intentions due to
the visit. Therefore, the research question is: how are self-
assessed learning gain, experienced enjoyment, change
in interest in STEM and in self-efficacy beliefs in STEM,
and STEM career intentions due to the visit related? We
postulate the following explorative hypotheses (as shown
in Fig. 1):

1. Higher self-assessed learning gain due to the visit
correlates with stronger STEM career intentions.

2. Greater enjoyment of the visit correlates with
stronger STEM career intentions.

3. Greater positive change in interest is associated with
stronger STEM career intentions.

4. Greater positive change in self-efficacy beliefs is
associated with stronger STEM career intentions.

Method

Research design

A cross-sectional quantitative approach was chosen to
answer the research question and to test the hypotheses.
Selected school labs in German- and French-speaking
Switzerland and the Principality of Liechtenstein took
part in the study. These school labs are characterized by
a didactically sound design, take place in a laboratory
context, and are led or supervised by external experts. In
German-speaking Switzerland, Experio Roche, go tec!,
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1. Self-assessed learning gain due to
the visit

2. Enjoyment of the visit

3. Change in interest in STEM due to
the visit

4. Change in self-efficacy beliefs in
STEM due to the visit
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STEM career intentions due
to the visit

Fig. 1 Assumed factors explaining STEM career intentions based on a visit to a school lab (simplified model)

Table 1 Sample characteristics (N=2,605)

School Gender Mean Language at home Part of Switzerland
type age
Lower Male Female Non-binary No answer German Other No answer German-speak-  French- No
secondary or Swiss language ing Switzer- speaking an-
education German land or the Switzerland  swer
Principality of
Liechtenstein
373 398 12 (1.5%) 7 (0.9%) 139 565 (71.5%) 218 (27.6%) 7 (0.9%) 776 14 -
(47.2%) (50.4%) (98.2%) (1.8%)
Upper 689 1,059 53 Il 17.2 1,348 452 12 1,612 20 180
secondary  (38%)  (584%) (2.9%) (0.6%) (74.4%) (24.9%) (0.7%) (89%) (1.1%) (9.9%)
education

Lower secondary education n=790; Upper secondary education n=1812

PSI iLab, Klassenlabor at the St. Gallen Natural History
Museum, Lernlabor of the University of Teacher Edu-
cation Lucerne, MobiLab, mobiLLab, Smartfeld, Swiss
TecLadies, TecDay, and Technorama took part. Sci-
enscope took part from French-speaking Switzerland,
and the Principality of Liechtenstein was presented by
pepperMINT.

The data were collected over a year from April 2022 to
April 2023. The students were surveyed with a question-
naire within two weeks after attending one of the listed
school labs. The questions were answered by the stu-
dents in during school lessons. In order to minimize the
loss of teaching time as much as possible, we had to limit
ourselves to a post-evaluation. Participation was volun-
tary and based on informed consent. All data have been
anonymized.

Sample

A total of 2,605 students took part in the survey, 790 of
whom were in lower secondary education (grades 7-9)
and 1,812 in upper secondary education (grades 10—13).
Three students did not specify a grade level. Details

regarding gender distribution, average age, language
spoken at home, and part of Switzerland can be found in
Table 1.

Instruments

The students were questioned on whether they enjoyed
the visit, as well as about their self-assessed learning gain,
their self-assessed change in interest in STEM and their
self-assessed change in self-efficacy beliefs in STEM, and
possible STEM career intentions due to their attendance.
Details on the scales can be found in Table 2. The “enjoy-
ment of the visit” one was adapted from Brandt (2005),
Peixoto et al. (2015), and Tulis and Ainley (2011). The
four scales “self-assessed learning gain due to the visit’,
“change in interest in STEM due to the visit’, “change in
self-efficacy beliefs in STEM due to the visit’, and “STEM
career intentions due to the visit” were evaluated by the
use of the phrase starting with: “I have the impression
that now, after the visit ..” which was taken from a study
by Giidel (2014). The “self-assessed learning gain due to
the visit” scale was self-created. The “change in inter-
est in STEM due to the visit” scale was adopted from
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Table 2 Sample items for each scale applied

Variable Sample item # Cron-  Sources
items bach’s
Alpha

Enjoyment  The activities were fun. 3 0.88 Adapted

of the visit from
Brandt
(2005),
Peixoto et
al. (2015)
and Tulis
and Ainley
(2011)

Self-assessed | have the impression 5 0.93 Adapted

learning gain  that now, after the visit, | from

dueto the have learned something Gudel

visit that | didn't know before. (2014),
self-created

Change in I have the impression 5 0.87 Adapted

interest in that now, after the visit, from

STEM due to | enjoy scientific and Gudel

the visit technical subjects more (2014)

than I did before.

