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Abstract: Gender disparity within science, technology, engineering, and mathematics (STEM) fields is
a persistent global issue, with women being consistently underrepresented. Recent research indicates
that inquiry-based practices may enhance students’ interest in STEM careers and challenge gender-
related STEM stereotypes. The aim of this study is to evaluate the impact of STEM inquiry-based
learning activities on students’ interest in STEM careers, as well as on the social cognitive career theory
(SCCT) dimensions (self-efficacy, personal goals, outcome expectations, interests, contextual support,
and personal inputs), with a specific focus on gender. A quantitative approach was employed,
whereby pre- and post-test measures were administered to a cohort of 190 Portuguese secondary
school students, using the STEM Career Interest Survey. The results showed that, while the STEM
inquiry-based learning activities did not alter the gender-based patterns of interest in STEM subjects
and careers, they did contribute to a significant increase in students’ interest in these areas. It was
found that these activities were particularly effective in promoting female students’ interest in STEM
careers. A significant increase was observed in all SCCT dimensions, particularly in engineering,
for female students. Additionally, no gender disparities were observed in self-efficacy in STEM
areas. The results suggest that STEM inquiry-based learning activities are an effective approach to
building students” confidence in STEM fields and stimulating their interest in STEM careers. This
study reinforces the importance of inquiry-based practices in promoting a more equitable STEM
education landscape.

Keywords: gender differences; STEM inquiry-based learning activities; interest in STEM careers;
Portuguese secondary students; social cognitive career theory

1. Introduction

In recent years, STEM (Science, Technology, Engineering and Mathematics) education
has become a focal point of educational reforms worldwide, as it is believed to inspire
students to pursue careers in these fields and equip them to address multidisciplinary and
complex global challenges [1]. Despite this, the number of students choosing to study
physical sciences, engineering, and mathematics at the university level has declined [2].
Additionally, even though female students constitute most undergraduate students, on
average across OECD countries, they are still under-represented in STEM [3]. According
to the [4] report from the National Center for Science and Engineering Statistics (NCSES),
there is a notable disparity between the representation of women in the STEM workforce
and their proportion within the overall U.S. population. In 2021, women constituted 51% of
the total population aged 18 to 74 years and 35% of those employed in a STEM occupation.
Furthermore, women and certain racial and ethnic minority groups are underrepresented
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in postsecondary science and engineering education, which may be indicative of their
future participation in the STEM workforce.

Wang and Degol [5] ascertained that the underrepresentation of female students
in STEM education is attributed to factors such as lifestyle values, work-life balance
preferences, beliefs regarding field-specific abilities, and the presence of gender-related
stereotypes and biases. In general, female students are slightly more likely to perceive
STEM studies as “difficult and confusing” and are less likely to believe that they are
proficient in these subjects [6,7]. This leads them to experience concern that they do not
fit the stereotype of STEM professionals and to hold the belief that they lack the ability to
succeed in these areas [8].

The Social Cognitive Career Theory (SCCT) [9] posits those contextual factors, such as
school-based learning experiences and social influences, play an important role in shaping
career interests in STEM fields. In this context, students’ aspirations to pursue STEM
careers can be shaped by the quality of classroom instruction, which provides meaningful
and engaging learning experiences that inspire or equip them for such careers [10]. Social
influences also contribute to this process by providing support, encouragement, and role
models, as well as knowledge dissemination and career guidance [11].

Therefore, teachers need to promote STEM careers in the classroom from elementary
to secondary level by engaging students in STEM activities in class. This approach can
influence their interest in the field and increase their self-efficacy before they enter higher
education [12]. Furthermore, introducing students to STEM education at an early age, by
integrating engineering with physical sciences, mathematics, and technology, can effectively
foster career interest among female students in these fields [13].

Educators and researchers have turned their attention to affective factors, such as
student interest, to better understand STEM learning and motivation, highlighting the
need for effective measures of STEM interest that enable tracking over time and provide
opportunities for early interventions by educators [14]. One example is the STEM Career
Interest Survey (STEM-CIS) instrument, which helps researchers, professional developers,
and program evaluators measure the effects of their STEM programs on changes in student
interest in STEM subjects and careers. This tool has significant implications for designing
and improving STEM interventions [15]. Kier et al. [15] applied SCCT [9], based on
Bandura’s general Social Cognitive Theory [16], to develop a survey featuring subscales
for science, technology, engineering, and mathematics. The application of the STEM-CIS
questionnaire has enabled researchers (e.g., [17]) to demonstrate that the development of
STEM career interest significantly depends on contextual factors, outcome expectations,
personal inputs, and self-efficacy, aligning with the dimensions of SCCT.

Although some studies have analyzed the impact of STEM programs on student
interest using the STEM-CIS questionnaire (e.g., [18]), there has been limited attention
to the specific context of active methodologies associated with STEM education, such
as project-based, problem-based, or inquiry-based learning [19,20]. The present study
is designed to identify changes in students’ interest in STEM careers and in the SCCT
dimensions following the implementation of STEM inquiry-based learning activities with
secondary school students.

