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Self-Selection Bias of P-12 Engineering & Computing Activities for Female 

Pre-College Pupils (Fundamental Research, Diversity) 

Abstract 

Despite targeted interventions, female enrollment in engineering and computer science programs 

at German universities remains low. To address this disparity, P-12 engineering and computing 

activities, grounded in Bandura’s self-efficacy framework, have been implemented at 

Hochschule Bonn-Rhein-Sieg, University of Applied Sciences, Germany to empower female 

pre-college pupils through mastery experiences, vicarious learning, and stereotype reduction. 

However, longitudinal evaluations of these programs revealed minimal improvements in self-

efficacy and STEM-related gender stereotypes, as participants already exhibited high baseline 

values in these domains prior to engagement. This study investigates whether a self-selection 

bias exists among participants, hypothesizing that female pupils who voluntarily enroll in such 

activities differ systematically from the broader population in factors influencing STEM career 

choices. A comparative analysis was conducted between n = 38 P-12 participants (aged 10–13) 

and n = 19 demographically age-matched independent female pupils from a local school. 

Surveys assessed engineering & computing self-efficacy, STEM-related gender stereotypes, 

general technology interest, school self-efficacy, personal importance of school subjects, and 

role-model access. Results revealed significant medium-effect differences: P-12 participants 

demonstrated higher engineering self-efficacy (d = 0.68), weaker gender stereotypes favoring 

boys in technology (d = 0.66), and greater interest in technology (d = 0.73) compared to the 

school sample. Additionally, P-12 participants rated their academic competence in and personal 

importance of school subjects higher, despite similar role-model exposure. These findings 

confirm a self-selection bias, suggesting that existing recruitment strategies attract pupils already 

predisposed to STEM. This limits the generalizability of program outcomes and underscores the 

need for revised outreach to engage underrepresented groups. Practical implications include 

redesigning recruitment to target pupils with lower self-efficacy and stronger stereotypes. 

1. Introduction 

1.1. Background and Motivation 

The proportion of female students in classical engineering and computer science undergraduate 

degree programs at German universities remains disproportionately low. For example, at 

Hochschule Bonn-Rhein-Sieg (H-BRS) the proportion is on average below 12 % and differs only 

slightly between the offered degree programs Mechanical Engineering (6.8 %), Electrical 

Engineering (10.8 %), or Computer Science (13.9 %) [1]. An exception to this is Sustainable 

Engineering with 19.6 % female students [1], a newer degree program with societal references in 

its designation and associated marketing. This deficiency of female engineering and computer 

science students in Germany can be attributed to various reasons. Traditional gender- or 

engineering & computing stereotypes, lacking female role-models in computer science and 

engineering and low domain related self-efficacy are potential reasons resulting in the observed 

low rate of female engineering students in Germany. 

 



 

 

1.2. Structural factors in the choice of degree program 

In Germany, school attendance is free for public schools and compulsory until the age of 18 [2]. 

Thereby, the German school system is selective, as pupils are separated between different tracks 

of secondary schools based on their academic performance, but also permeable as the 

qualification to enroll in a German higher education institutions can be obtained in various ways 

within the German education system [3]. The range of higher education entrance qualifications 

(HEEQ) to German universities or universities of applied sciences includes direct tracks by 

graduating a Gymnasium (academic secondary school) to vocational training (depending on the 

type of university and its degree program). To address potential overcrowding at universities (of 

applied sciences) a numerus clausus based on GPA can be applied. However, as competition for 

places on engineering and computer science degree programs is not as fierce, there are usually no 

or only low GPA-thresholds. 

From a regional perspective, engineering and computer science undergraduate programs are 

widely available [4], particularly at universities of applied sciences, whose bachelor’s and 

master’s degrees are equivalent to those of universities from a legal perspective and in terms of 

qualification for a PhD-program. 