Changein I have the impression 3 0.91 Adapted

self-efficacy  that now, after the visit, from

beliefs in I'am more confident Gudel

STEM due to in solving a scientific- (2014)

the visit technical problem.

STEM career | have the impression 4 0.93 Adapted

intentions that now, after the visit, | from

due to the can imagine working in Gudel

visit a scientific or technical (2014)

profession.

Table 3 Overview of descriptive data

Variable N M SD

Enjoyment of the visit 2542 431 097

Self-assessed learning gain due to the visit 2400 435 117

Change in interest in STEM due to the visit 2402 336 1.13

Change in self-efficacy beliefs in STEM dueto 2372 333 1.25

the visit

STEM career intentions due to the visit 2388 3.20 1.31

Six-point Likert scale with 1=strongly disagree, 2=disagree, 3=somewhat
disagree, 4=somewhat agree, 5=agree and 6=absolutely agree; M=mean;
SD=standard deviation

the “assessment of the development of interests” one
from Gtidel (2014). The “change in self-efficacy beliefs in
STEM due to the visit” scale was again based on a scale
by Guidel (2014) that focused on self-efficacy beliefs in
technical tasks. The “STEM career intentions due to the
visit” one was also drawn from a scale from Giidel (2014).
To evaluate the items, a six-point Likert scale was used
(1=strongly disagree, 2=disagree, 3=somewhat dis-
agree, 4=somewhat agree, 5=agree and 6=absolutely
agree).
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Data analysis

A descriptive analysis was carried out using SPSS.
Internal consistency was tested with Cronbach’s alpha.
According to Taber (2018), values between 0.87 and 0.93
indicate good internal consistency (Table 3). In order
to investigate the influence of the use of school labs on
STEM career intentions, a theoretical model based on
the expectancy—value theory was established and tested.
Based on this first model, several models with and with-
out mediators were assessed utilizing Mplus 7 for reasons
of optimizing the fit values. The applied cross-sectional
SEM allows us to formulate causal assumptions as a
hypothesis that can be tested. However, not rejecting a
hypothesis (or, in other words, not rejecting our model)
does not mean the causal assumptions in our model are
correct (Geiser, 2012). In this sense, we can only speak of
correlations between variables as a result. Self-assessed
learning gain, change in interest in STEM, change in self-
efficacy beliefs and STEM career intentions due to the
visit were modelled with latent variables. Enjoyment of
the visit was evaluated with manifest variables, as it was
only surveyed once in all labs, but three times after each
module on the school lab TecDay. An average value was
computed here. Missing values were present in the data-
set. Since these values were unrelated to the study design,
we assumed that they occurred at random. Therefore, we
applied the full information maximum likelihood (FIML)
method, which allows all available data to be incorpo-
rated into the model. In all cases, the proportion of miss-
ing values was below 10%, which is considered acceptable
(Enders, 2010).

Results
In the following table the descriptive data are presented.
Generally, students’ enjoyment of the visit, self-assessed
learning change in interest in STEM and change in self-
efficacy beliefs in STEM, and STEM career intentions
due to their attendance were somewhat positive (Table 3).
Starting with a model in which all factors led directly
to STEM career intentions, model improvements showed
that an indirect model with mediators better explained
the relationships. In the final model, STEM career inten-
tion was modelled as the outcome variable and the cogni-
tive, affective, and motivational student characteristics as
explanatory variables. In the following, causal terminol-
ogy refers to the theoretically specified model. However,
as the analyses are based on correlational data, the find-
ings do not establish causality but merely indicate con-
sistency with the proposed relationships (cf. Bozionelos,
2003). Changes in self-efficacy beliefs and in interest were
predicted in this model by self-assessed learning gain and
enjoyment of the visit. In other words, change in self-
efficacy beliefs and change in interest were mediators in
the model (Fig. 2). Age, gender, and school level (lower
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Fig. 2 Interdependencies to explain STEM career intentions (standardized estimates, all paths significant, ***p < .001).
Note The model is shown without the control variables age, gender, and school level (lower and upper secondary level).