2. Theoretical Framework

Curricula and learning materials play a crucial role in fostering female students’
interest and engagement in STEM subjects and providing student-centered strategies,
such as inquiry are essential [3,21,22]. Several studies (e.g., [23]) have shown that STEM
interventions based on inquiry-based instruction led to significant improvements in science
process skills, science concepts, and science content knowledge among students. Research
also suggests that inquiry-based practices may enhance students’ interest in STEM subjects
and increase their interest in STEM careers [24-26]. Additionally, this approach can help
alter gender-related STEM stereotypes, highlight the relevance of STEM to social life, and
ultimately meet the future needs of a highly skilled STEM workforce [27].
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Inquiry-based learning (IBL) is fundamentally viewed as a method of acquiring knowl-
edge through a series of actions that mirror the typical processes used in scientific work
that scientists follow to solve problems in real-world situations [28]. Students engage as sci-
entists by planning investigations, critically analyzing data, discussing findings with peers,
and developing evidence-based explanations to address the initial questions posed [29,30].
According to de Jong [31], in IBL, unlike traditional instruction where teachers explain
theory and students do exercises, students take the initiative by first exploring and then
collaboratively developing concepts and laws with their teachers, building on essential
foundational knowledge. A key aspect of IBL is its adherence to a model proposed by
Bybee [32-34] represented by the 5Es: Engage, Explore, Explain, Elaborate, and Evaluate.

Participating in STEM programs in secondary school can decrease the gender gap
and mitigate the influence of family background on students’ interest in pursuing STEM
fields in the future [10]. Research, including that by Nugent et al. [35], indicates that
involvement in STEM-related activities and school experiences can predict STEM career
choices across different age groups and genders. Particularly, because such interventions
frequently work only for girls with high confidence in their ability to do well in STEM sub-
jects [36]. Therefore, investigating how inquiry learning activities impact students’ interest
in science and STEM career intentions is crucial for developing educational strategies that
enhance students’ engagement in STEM [37]. Although some studies, such as Gkagkas and
Hatzikraniotis [38], have shown the effectiveness of IBL in fostering student engagement,
further research is needed to identify the factors influencing students’ willingness to engage
in STEM activities and their likelihood of choosing STEM-related careers.

To broaden participation in STEM, it is essential to carefully measure the impact of
educational interventions on student perspectives. Adolescence is a critical period for
assessing these interventions, as students develop self-beliefs and make long-lasting career
decisions. Hence, an effective instrument should be sensitive to these interventions by
measuring dynamic beliefs and attributes, and it should be concise enough for practical
implementation by teachers in a classroom setting [39].

Recent years have seen significant progress in developing instruments to measure
students’ attitudes and interests in STEM careers. Notable examples include the Career
Interest Questionnaire (CIQ) [40,41] and the STEM-CIS [15], which assesses self-efficacy,
outcome expectations, personal inputs, contextual supports and barriers, interests and
goals as predictors of STEM career interest among students. STEM-CIS is grounded in the
constructs of SCCT to better understand the knowledge and interest in STEM fields [42].

SCCT is a career-oriented theory that posits self-efficacy and outcome beliefs work
together to predict career aspirations. According to Lent et al. [43], “SCCT focuses on
several cognitive-person variables (e.g., self-efficacy, outcome expectations, and goals), and
how these variables interact with other aspects of the person and his or her environment
(e.g., gender, ethnicity, social supports, and barriers) to help shape the course of career
development” (p. 36).

Among the variables employed in the SCCT, self-efficacy was the subject of most
research studies, as it is related to academic performance and is a key factor in models
of retention and persistence [44]. Self-efficacy can be defined as a dynamic set of self-
beliefs connected to specific performance domains (e.g., science) and can be understood as
personal judgments of one’s capabilities to organize and execute courses of action to attain
designated goals [16].

Outcome expectations can be defined as beliefs about the consequences of a specific
course of action [9]. In contrast to self-efficacy beliefs, which concern an individual’s
capabilities, outcome expectations pertain to the imagined outcomes of a particular practice.

Personal goals refer to an individual’s intention to perform a certain activity or achieve
a certain result [16].

The SCCT model postulates that personal inputs (e.g., gender and grade) and back-
ground factors (e.g., family and school) influence individuals’ learning experiences, which,
in turn, shape their self-efficacy and outcome expectations; these, in turn, inform their career
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interests, goals and actions [9]. It is, therefore, important to note that self-efficacy beliefs are
subject to change and are receptive to information from four sources: performance accom-
plishment (mastery experiences), vicarious learning (stemming from observing successful
social models), social persuasion (observed when instructors clarify or affirm students’
abilities, thereby increasing their confidence), and physiological arousal (emotional states
triggered during the learning process) [16]. Consequently, success experiences were found
to enhance self-efficacy beliefs, whereas repeated failures were found to diminish them.

SCCT is particularly effective in understanding the gender gap in STEM because it
identifies factors influencing students’ success in these fields, such as the widening gender
gap in academic self-efficacy as students age [45]. This theory also highlights elements
related to career interest, which are closely tied to individuals’ self-efficacy and confidence
in their ability to perform STEM-related tasks [46].

Some previous studies identified changes in interest toward STEM subjects and interest
in pursuing STEM careers after participating in integrated STEM education programs,
using STEM-CIS in secondary school settings [18,19,47,48]. Most studies described the
implementation of out-of-school or after-school STEM programs [47,49,50] and only a few
focused on the impact of STEM activities on the STEM career choices of female students [48].
It is, therefore, important to conduct further research into the impact of STEM inquiry
activities in the classroom on the interest of female secondary students in STEM subjects
and their subsequent pursuit of careers in these fields. Thus, to advance knowledge in this
field, the objective of this study is to evaluate the influence of STEM inquiry-based learning
activities on students’ interest in STEM subjects and careers, with a particular focus on
gender using pre-test and post-test measures for a group of participants. The STEM-CIS
was used to assess participants’ interest in STEM subjects and careers and to explore the
dimensions of the SCCT (self-efficacy, outcome expectations, interests, goals, contextual
supports and personal inputs).