Public universities are tuition-free, only comparatively low social and student body contributions 

(approx. 350 Euro per semester) are to be paid typically including public transport, student union 

and student body contributions offering social, economic, and cultural support and participation 

opportunities. Additionally, governmental student financial aids in the form of loans and grants 

are offered depending on the parents’ income. 

In result, the selective school system, tuition fees, regional availability of programs, and numerus 

clausus do not appear to have a strong negative impact on the choice of degree program. 

1.3. Personal factors in the choice of degree program 

According to Bandura [5], self-efficacy (after appropriate skills and adequate incentives are 

given) is a major determinant of activity choice, expended effort and persistence against 

obstacles and aversive experiences. Although developed for research on behavioral change in 

therapeutic procedures to alter behavior, Bandura’s self-efficacy framework is generalizable 

beyond psychotherapy to other psychological phenomena involving behavioral choices and 

regulation of effort in activities having adverse effects. In the context of higher education, self-

efficacy is therefore a determining factor regarding choice of a specific degree program and how 

strongly the choice of a degree program is defended against obstacles. 

Bandura’s framework identifies 4 different sources to develop beneficial efficacy expectations. 

An enactive source is (1) performance accomplishments. It is based on personal mastery 

experiences in a specific domain. Success raises, repeated failures lower the efficacy 

expectations, especially if failures occur early in the development process. Once established, a 

domain specific self-efficacy can get generalized mostly to similar but also to substantially 

different activities. Less dependable as personal mastery experience and therefore resulting in 

weaker and more vulnerable self-efficacy is (2) vicarious experience by observing others’ 



 

 

performance accomplishment. However, observing others, e.g., peers or role-models, performing 

a task successfully, gives an example of what can be achieved if efforts are intensified and 

persist without the need to perform the tasks on one's own. With higher similarity with the 

observed models the beneficial impact rises. Observing various models with differing 

characteristics succeeding in the task is enhancing the effect on self-efficacy, too. Another 

mediated source is (3) verbal persuasion. Due to its ease and ready availability, it can be used in 

real tasks, e.g., to mobilize greater effort than without, or without a real task in purely discursive 

formats. Comparable to similarity with the observed model in vicarious experiences, the 

persuader's characteristics are an important factor, especially its credibility. The resulting self-

efficacy is weaker as in a personal mastery experience of a real task and can be extinguished by 

disconfirming experience. Especially in therapeutic sessions, the emotive source of focusing on 

one’s physiological states (source 4) has an informative function as it can deliver information 

about personal competency as it is partly used to judge one’s anxiety and vulnerability to stress. 

[5] 

1.4. Equal Opportunities Office and P12-activities at H-BRS 

1.4.1. Objective & mission statement 

To promote gender equality within German universities, Equal Opportunity Officers (EEOs) 

fulfill their obligatory mandate under the German Higher Education Act (e.g., § 24 HG NRW) 

and underlines the responsibility of universities to actively contribute to their gender equality 

mandate. They exercise their mandate to implement concrete measures to improve gender 

equality with their support, participation, and control function across all administrative decisions 

regarding personnel, social, and organizational measures at the university. Within the equality 

concept of H-BRS’s EEO, P12-acitivities are offered to female pre-college pupils to give them 

the chance to overcome structural, social, and personal barriers. 

The P12-activities at H-BRS are organized and carried out by staff of the Equal Opportunities 

Office with the aim of empowering female pupils especially in the fields of engineering and 

computer science and to raise the proportion for female enrollment and retention. Based on 

Bandura's self-efficacy framework [5], the activities are intentionally designed as corrective 

experiences to overcome self-debilitating expectations and to give female pupils the opportunity 

to discover their interest in computer science and engineering through practical experience with 

like-minded people. Main objective is to establish and enhance a domain specific self-efficacy 

through the experience of mastery in engineering and computing tasks, which favors the choice 

of these study programs. 