and upper secondary level) were utilized as control vari-
ables. To test whether the structural equation model
was appropriate, the fit indices were reviewed against
the critical values of Hu and Bentler (1999). The follow-
ing values were considered a good model fit: x> = 1120.34,
df=167, p < .001, x*/df=6.71; RMSEA =0.05, CFI1=0.96
and TLI=0.95. In addition, multicollinearity was checked
using the VIF values. A value of 10 or higher is often
considered critical, indicating possible multicollinearity.
Since the VIF values of 1.4 for enjoyment, 1.6 for learning
gain, 4.2 for change in interest, and 3.6 for change in self-
efficacy beliefs are clearly below 10, no multicollinearity
is assumed (O’brien, 2007).

In this model, students’ STEM career intentions can be
explained both directly and indirectly with the following
selected variables: self-assessed learning gain due to the
attendance, enjoyment of the visit, change in interest in
STEM and change in self-efficacy beliefs in STEM, and
STEM career intentions due to the attendance. In total,
28.6% of the variance in the change in self-efficacy expec-
tations in STEM, a high 95% of the variance in the change
in interest in STEM and a high 79.4% of the variance
in STEM career intentions are explained by the model
(Fig. 2).

The structural equation model shows that the self-
assessed learning gain correlated strongly with the
enjoyment of the visit (5=0.50, p < .001). Students who
stated that they had learned a lot also experienced great
enjoyment in the school lab. It can also be seen that self-
assessed learning gain had a small effect on the change in
interest in STEM (£=0.12, p < .001) and a medium effect
on the change in self-efficacy beliefs in STEM (8=0.41, p

< .001). This means that students who felt that they had
learned a lot were more interested in STEM after the
workshop and were also more confident in successfully
mastering scientific and technical tasks in these areas or
solving problems.

Enjoyment had a significant but rather small effect
on the change in interest in STEM (5=0.05, p < .001)
and a small to medium effect on the change in self-effi-
cacy beliefs in STEM (5=0.17, p < .001). Students who
enjoyed the visit showed slightly more interest in STEM
after the visit and were more confident in working on a
science and technology topic than students who had less
enjoyment.

The variable “change in self-efficacy beliefs in STEM”
had a strong effect on the variable “change in interest in
STEM” (8=0.86, p < .001) as well as on STEM career
intentions (5=0.88, p < .001). This means that, for exam-
ple, students who were more confident about working on
a scientific/technical topic after the workshop were also
more interested in STEM after the workshop and were
also more likely to imagine learning a profession in the
STEM field. In addition, the variable “change in inter-
est in STEM” is strongly related to the variable “STEM
career intentions” (§=0.72, p < .001). Students who were
more interested in STEM after the visit were also more
likely to imagine pursuing a career in the STEM field
(Fig. 2).

In the following section, we report some effects of con-
trol variables on the five main variables in our model.
These effects were not depicted in Fig. 2 in order to main-
tain clarity. In general, the beta effects of control vari-
ables were rather small. Gender had a negligible effect
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on self-assessed learning gain only (8 = —0.07, p=.001).
With regard to the school level, a small effect on the
self-assessed learning gain ($=0.11, p < .001) could be
demonstrated. In our case, this means that students at
upper secondary level assessed their learning growth as
slightly higher than students at lower secondary level.
The school level also had a small effect on the enjoyment
of the visit (8 = —0.11, p < .001). In our model, lower sec-
ondary school students showed slightly more enjoyment
of the visit than upper secondary school ones. Gender
also had a small to medium effect on the change in self-
efficacy expectation in STEM (5=0.16, p < .001). The
value for the variable “change of self-efficacy expecta-
tion” for male students was slightly higher than that for
female ones. Age had a rather small effect on the variable
“change in self-efficacy expectation in STEM” (8 = - 0.07,
p < .01). Younger students were slightly more confident
about working on a scientific/technical topic after the
visit compared to older ones. Age, gender, and grade level
had no significant effect on the variable “change in inter-
est in STEM”. Finally, gender (5=0.04, p < .001) and grade
(5=0.09, p < .001) had a negligible effect on STEM career
intentions.