3. Materials and Methods
3.1. Participants

A convenience sampling approach was employed to select 190 students from 12th-
grade chemistry classes during the 2022/2023 academic year. The participants were re-
cruited from three secondary educational establishments situated in Lisbon, Portugal. The
sample consisted of 85 male students (44.5%) and 106 female students (55.5%). The average
age of the students was 17.2 years; SD = 0.52.

3.2. Instruments

The STEM-CIS survey, developed by Kier et al. [15], was adapted for this study
to investigate the interest in STEM subjects and careers of students in upper secondary
schools. The STEM-CIS survey was chosen because it considers all STEM subjects (science,
technology, engineering, and mathematics) and utilizes the SCCT framework. The original
questionnaire consists of 44 items, which are rated on a 5-point Likert scale, ranging from
“strongly disagree” to “strongly agree”. It comprises four discipline-specific subscales:
Science (S), Technology (T), Engineering (E), and Mathematics (M). Each subscale comprised
11 items addressing six social cognitive career dimensions: self-efficacy, personal goals,
outcome expectations, interests, contextual supports (comprising two items each), and
personal inputs (represented by one item).

Kier et al. [15] validated the STEM-CIS with a population of 1000 middle school
students. The results of the confirmatory factor analysis indicated that the STEM-CIS is a
strong instrument, and its items are effective in measuring interest in STEM. According to
the authors, the Cronbach’s alpha for STEM-CIS typically ranges between 0.77 and 0.89 for
the subscales.

The original version of the survey instrument was translated into Portuguese. The
Portuguese survey also included demographic questions, including the gender of the
respondents. To ensure the survey instruments could be read and understood, five high
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school students were invited to complete the questionnaire and provide feedback on
the instructions, question format, and wording. Based on their feedback, additional re-
visions were made before the survey instruments were finalized and administered to
the participants.

The survey was administered in person under the supervision of the researchers.
Before administering the questionnaire, a brief description of the purpose of the study and
an informed consent process were given to the participants. The questionnaire took about
15 min to complete.

An exploratory principal component factor analysis was performed, and Cronbach’s
alpha was determined to ensure the construct validity and reliability of the instrument in
the sample of secondary school students. The results showed that the sample adequacy was
good (KMO = 0.814); through Barlett’s test of sphericity (sig. < 0.001), the fit of the variables
or dimensions of the STEM-CIS is also guaranteed by the factor analysis. Conversely, the
four dimensions collectively account for 54.8% of the explained variance. Cronbach’s alpha
for each dimension is high: « (S) = 0.86; « (T) = 0.83; « (E) = 0.92; « (M) = 0.86. Finally, the
validity and reliability of the instrument were confirmed with an alpha of 0.94.

3.3. Procedure

This study employed a quantitative approach, utilizing pre-test and post-test measures
for a group of participants. The objective was to ascertain whether the implementation
of STEM inquiry-based learning activities had an impact on their interests in pursuing
STEM careers, as well as on the SCCT dimensions. The independent variable was the STEM
inquiry-based learning activities, while the dependent variable was the interest in pursuing
STEM careers. The data were gathered utilizing the STEM-CIS questionnaire [15], which
gauged interest in pursuing a career in STEM according to the time of application (pre-test
and post-test) and the gender variable. The pre-test was administered to the students at
the beginning of the classes (September) to determine the students’ pre-existing interest in
STEM subjects and careers. The post-test was administered to the students after they had
participated in the STEM inquiry-based learning activities (May). The pre- and post-tests
were matched using the students” identification numbers.

The students participated in a sequence of STEM inquiry-based learning activities on
the topic of ‘Fossil Fuels’, following the 5Es model by Bybee et al. [34]. The sequence began
with an everyday situation related to the refining industry to enhance pupils’ curiosity about
the theme (Engage phase). After that, students researched the topic online, used educational
animations to understand the compounds acquired through crude oil distillation, and
constructed a prototype of an industry that included a crude oil distillation column. During
this process, students developed plans, constructed a model, created a prototype, and
tested and refined the prototype. Additionally, as students developed their prototypes,
teachers introduced questions to help students improve their plans, models, and prototypes.
These questions were associated with catalytic cracking and its importance in the crude
oil refining industry, as well as the production of petrol used in combustion engines.
During the development of the refinery prototypes, students watched videos about this
type of industry, played games about hydrocarbons, and consulted various websites,
some of which included Portuguese legislation regulating this type of industry (Explore
phase). Finally, students were required to explain the process of crude oil distillation
considering the prototype constructed (Explain phase). Furthermore, they had to build a
global understanding of the topic, facilitating the selection of the most important issues to
communicate to others in a simple and stimulating way (Elaborate phase). Lastly, students
evaluated the work carried out (evaluation phase), reflecting on what they had learned,
difficulties met and overcome, group work, what they liked the most and the least, and
what they would like to learn more about. This reflection is extremely important, as it
allows students to evaluate their actions and the efficiency of the learning processes. The
learning sequence is part of the Year 12 chemistry curriculum. The STEM inquiry-based
learning activities were carried out by five chemistry teachers who had participated in
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STEM education training. The sequence of activities and their implementation with the
students was planned by the researchers together with the teachers. To carry out the
activities, the teachers of the participating classes organized the pupils into groups of 4 or 5
during six 90 min lessons.