The offered activities range from one-day projects during school hours to one-week courses 

during the school vacations and are open to female pupils from the 5th grade onwards from all 

types of German secondary education schools. As successful performance is the primary vehicle 

of psychological change [5], activities contain different tasks for pupils of grade 5 to 7 and grade 

8 and above, to ensure an age-appropriate difficulty level. Too difficult tasks carry the risk of 

failing, resulting in reducing or even extinguishing prior self-efficacy values. Too easy tasks 



 

 

carry the risk of attributing success incorrectly to external factors, which would also be harmful 

for the development of self-efficacy. 

Important part of the activities’ design, offering efficacy-altering experiences, are direct and 

mediated experience sources for developing a domain specific self-experience according to 

Bandura’s framework (1977): 

• To provide an authentic experiential base, tasks cover, for example, soldering, CAD, 

microcontroller programming, electrical circuits, and game design. 

• Vacation activities take place directly on campus in seminar rooms and laboratories of 

the engineering and computer science departments in order to create as many authentic 

contextual factors, e.g., social, situational, and temporal circumstances, as possible. 

• To support social comparison, the activities are designed mono-educational for female 

pupils only. Additionally, the group setting gives multiple models in performing the task 

with a variety of further differing characteristics. 

• To reduce a potential attributional error, i.e., attributing success not to one’s own 

capabilities but to external factors, e.g., (task difficulty, fortuitous, or external aids), 

especially external aids are reduced to a minimum after implementing the needed 

capabilities needed for the task. 

The technical topics and, above all, the announcements of the courses are chosen and formulated 

in a gender sensitive way that they are attractive to female pupils. Experience shows that 

interdisciplinary, design, and creative aspects as well as socially relevant issues of engineering 

and computer science are emphasized. 

1.4.2. Example of an offered P12-activity 

A vacation course for female pupils in grades 5 to 7, described here as an example, brought 

together 10 participants for an introduction to CAD. Conducted over four consecutive days from 

9:00 AM to 1:00 PM, this program aimed to spark interest in technology and engineering among 

young female pupils through hands-on learning and practical applications.  

The course began with a team-building activity involving the online whisper post game “Gartic 

Phone”, helping the pupils to get to know each other while fostering a sense of community. This 

activity also served as a playful introduction to digital drawing challenges, highlighting the 

difficulty of freehand drawing on a computer. Through this exercise, pupils could better 

appreciate the advantages of CAD technology, particularly in terms of precision and the need for 

clear instructions when working with software and machines. 

To build familiarity with CAD, participants were introduced to two open-source software 

programs they could continue to use at home. Another program, FiloCAD, is not open-source but 

developed specifically for educational use and allowed the pupils to create vector files from pixel 

images. This software, connected to a hot-wire foam cutting machine, provided a simplified 

entry point without overwhelming users with complex features. The pupils learned the 

importance of adjusting machine settings for different materials, practicing their skills by 

creating and decorating foam models to emphasize the creative aspect of CAD design. 



 

 

Following this, pupils advanced to using Silhouette Studio, a more versatile program that 

introduced additional design functions. This software phase allowed participants to operate a 

vinyl cutter, further exploring digital fabrication. They selected either vinyl or heat-transfer foil, 

creating custom designs for objects or personal clothing items they brought to the workshop. 

The final project involved Inkscape, where pupils learned to create files for laser cutting. This 

task culminated in designing acrylic LED-lit lamps, engraved with their personalized designs and 

assembled as unique keepsakes. The laser is located in the university's machine hall and 

workshop, where students also work. The female pupils feel empowered to work with industrial 

machines and at the same time get to know students as close role-models.  

Throughout each session, the students enjoyed daily breakfasts and team-building activities, 

creating a friendly and relaxed atmosphere that distinguished the course experience from a 

typical school setting. This focus on collaboration and enjoyment was crucial in making the 

workshop an engaging and memorable holiday event, motivating students to explore further 

opportunities in technology and design. 

By the course’s end, each participant had gained practical experience in multiple CAD programs 

and fabrication machines, providing a comprehensive introduction to the digital manufacturing 

process. 