Looking at both the direct and indirect paths from
learning gain to interest growth, the total effect is signifi-
cant for all paths combined (5=0.49, p < .001). This effect
is explained more strongly through the indirect path
from self-assessed learning gain to the change in interest
in STEM via the change in self-efficacy beliefs in STEM
(=037, p < .001) than via the direct path from self-
assessed learning gain to the change in interest in STEM
(5=0.12, p < .001). This would mean that students who
reported a high learning gain also mentioned high self-
efficacy and thus high interest in STEM. For enjoyment
of the visit the explanation is somewhat similar. The total
effect of enjoyment on interest is significant (5=0.20, p
< .001). This effect is largely explained by the indirect
path from enjoyment to the change in interest in STEM
via the change in self-efficacy beliefs in STEM (5=0.15,
p < .001). The direct path from enjoyment to the change
in interest in STEM is significant, but negligibly small
(8=0.05, p < .001).

The differences in STEM career intentions based on the
visits can also be explained in more detail using indirect
paths. The difference demonstrated by students in STEM
career intentions is fully explained by the indirect path
from self-assessed learning gain to career STEM career
intentions via the change in self-efficacy beliefs in STEM
(5=0.36, p < .001). The total effect of enjoyment on
STEM career intentions is also significant (5=0.15, p <
.001), which is completely explained by the indirect path
from enjoyment to STEM career intentions. Therefore,
contrary to our assumption (Fig. 1), learning gain and
enjoyment do not have a direct effect on STEM career
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intentions, but they have an indirect influence on STEM
career intentions via self-efficacy beliefs. Self-efficacy
beliefs, on the other hand, exert a substantial influence
on STEM career intentions in the model, both through
change in interest and directly.

Discussion and conclusion

Based on our research question, we investigated the
extent to which the use of school labs might influence
students’ career intentions in STEM subjects. In this
context, we have looked at different variables related to
STEM career intentions which can be experienced dur-
ing a visit, or which can be influenced by a visit to a
school lab. These variables were students’ self-assessed
learning, enjoyment, change in interest in STEM and
in self-efficacy beliefs in STEM due to the visit. With
respect to our theoretical expectancy-value model, we
explored whether students with higher expectancy beliefs
and higher values in science are more likely to consider
relevant career fields. It was expected that self-assessed
learning gain (Hypothesis 1) and enjoyment of the visit
(Hypothesis 2), as well as the change in interest (Hypoth-
esis 3) and in self-efficacy beliefs influence STEM career
intentions (Hypothesis 4).

We were able to confirm all hypotheses. Learning gain
and enjoyment of the visit showed a relationship with
change in interest and change in self-efficacy beliefs in
STEM. In the SEM model the indirect effects from learn-
ing gain to interest via self-efficacy beliefs, and from
enjoyment of the visit to interest via self-efficacy beliefs
were stronger than the direct effects. Thus, change in self-
efficacy beliefs could be identified as a mediator between
learning gain and change in interest, and between enjoy-
ment of the visit and change in interest. In addition, self-
efficacy acted as a mediator between learning gain or
enjoyment and STEM career intentions.