3.4. Data Analysis

The data were analyzed using Jamovi® 2.2.5.0 software. The value of 0.05 was used as
the significant level for interpreting the results. The data were not normally distributed
(Shapiro-Wilk < 0.05), therefore, non-parametric tests were used to analyze the data.

Four mean scores were calculated from the STEM-CIS data for discipline-specific
STEM interest (subscales) and for each SCCT dimension (e.g., science self-efficacy, tech-
nology self-efficacy and mathematics self-efficacy). Mean scores for the discipline-specific
subscales were calculated by summing the ratings for each subscale and dividing by the
total number of items included in the subscale (11 items). The same procedure was applied
to the means of the SCCT dimensions. The Mann-Whitney U test was used to assess
the effect of gender on discipline-specific STEM interest and on the six SCCT dimensions
for each discipline-specific subscale. To determine whether the implementation of STEM
inquiry-based learning activities had an impact on the student’s interest in STEM careers,
pairwise comparisons were made between the pre- and post-test scores for discipline-
specific STEM interests and for each SCCT dimension. For this purpose, the Wilcoxon
test was used, controlling for family-wise error across the tests at the 0.013 level using the
Bonferroni correction.

4. Results
4.1. Pre-Test

As shown in Table 1, the mean level of interest of female students in STEM subjects
and careers ranged from 3.22 (engineering) to 3.72 (science). The mean level of interest
among male students in STEM subjects and careers ranged from 3.43 (engineering) to
3.78 (technology). The results demonstrated a statistically significant discrepancy in stu-
dents’ career interest in science, technology, and engineering based on gender [science:
U (188) = 3718; p = 0.013; technology: U (188) = 3505; p = 0.012; engineering: U (188) = 3465;
p = 0.012]. Therefore, female students demonstrated a greater career interest in science
than male students. Conversely, male students exhibited a higher level of career interest in
engineering and technology than their female counterparts.

Table 1. Descriptive statistics (mean and standard deviation) and Mann-Whitney U test results for
discipline-specific subscales (pre-test).

Science Technology  Engineering Mathematics
Gender Female 3.72 (0.66) 3.56 (0.65) 3.22(0.72) 3.62 (0.67)
Male 3.47(0.74) 3.78 (0.67) 3.43 (0.89) 3.64 (0.68)
Statistic 3718 3505 3456 4367
Mann-Whitney U p 0.013* 0.012* 0.012 % 0.821
Effect Size r 0.366 0.213 0.212

* Statistically significant.

A statistically significant gender difference was also identified in all dimensions when
the questionnaire was analyzed in terms of the SCCT dimensions for each discipline-specific
subscale (Table 2). Specifically, male students exhibited higher personal goals, outcome
expectations and interests for engineering [U (188) = 3586; p = 0.019; U (188) = 3488§;
p =0.011; U (188) = 3305; p = 0.003] and technology [U (188) = 3720; p = 0.047; U (188) = 3285;
p =0.001; U (188) = 1377; p = 0.029] than female students. Additionally, male students
demonstrated higher self-efficacy for engineering than female students [U (188) = 3673;
p = 0.034], while female students exhibited higher contextual supports and personal inputs
for science [U (188) = 3488; p = 0.007; U (188) = 3712; p = 0.041].
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Table 2. Descriptive statistics (mean and standard deviation) and Mann-Whitney U test results for
SCCT dimensions (pre-test).

Science Technology Engineering Mathematics
Cend Female 4.00 (0.63) 3.88 (0.59) 3.18 (0.91) 3.75 (0.89)
ender Male 3.85 (0.69) 3.91 (0.78) 3.42 (1.01) 3.76 (0.83)
self-efficacy Statistic 3894 4218 3673 4449
Mann-Whitney U P 0.126 0.520 0.034 * 0.995
Effect Size r - - 0.175 -
Cend Female 3.83 (0.76) 3.71 (0.80) 3.06 (0.90) 3.87 (0.83)
ender Male 3.61 (0.75) 3.95 (0.82) 3.36 (1.09) 3.83 (0.79)
personal goals Statistic 3751 3720 3586 4275
Mann-Whitney U p 0.058 0.047 * 0.019 * 0.633
Effect Size r - 0.164 0.194 -
Cend Female 3.58 (0.92) 3.14 (1.08) 3.03 (1.13) 3.66 (0.83)
ender Male 3.48 (0.95) 3.65 (1.07) 3.43(1.22) 3.78 (0.88)
Outcome —
expectations Statistic 4281 3285 3488 4063
Mann-Whitney U p 0.646 0.001 * 0.011* 0.294
Effect Size r - 0.262 0.207 -
Cend Female 3.58 (0.99) 3.65 (0.74) 2.96 (1.04) 3.37 (0.98)
ender Male 3.32 (1.03) 3.95 (0.87) * 3.41(1.18) * 3.50 (0.95)
Interests Statistic 3855 1377 3305 4055
Mann-Whitney U P 0.109 0.029 * 0.003 * 0.287
Effect Size r - 0.228 0.249 -
Cend Female 3.54 (1.09) * 3.51 (1.08) 3.54 (1.03) 3.56 (0.97)
ender Male 3.09 (1.05) 3.50 (0.98) 3.41 (0.99) 3.27 (0.96)
contextual —
supports Statistic 3448 4353 4062 3730
Mann-Whitney U p 0.007 * 0.790 0.293 0.052
Effect Size r 0.226 - - -
Gender Female 3.87 (1.02) * 3.61 (1.01) 3.57 (0.99) 3.67 (1.06)
Male 3.43 (1.32) 3.79 (1.13) 3.62 (1.25) 3.51 (1.01)
Personal inputs Statistic 3712 3976 4098 4213
Mann-Whitney U p 0.041 * 0.187 0.327 0.509
Effect Size r 0.166 - - -

* Statistically significant.