 

 

 

 
Figure 1 Pictures of P12-activity examples at H-BRS: A) technical drawing with Silhouette Studio with B) 

resulting folio-cut, C) laser-cut example with CAD file and D) hot-wire foam cutting example 

A B 

C D 



 

 

1.4.3. Evaluation of H-BRS’s P12-activities 

To quantify the impact of the P12-activities, a longitudinal, survey-based evaluation approach 

(for survey details see section 3. Methodology of this contribution) has been applied since 

October 2023. With pre-measurements taken directly at the participants’ arrival on the first day 

of a P12-activity and post-measurements as last task on the final day, the P12-acitivities’ impact 

on different variables that have a potential influence on the pupils’ decision to enroll in an 

engineering or computing degree program should be quantified. This approach does not only 

allow to observe the participants intra-individual development in these factors, but also to 

compare different activities. 

Deviating from the qualitative feedback on the activities from the participants, the sample of 

n = 85 female participants (Mage = 13.52 years, SDage = 1.59) across seven P12-activities at H-

BRS in 2023 and 2024, showed only in two of the compared variables (Table 1) a positive 

development, i.e., computer science related gender-stereotypes (d = 0.18) and general interest in 

technology (d = 0.15). Beyond that, this positive impact of the P12-activities remained below the 

threshold of a small effect [6]. The intended positive impact on engineering & computing self-

efficacy, a major objective of the offered activities, could not be observed from a statistical 

perspective. 

Table 1 

Evaluation of seven P12-activities at H-BRS between 2023 and 2024 on participants personal factors 

Variable Measurement Comparison 

 Pre Post 
t df p 

 M SD M SD 

STEM related gender-stereotypesa:        

Mathematics 3.36 0.90 3.42 0.79 0.27 50 .785 

Computer Science 2.69 0.92 2.85 0.87 -2.28 50 .027 

Technology 2.77 0.87 2.76 0.87 -0.47 50 .642 

General interest in technologya 3.31 0.94 3.49 0.94 -3.03 50 .004 

Engineering & computing self-efficacyb 3.99 0.62 3.93 0.76 0.74 50 .465 
Note. n = sample size. M = mean. SD = standard deviation. t = t-value of Yuen’s t-test for paired samples [7], [8], 

[9] with 20% trimming [10]. df = degrees of freedom. p = p-value. a n = 84. b n = 85. 
 

A closer look at the descriptives values offers a possible explanation for the unexpected results. 

Even prior participation in an offered P12-activity female pupils have high values in engineering 

and computing self-efficacy (M = 3.99, SD = 0.62, measured on 5-point Likert scale). Moreover, 

they show, based on one-sample t-tests, only slightly biased stereotypes in favor towards boys 

regarding computer science (t(83) = -3.09, p = .003, d = 0.34) and technology (t(83) = -2.39, 

p = .019, d = 0.26) and even a slightly biased stereotype in favor towards girls regarding 

mathematics (t(83) = 3.64, p < .001, d = 0.40). Although the stereotypes regarding these three 

domains are statistically significant, the magnitude of difference from a purely unbiased view is 

considered as small [6]. From this perspective, the female pupils already showed values that 

were intended to be achieved through the P12-activity before participating in the activity. 



 

 

2. Research Question 

From studies in the field of psychology, it is known that test subjects tend to participate in 

studies consistent to their needs and characteristic, which can result in biased results due to self-

selection [11]. Accordingly, the unexpected observations in the P12-acitivities’ evaluations led to 

the research question (RQ) of this contribution: 

RQ. Are the female students who choose to participate in H-BRS’s P12-activities subject to a 

self-selection bias? 

In this case their values in variables representing decision factors for choosing a degree program 

prior their participation would differ significantly from an independent sample of female pupils 

of the same age range. 