Hypotheses 3 and 4 confirm the assumption of Taski-
nen (2010) and Priemer and Lewalter (2009) that inter-
est and self-efficacy beliefs strongly influence students’
STEM career intentions. Compared to the model in the
study by Luo et al. (2021), the beta values here are con-
siderably higher. The self-perceived change in self-effi-
cacy showed a strong relationship with STEM career
intentions, but also with the change in interest in STEM.
One interpretation could be that students who have
altered their self-efficacy beliefs in STEM due to the visit
have also changed their interest in STEM and are more
likely to consider pursuing a STEM profession. Change
in interest in turn had a strong correlation with STEM
career intentions. Students who are interested in STEM
are more likely to pursue a STEM profession, and stu-
dents who follow a STEM career path are likelier to be
interested in STEM. In addition, learning gain and enjoy-
ment of the visit demonstrate an indirect relationship
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with STEM career intentions. Both variables might influ-
ence STEM career intentions via self-efficacy beliefs.
This indirect effect is apparently stronger than the direct
one in the SEM model. Self-efficacy beliefs seem to play
a central role in these relationships. In sum, it might be
assumed that a positively experienced visit to a school lab
can have an influence on STEM career intentions. The
utilization of school labs by teachers facilitates their pre-
sentation of STEM careers to students in a vivid manner
as part of the career selection process.

Limitations

There are also some limitations to consider. When we
mention change in this study, we are reporting self-
assessed growth or self-assessed decline from the per-
spective of the individual student. It is not a pre—post
measurement. In our study, students at the lower sec-
ondary and upper secondary levels in the middle of the
career choice process were surveyed. Some studies indi-
cate that career interest remains largely stable from the
age of 15 (Bergmann & Eder, 2000; Nagy & Husemann,
2010). It is therefore suggested that interventions should
also be made with younger students in order to achieve
changes in career interests (Nationales MINT Forum e.
V., 2018). It should also be noted that STEM career inten-
tions can be influenced by other variables. The factors
that explain STEM career intentions for an occupation in
the scientific or technical field can be well illustrated in
an expectancy—value model (Eccles & Wigfield, 2002). In
this model, further explaining factors, such as the oppor-
tunity to tinker at home in a workshop, are included. In
some works it was shown, for example, that parents or
teachers also have a significant influence on students’
career choices (Plasman et al., 2020; Smit et al., 2020).
According to Regan and DeWitt (2015), in addition to
parents or teachers, factors as attainment, teaching, and
learning, and images of science and scientists might influ-
ence career choice. To sum up, future studies should use
a longitudinal design, survey younger students or select
other variables to contextualize these results. The change
in different variables could be assessed in an intervention
study with a repeated-measures design. This would allow
for evaluating long-term effects.

One potential issue regarding the results could be
the strong correlations between interest, self-efficacy,
and career intentions. However, it should be noted that
all constructs in our study show correlations below 0.9,
indicating a level of discriminant validity that, while
approaching a critical threshold, remains within an
acceptable range (Cheung et al., 2024). We also tested for
redundant indicators; however, none could be removed
because all were considered theoretically relevant. In
addition, the variables were examined for multicollinear-
ity to ensure that they were sufficiently independent from
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one another. Nuutila et al. (2021), for example, have also
identified strong links between interest and self-efficacy
beliefs. They demonstrated that these two variables
do not operate in isolation but are closely related dur-
ing learning processes. It should also be noted here that
our sample may well be subject to a positive bias. This is
because it can be assumed that teachers who take their
classes to school labs are themselves keen on science and
have an interest in the subject. It is therefore reasonable
to assume that they are also able to inspire their students
(Jungert et al., 2020; Keller et al., 2016).

Implications

In terms of implications for practice, this paper showed
that school labs are very important because they can pro-
mote learning, enjoyment, interest, and self-efficacy. Our
study reveals, despite the limitations, that these positive
effects of the school labs can influence students’ STEM
career intentions. Visiting school labs can therefore
contribute to a few more talented young people being
attracted into the STEM professions. Getting students
excited about STEM careers is highly relevant to society
given the shortage of skilled workers in this field. STEM
careers are important for ensuring technological progress
and remaining competitive and innovative. By promoting
cognitive, affective, and motivational skills in school labs
and thereby facilitating STEM career intentions, these
institutions perform an important function in education
and labour market policy. It is therefore important that
providers of school labs ensure that they offer learning
opportunities that are enjoyable but also promote inter-
est and self-efficacy. This will enable them to further
strengthen their position as an effective influencing fac-
tor in students’ career choice process (Kerst et al., 2022;
Tytler, 2020).
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