4.2. Post-Test

According to Table 3, the mean level of interest of female students in STEM subjects
and careers, following the implementation of integrated STEM activities, ranged from 3.34
(engineering) to 3.74 (science). The mean level of interest among male students in STEM
subjects and careers ranged from 3.50 (science) to 3.83 (technology). There was a statistically
significant difference by gender in students’ career interest in science [U (188) = 3556;
p = 0.022], technology [U (188) = 3644; p = 0.032] and engineering [U (188) = 3582; p = 0.029].
Thus, following the implementation of STEM inquiry-based learning activities, the level
of interest of female students in science remained higher than that of male students. In
the field of engineering and technology, the interest level of male students continued to be
higher than that of female students.

A post-test analysis of the SCCT dimensions for each subject-specific subscale (Table 4)
revealed that the personal goals, outcome expectations, interests, contextual supports and
personal inputs dimensions continue to demonstrate statistically significant gender differ-
ences. On the other hand, there was no gender difference in the self-efficacy dimension.
More specifically, male students had higher outcome expectations and interests for engi-
neering [U (188) = 3535; p = 0.014; U (188) = 3446; p = 0.007] and technology [U (188) = 3414;
p =0.004; U (188) = 3266; p = 0.001] than girls. In addition, male students showed higher
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personal goals for engineering [U (188) = 3701; p = 0.043] than female students, while female
students continued to show higher contextual supports and personal inputs for science
[U (188) = 3456; p = 0.007; U (188) = 3739; p = 0.049].

Table 3. Descriptive statistics (mean and standard deviation) and Mann-Whitney U test results for
discipline-specific subscales (post-test).

Science Technology  Engineering Mathematics
Cend Female 3.74 (0.64) 3.63 (0.60) 3.34 (0.65) 3.68 (0.63)
ender Male 3.50 (0.71) 3.83 (0.61) 3.51 (0.84) 3.66 (0.64)
Statistic 3556 3644 3582 4359
Mann-Whitney U p 0.022 * 0.032 * 0.029 * 0.806
Effect Size 12 0.199 0.182 0.186

* Statistically significant.

Table 4. Descriptive statistics (mean and standard deviation) and Mann-Whitney U test results for
SCCT dimensions (post-test).

Science Technology Engineering Mathematics
Cend Female 4.02 (0.60) 3.89 (0.60) 3.25(0.91) 3.80 (0.79)
ender Male 3.85 (0.68) 3.96 (0.72) 3.46 (1.01) 3.78 (0.84)
self-efficacy Statistic 3864 4134 3782 4462
Mann-Whitney U p 0.108 0.381 0.06 0.945
Effect Size r
Cend Female 3.84 (0.75) 3.76 (0.78) 3.16 (0.87) 3.89 (0.80)
ender Male 3.67 (0.72) 3.98 (0.77) 342 (1.11)* 3.89 (0.77)
personal goals Statistic 3856 3807 3701 4379
Mann-Whitney U p 0.106 0.079 0.043 0.844
Effect Size r 0.169
Cend Female 3.60 (0.89) 3.19 (1.03) 3.26 (0.95) 3.68 (0.79)
ender Male 3.49 (0.94) 3.63 (1.01) * 3.59 (1.02) * 3.78 (0.86)
Outcome —
expectations Statistic 4271 3414 3535 4130
Mann-Whitney U p 0.626 0.004 0.014 0.384
Effect Size r 0.233 0.196
Cend Female 3.58 (0.97) 3.58 (0.68) 3.21 (0.84) 3.40 (0.91)
ender Male 3.35 (0.99) 3.93 (0.81) * 3.52 (0.99) * 3.57 (0.90)
Interests Statistic 3899 3266 3446 3903
Mann-Whitney U p 0.137 0.001 0.007 0.140
Effect Size r 0.266 0.226
Cond Female 3.57 (1.07) 3.63 (0.99) 3.66 (0.91) 3.59 (0.91)
ender Male 3.14 (1.02) 3.61 (0.89) 3.48 (0.92) 3.32(0.91)
contextual —
supports Statistic 3456 4348 3935 3752
Mann-Whitney U p 0.007 0.779 0.162 0.059
Effect Size r 0.223
Cend Female 3.93 (0.94) 3.71 (1.03) 3.62 (0.96) 3.72 (1.03)
ender Male 3.51 (1.28) 3.82 (1.10) 3.68 (1.19) 3.55 (1.18)
Personal inputs Statistic 3739 4073 4120 4184
Mann-Whitney U p 0.049 0.293 0.357 0.459
Effect Size r 0.1602

* Statistically significant.

4.3. Pre-Test Post-Test Comparison

A comparison of the pre-test and post-test means for female students” discipline-
specific STEM career interest, as determined by the Wilcoxon test, revealed a statistically
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significant difference in female students’ interest in mathematics [W (105) = 69.0; p = 0.002],
technology [W (105) = 26.5; p < 0.001] and engineering [W (105) = 26.5; p < 0.001] (see
Appendix A Table Al). It can, therefore, be said that female students’ interest in mathemat-
ics, engineering, and technology increased after the STEM inquiry-based learning activities.