3. Methodology 

To answer the research question, this contribution relies on a cross-sectional study design 

utilizing a survey to capture different variables that have a potential influence on the pupils’ 

decision to enroll in an engineering or computing degree program. These variables will be 

compared between a sample of participants of H-BRS’s P12-acitivities and an independent 

school-sample of female pupils of the same age range. 

3.1. Survey description 

The survey covers seven variables, including item-batteries for the five psychological constructs 

(a) engineering & computing self-efficacy, (b) STEM related gender-stereotypes, (c) general 

interest in technology, (d) school self-efficacy, and (e) personal importance of school subjects. In 

addition, the two demographic variables (f) school grade the participants visit and (g) number of 

male and female STEM role-models were gathered. Survey instructions and items were 

formulated in German and in an age-appropriate way according to our target group recruited 

from middle-school. For better understanding of the items’ texts, the term STEM was explained 

below the survey items as “STEM refers to the subject and professional groups of science, 

technology, engineering, and mathematics”. 

To measure the construct of (a) engineering & computing self-efficacy, seven items were 

formulated based on established self-efficacy scales [12], [13], [14]. According to Bandura [5] 

efficacy expectations are domain specific and measured by formulating domain specific 

demands. For this, seven different age-appropriate items were formulated in the form of 

statements covering various aspects of engineering & computing, e.g., “I have the confidence 

that I can learn a lot about technology.”. From a self-report perspective, the participants rate their 

individual level of agreement with each statement based on a 5-point Likert-type response-scale 

(1= strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree). 

To determine the interindividual level in engineering & computing self-efficacy for each 

participant, the individual responses across the seven items are averaged. Based on the response 

scale, higher numerical values show higher interindividual level in engineering & computing 

self-efficacy. Three additional distractor-items relating general self-efficacy, e.g., “I have the 



 

 

confidence that I can work in a team.”, were added to the engineering & computing self-efficacy 

item-battery, to allow additional correlation and reliability analyses. 

The construct of (b) STEM related gender-stereotypes is measured with 3 items inspired by the 4 

item scale by Wolf and Brenning [15]. Instead of using the identical item formulation with a 

Likert-type response scale once for girls and once for boys, in this contribution a 5-point bi-polar 

rating scale with the anchors (1= boys to 5= girls) is used. For each of the three subject-matters 

mathematics, computer science, and technology, the participants were asked to give their 

personal perspective, if those subjects are typically preferred by girls or boys. Due to the 

bipolarity of the response scale, numerical values of 3 show no gender bias in the capabilities of 

men and women, while higher values than the scale mean of 3 show a bias towards women, 

respectively lower values show a gender bias towards men. 

General interest in technology (c) is measured with four self-report items, e.g., “I like reading 

about technology.”, covering the pupils’ attitudes and behaviors on a 5-point Likert-type 

response-scale (1= strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= 

strongly agree). To determine the interindividual level in the general interest in technology, the 

individual item-responses across the four items are averaged. Based on the response scale, higher 

numerical scale-mean-values show higher interest. 

The variables (d) school self-efficacy and (e) personal importance of school subjects share the 

same evaluation strategy using a list of 12 typical school subjects for German middle-schools 

(i.e., mathematics, physics, computer science, chemistry, biology, German, English, art, music, 

geography, history, and sports). In case of school domain related self-efficacy, the pupils were 

asked “What grade do you give yourself in the following subjects?” on a 6-point response scale 

covering the German pre-university grading system (1= very good to 6= inadequate (failed)). By 

grading themselves, the students self-attribute a competence level for each of these school 

subjects representing their school self-efficacy. In case of personal importance of school 

subjects, the pupils were asked “How important do you think the following school subjects are 

for your own future?” on a 5-point Likert-type scale (1= unimportant, 2= rather unimportant, 3= 

(not labeled), 4= rather important, 5= very important). During analyses, the first four school 

subjects of above were assigned to a subject-group labeled as “engineering & computing 

related”. The other eight subjects were assigned to a subject-group “others”. To determine the 

interindividual level in school self-efficacy and personal importance of school subjects, the 

individual item-responses across the engineering & computing related and other (not engineering 

& computing related) subjects were averaged. Based on the response scale, lower numerical 

mean-values show a higher level of school related self-efficacy, respectively lower personal 

importance for the subject group. This allows to compare the school self-efficacy and personal 

importance of the two subject-groups not only between the two samples but also within each 

sample. 