A Wilcoxon test was also employed for the purpose of conducting a comparative
analysis of the female students’ pre-test and post-test results for each of the SCCT di-
mensions (see Appendix A Table A2). The results demonstrated statistically significant
differences across all dimensions. In particular, the data indicated that following the STEM
inquiry-based learning activities female students exhibited increased levels of self-efficacy
[W (105) = 36.0; p = 0.012], personal goals [W (105) = 55.0; p = 0.005], outcome expectations
[W (105) = 120; p = 0.001], interests [W (105) = 190; p = 0.001] and contextual supports
[W (105) = 117.5; p = 0.010] for engineering. Moreover, they demonstrated an enhanced
level of contextual support [W (105) = 94.5; p = 0.009] and personal input [W (105) = 45.0;
p = 0.005] for technology.

Regarding the male participants, the Wilcoxon test demonstrated a statistically sig-
nificant difference in their interest in science [W (83) = 13.5; p = 0.002] and engineer-
ing [W (83) = 8.00; p = 0.002] following the STEM inquiry-based learning activities (see
Appendix A Table A3). It can thus be posited that the level of interest in science and engi-
neering among male students increased following the implementation of STEM inquiry-
based learning activities. A Wilcoxon test was also used to conduct a comparative analysis
of the males’ pre- and post-test scores for each of the SCCT dimensions (see Appendix A
Table A4). The results showed statistically significant differences in personal goals, out-
come expectations and contextual supports. In particular, the data indicated that following
the STEM inquiry-based learning activities, male students exhibited increased levels of
personal goals [W (83) = 50.5; p = 0.008] for science, outcome expectations [W (83) = 34.50;
p = 0.011] for engineering and contextual supports [W (105) = 64.0; p = 0.003] for technology.

5. Discussion

The objective of this study was to evaluate the influence of STEM inquiry-based
learning activities on students’ interest in STEM subjects and careers, with a particular
focus on gender. The STEM-CIS pre- and post-tests were used to assess students’ interest
in STEM subjects and careers and to explore changes in the dimensions of the SCCT (self-
efficacy, outcome expectations, interests, goals, contextual supports and personal inputs).

Prior to the implementation of the STEM inquiry-based learning activities, the results
of the pre-test indicated the presence of gender-based differences in students’ interest in
STEM subjects and careers. These differences align with the global pattern previously
identified in the extant literature, suggesting that male students exhibit greater interest in
technology and engineering-related careers, while female students demonstrate a stronger
inclination towards science-oriented careers [10,13].

Upon analysis of the pre-test results in accordance with the dimensions of the SCCT,
it was discerned that in science, gender differences were observed in favor of female
students regarding the contextual supports and personal inputs dimensions. Conversely,
in the domain of technology and engineering, the gender differences were in favor of male
students. In the domain of technology, these differences were observed in the personal
goals, outcome expectations, and interest dimensions. In engineering, in addition to these
three dimensions, the self-efficacy dimension also demonstrated significant differences.
Gender differences in ability beliefs, particularly self-efficacy, are acknowledged as a
pivotal factor contributing to the STEM gender gap [36]. Research demonstrates that female
student’s self-efficacy in STEM fields is consistently lower than that of male students, even
though women often achieve higher levels of performance in these domains [7,45]. This
discrepancy may be attributed, at least in part, to the different ways in which male and
female students interpret information related to their academic performance [7]. Female
students’ interpretations related to their academic performance are shaped by a combination
of vicarious experience and social persuasion, including the influence of others’ judgments,
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feedback, and support. In contrast, male students” interpretations are more influenced by
personal mastery experiences [44,51].

Following the introduction of STEM inquiry-based learning activities, the results of the
post-test exhibited a similar pattern of interest in STEM careers as observed in the pre-test.
Gender differences persisted in science, in favor of female students, and in technology and en-
gineering, in favor of male students. However, post-test results analyses using the dimensions
of the SCCT showed that the initial gender difference in the self-efficacy dimension for engi-
neering (in favor of male students) was no longer statistically significant, and the same was
true for the personal goals dimension for technology. According to Bandura [16], self-efficacy
beliefs can be modified based on information derived from performance accomplishment,
the influence of others” judgments, feedback and support. This information shapes efficacy
beliefs by influencing an individual’s subjective interpretation of their performance on specific
tasks [16]. It can, therefore, be hypothesized that the successful and supported completion
of STEM inquiry-based learning activities by female students may have a positive effect on
their interpretation of their performance, which may, in turn, be associated with an increase
in self-efficacy beliefs for engineering and the setting of personal goals for technology. This
hypothesis is supported by the results of the comparison between the pre-test and post-test by
gender, which showed a significant increase in the interest of female students in technology
(higher scores on the dimensions of contextual supports and personal inputs than those ob-
served in the pre-test), engineering (higher scores on the dimensions of self-efficacy, outcome
expectations, interests, personal goals and contextual supports than those observed in the
pre-test) and mathematics careers. It can, therefore, be argued that the inclusion of STEM
inquiry-based learning activities increased female students’ interest in pursuing careers in
engineering, technology and mathematics, possibly because these activities provided them
with the necessary feedback and support, thereby giving them a sense of confidence in their
abilities to excel in STEM-related fields. This finding lends support to the notion that inquiry-
based pedagogical approaches may foster greater interest among students in STEM subjects,
enhance their engagement with STEM careers [24-26] and increase their self-efficacy [12].
Additionally, it is consistent with other research that indicates that the outcomes of students’
engagement in STEM are particularly significant for female students, who exhibit more pro-
nounced positive changes in both perceived ability and career aspirations compared to their
male counterparts [41].

Nevertheless, the implementation of STEM inquiry-based learning activities also
influenced male students’ interest in STEM careers. Following the introduction of these
activities, there was a significant increase in male students’ interest in engineering (higher
scores on the dimension of outcome expectations than those observed in the pre-test) and
science (higher scores on the dimensions of personal goals than those observed in the
pre-test) careers. Thus, the STEM inquiry-based learning activities not only stimulated
greater interest in subjects in which male students displayed less interest than their female
counterparts (science), but also in subjects in which male students exhibited greater interest
than their female counterparts (engineering). The SCCT provides an insight into this
phenomenon, suggesting that emerging interests give rise to intentions or goals that lead
to greater exposure to the activity, which in turn increases the likelihood that the student
will select and practice tasks in that domain [9]. This result underscores the importance of
promoting and sustaining students’ interest in STEM subjects and careers. Furthermore, a
consistent pattern emerges when analyzing the dimensions of the SCCT that favor male
students, both in the pre-test and post-test results. This pattern includes the dimensions of
interest and outcome expectations. Unlike female students, males’ decisions to pursue a
STEM career are not significantly influenced by their self-perceived ability to excel in STEM
areas; instead, their decision to pursue a particular program is primarily driven by their
interest in STEM subjects [36].

It was, therefore, evident that well-structured STEM inquiry-based learning activities,
which provided students with the opportunity to address a real-world problem by applying
their STEM knowledge and skills, were an effective method of fostering students” confi-
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dence in STEM fields and increasing their interest in pursuing STEM careers. The findings
of the present study provide evidence that progress can be made toward eliminating the
existing gender gap in interest in STEM careers. The implications of these findings for
attracting more female students into STEM are consistent with previous suggestions in the
literature and may facilitate more targeted interventions [5,6,44]. Central to this discussion
is the importance of STEM-specific self-efficacy and interest, together with other likely
mediators of gender differences in STEM careers (e.g., social influences). Such sugges-
tions may include various intervention strategies that have been shown to foster interest
in STEM fields and facilitate mastery experiences (such as hands-on and inquiry-based
approaches), expose female students to successful peer role models, and provide positive
goal-directed formative feedback. Additionally, educators must take action to expand
career opportunities for female students. This can be achieved by leveraging their cognitive
strengths, emphasizing effort over talent, and addressing the impact of male stereotypes,
misinformation, and barriers to career choices.

6. Conclusions

The objective of this study was to evaluate the influence of STEM inquiry-based
learning activities on students” interest in STEM subjects and careers, with a particular
focus on gender.

The STEM inquiry-based learning activities had no discernible impact on the gender
patterns of interest in STEM careers. However, they did succeed in increasing students’
interest in pursuing STEM careers. Furthermore, the STEM inquiry-based learning activities
were found to be particularly effective in enhancing STEM career interests among female
students. Following their participation in STEM activities, female students demonstrated
a significant increase in all SCCT dimensions, particularly in engineering. Additionally, no
gender disparities were observed in self-efficacy in STEM subjects, and the initial gender gap
in technology-related personal goals disappeared. Therefore, actively involving students in
authentic activities similar to those undertaken by professionals has great potential to build
students’ confidence in STEM fields and increase their interest in pursuing STEM careers.

These findings highlight the pivotal role of STEM education in fostering and maintain-
ing students’ interest in STEM careers. They also suggest the implementation of targeted
interventions designed to instill confidence in female students, thereby ensuring that they
possess the requisite skills to succeed in a STEM career.

However, it should be noted that the findings of this study are not necessarily representative
of the wider population, due to certain limitations inherent to the methodology employed.
Nevertheless, it offers some guidance for future research. The first limitation pertains to the
fact that the study involved only one group and a relatively small number of participants (190).
As the study design did not include a control group, it is not possible to attribute the observed
results exclusively to STEM inquiry-based learning activities. It is, therefore, recommended that
future studies adopt a quasi-experimental design with experimental and control groups, as well
as a larger number of participants. The second limitation concerns the sample of participants,
which only included volunteer students from three schools located in the same urban area of the
country. Consequently, the findings may not be representative of the secondary school student
population in Portugal. A further limitation is that the STEM inquiry-based learning activities
have a focus on science, particularly chemistry, were implemented by chemistry teachers, and
have a relatively short implementation period. This may have contributed to a bias toward
science (in particular, chemistry). It is possible that the results may reflect improvements or
engagement in science to a greater extent than holistic development in all STEM areas. As the
implementation period was relatively short (six 90 min lessons), it may not have been long
enough to observe long-term effects on students’ interest. In addition, the novelty effect may
have influenced students’ initial enthusiasm and engagement, which may not be sustained
over a longer period. It would be beneficial for future research to consider cross-curricular
activities, interdisciplinary teaching teams, and longer implementation periods to better assess
the sustainability and impact of these activities.
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Appendix A

Table A1l. Descriptive statistics (mean and standard deviation) and Wilcoxon W test results for female
students discipline-specific subscales (N = 106).

Science Technology Engineering Mathematics
pre 3.72(0.66) 3.56 (0.65) 3.22(0.73) 3.64 (0.68)
post 3.74 (0.64) 3.63 (0.60) 3.43 (0.65) 3.68 (0.63)
Statistic 155.5 26.5 26.5 69.0
p 0.040 <0.001 *2 <0.001 *P 0.002 *¢

* Statistically significant; #: 79 pairs of values were tied; b. 68 pairs of values were tied; ©: 78 pairs of values were tied.