An item with a free text field response for (f) school grade the participants visit replaces in the 

school version of the survey the item with the explicit age of the participant in the P12-activity 

version of the survey due to privacy reasons. For the comparison of the school- and the P12-



 

 

activity-sample an age will be deduced from the school grade based on the typical age range per 

grade at German schools. 

With the single item “Please indicate the number of women and men in your family or closest 

circle of friends who work in a STEM field.”, the pupils were asked to state their number of male 

and female STEM role-models (g) with two free text fields, each one for men and women. 

3.2. Sample description 

The total sample of this contribution (N = 104) consists of two independent sub-samples, a 

school-sample of nSchool = 19 female pupils from a comprehensive school and a P12-activity-

sample of nP12,total = 85 females who participated in seven different P12-actitivites at H-BRS. 

The school-sample (nSchool = 19) was recruited from a comprehensive school in a small suburb of 

Cologne from 6th (n = 7) and 7th grade (n = 12). From this, an age range of minimum 10 to 

maximum 13 years can be deduced, although the pupils were not asked directly for their age due 

to privacy reasons. In general, the school’s catchment area shows a limited selection of 

secondary education schools, as the only alternative is one academic secondary school, which 

can only be chosen by pupils showing good academic performance. In result, the pupils of this 

comprehensive school typically show higher variability (with tendency to lower) of academic 

performance and a variety of social backgrounds. 

The total P12-activity-sample (nP12,total = 85) shows an average age of MP12,total = 13.52 years 

(SDP12,total = 1.59) with a minimum of 10 and a maximum of 18 years across seven activities at 

H-BRS in 2023 and 2024. In order to obtain a better fit with the school-sample for the planned 

statistical comparisons, the P12-activity sample was filtered according to the above-mentioned 

age range from 10 to 13 years. This resulted in a sub-sample of nP12,filtered = 38 in this age range 

with an average age of MP12,filtered = 12.18 years (SDP12,filtered = 1.14) across six different activities 

from October 2023 to July 2024. 

3.3. Data Analysis strategy 

The statistical analyses of this contribution were performed in jamovi [16]. Inferential statistical 

analyses were utilized conservatively by performing tests two-tailed. Two groups’ means were 

compared using Walrus-module [17] applying robust Yuen’s t-tests [7], [8], [9]. For dependent 

samples trimmed version, for independent samples trimmed and bootstrapped version was 

applied. A trimming factor of 20 % allows to eschew tests for normality while using 600 

bootstrap samples promise estimates with higher reliability [10]. 

As dataset’s missing data were unrelated to the observed and other values in the dataset, all 

missing data in the dataset could be classified as missing completely at random (MCAR). 

Accordingly, missing values were excluded from statistical analysis by pairwise deletion. 

Resulting differences in (sub-)sample sizes are reported for each variable and test. 

Originally, the survey was developed and already utilized to evaluate H-BRS’s P12-acitivities, 

especially their impact on the participants (see section 1.4.3 for details). To compare the P12-

acitivity-sample with an independent school-sample of the same age range, the P12-acitivity-



 

 

samples’ pre-measurement prior participation will be used as they are unbiased from a potential 

impact of the visited P12-activities. This allows to evaluate potential differences between the two 

samples and research potential biases due to the P12-activities participants’ self-selection to visit 

an engineering & computing related activity. 

4. Results 

Each of the measured variables (a) engineering & computing self-efficacy, (b) STEM related 

gender-stereotypes, (c) general interest in technology, (d) STEM role-models, (e) school self-

efficacy, and (f) personal importance of school subjects will be reported separately for each of 

the two samples in a first step, prior the samples’ values will be compared between the sample-

groups in a second analysis-step. 