Table A2. Descriptive statistics (mean and standard deviation) and Wilcoxon W test results for female
students SCCT dimensions (N = 106).

Science Technology Engineering Mathematics

pre 4.00 (0.60) 3.88 (0.59) 3.18 (0.91) 3.75 (0.89)

e post 4.02 (0.63) 3.89 (0.60) 3.25 (0.91) 3.80 (0.80)
self-efficacy Statistic 106.0 13.0 36.0 4462
P 0.349 0.665 0.012 *a 0.945

pre 3.83 (0.75) 3.71 (0.80) 3.06 (0.90) 3.87 (0.82)

ersonal goals post 3.84 (0.75) 3.76 (0.77) 3.16 (0.87) 3.89 (0.80)
P & Statistic 17.5 15.0 55.0 28.0
p 0.588 0.057 0.005 *P 0.164

pre 3.58 (0.93) 3.14 (1.08) 3.03 (1.13) 3.66 (0.84)

Outcome post 3.60 (0.89) 3.19 (1.03) 3.26 (0.95) 3.68 (0.80)
expectations Statistic 18.0 28.0 120.0 22.0
P 0.120 0.152 <0.001 *< 0.187

pre 3.58 (0.99) 3.65 (0.74) 3.03 (0.94) 3.37 (0.98)

I post 3.58 (0.98) 3.68 (0.71) 3.21 (0.84) 3.40 (0.91)
nterests Statistic 9.00 6.50 190.0 265
p 0.824 0.710 <0.001 *d 0.254

pre 3.54 (1.09) 3.51 (1.08) 3.54 (1.03) 3.56 (0.97)

contextual post 3.57 (1.07) 3.63 (0.99) 3.66 (0.91) 3.59 (0.91)
supports Statistic 15.0 94.5 1175 16.5
1% 0.053 0.009 *¢ 0.010 *f 0.242

pre 3.87 (1.02) 3.61 (1.02) 3.57 (0.99) 3.67 (1.06)

Personal post 3.93 (0.94) 3.71 (1.03) 3.62 (0.96) 3.72 (1.03)
inputs Statistic 10.0 45.0 29.0 15.0
P 0.098 0.005 *8 0.124 0.037

* Statistically significant; : 98 pairs of values were tied; P: 96 pairs of values were tied; ©: 91 pairs of values were
tied; 4: 87 pairs of values were tied; ¢: 92 pairs of values were tied; f.90 pairs of values were tied; 8: 97 pairs of
values were tied.
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Table A3. Descriptive statistics (mean and standard deviation) and Wilcoxon W test results for male
students discipline-specific subscales (N = 85).

Science Technology Engineering Mathematics
pre 3.47 (0.74) 3.78 (0.67) 3.43 (0.90) 3.62 (0.68)
post 3.50 (0.71) 3.83 (0.61) 3.51 (0.84) 3.66 (0.64)
Statistic 13.50 17.50 8.00 40.00
p 0.002 *@ 0.030 0.002 *P 0.087

* Statistically significant; ®: 66 pairs of values were tied; b. g7 pairs of values were tied.

Table A4. Descriptive statistics (mean and standard deviation) and Wilcoxon W test results for male
students SCCT dimensions (N = 85).

Science Technology Engineering Mathematics

pre 3.85 (0.69) 3.91(0.78) 3.42 (1.01) 3.76 (0.83)

o post 3.85 (0.68) 3.96 (0.72) 3.46 (1.02) 3.78 (0.84)
self-efficacy Statistic 480 9.00 15.00 25
14 0.442 0.101 0.027 0.283

pre 3.61 (0.75) 3.95 (0.83) 3.36 (1.09) 3.83 (0.79)

ersonal soals post 3.67 (0.72) 3.98 (0.77) 3.42(1.11) 3.89 (0.77)
b & Statistic 50.5 135 15.0 255
4 0.008 *2 0.064 0.027 0.029

pre 3.48 (0.94) 3.65 (1.07) 343 (1.22) 3.78 (0.88)

Outcome post 3.49 (0.95) 3.63 (1.02) 3.59 (1.02) 3.78 (0.94)
expectations Statistic 10.00 3.50 34.50 17.50
p 0.286 0.771 0.011 *P 0.558

pre 3.32 (1.03) 3.95 (0.87) 3.41 (1.01) 3.50 (0.95)

. post 3.35 (0.99) 3.93 (0.88) 3.52 (0.99) 3.57 (0.90)
nterests Statistic 10.00 0.00 57.5 22.0
4 0.044 0.977 0.016 0.099

pre 3.09 (1.05) 3.50 (0.98) 3.41 (0.99) 3.27 (0.96)

contextual post 3.14 (1.02) 3.61 (0.89) 3.48 (0.92) 3.32 (0.91)
supports Statistic 21.0 64.0 24.5 30.0
14 0.016 0.003 *< 0.043 0.049

pre 3.43(1.32) 3.79 (1.13) 3.62 (1.25) 3.51 (1.21)

Personal post 3.51 (1.28) 3.82 (1.10) 3.68 (1.19) 3.55 (1.18)
inputs Statistic 10.00 11.00 17.0 5.00
14 0.044 0.204 0.099 0.207

* Statistically significant; 2: 74 pairs of values were tied; P: 75 pairs of values were tied; : 73 pairs of values were tied.
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