4.1. STEM related gender-stereotypes 

Regarding the two subject-matters mathematics (MSchool,math = 3.53, SDSchool,math = 1.22, 

95% CISchool,math = [2.94, 4.11]) and computer science (MSchool,CS = 2.95, SDSchool,CS = 1.31, 

95% CISchool,CS = [2.32, 3.58]), the school-sample showed descriptive values close the scale-

midpoint of 3. This scale-midpoint represents an unbiased view without favor for any gender on 

the question if girls or boys typically prefer the two subject matters mathematics and computer 

science. In results, the 95% CIs for the means as well as not-significant one-sample t-tests (math: 

t(18) = 1.88, p = .076; CS: t(18) = -0.17, p = .863) show that the school-sample had a gender-

unbiased view on both subject-matters mathematics and computer science. 

In these two subject-matters the school sample is not systematically differing (math: 

tYuenBT = 1.24, p = .170 and CS: tYuenBT = 0.77, p = .410) from the P12-activity-sample gathered 

prior to the activities (MP12,math = 3.32, SDP12,math = 0.91; MP12,CS = 2.76, SDP12,CS = 1.01; n = 37). 

Figure 2 shows violine-plots for both group comparisons. 

 

     

Figure 2. Comparison of school- and P12-activity-sample regarding mathematics and computer science (CS) related 

gender-stereotypes 

 



 

 

Regarding the subject matter technology the school-sample (MSchool,tech = 1.74, SDSchool,tech = 0.81, 

95% CISchool,tech = [1.35, 2.13]) showed, based on the 95% CI and a one-sample t-test, a 

significant gender bias towards boys (t(18) = -6.83, p < .001). Additionally, the school-sample’s 

values show significant stronger gender bias towards boys compared to the comparable age 

group of female participants of P12-acitivies (M P12,tech = 2.95, SDP12,tech = 0.91, n = 37) at H-

BRS (tYuenBT = -3.78, p = .002, ξ = 0.66, 95% CI(ξ) = [0.41, 0.96]). This difference can be 

classified as a medium effect [6]. Figure 3 shows violine-plots for the group comparison. 

 

Figure 3. Comparison of school- and P12-activity-sample regarding technology related gender-stereotypes 

 

4.2. STEM role-models 

In general, the female pupils of both samples show a small amount of STEM role-models. While 

the school-sample shows a median number of male role-models of MdSchool,male = 2 and female 

role models of MdSchool,female = 1, the P12-activity-sample shows comparable medians of 

MdP12,male = 1 for male and MdP12,female = 1 for female role-models. Table 2 shows descriptive 

details for both samples regarding the variable male and female role-models in STEM field. 

Table 2 

Descriptive values of mixed 2x2-ANOVA across samples as between- and role-model gender as within-factor 

Role-model gender Sample n M SD Min Max 

Male school 18 2.50 2.66 0.00 9.00 

P12-activity 29 1.55 1.30 0.00 7.00 

Female school 18 3.22 5.49 0.00 20.00 

P12-activity 30 1.57 1.83 0.00 9.00 
Note. n = sample size. M = mean. SD = standard deviation. Min = minimum. Max = maximum. 

 

A mixed 2x2-ANOVA (Figure 4) with the number of male and female STEM role-models as 

within-factor and the two samples as between-factor shows that there is neither a significant 

difference in the number of male and female role-models (F(1, 45) = 0.90, p = .348), a 

significant difference of role-models between the two samples (F(1, 45) = 2.70, p = .107) nor a 



 

 

significant interaction between the gender of role models and the two samples (F(1, 45) = 0.74, 

p = .394). 

     

Figure 4. Descriptive interaction plots of estimated marginal means with 95% CI(EMM) of mixed 2x2-ANOVA 

across samples and role-model gender 

 

4.3. General interest in technology 

A reliability analysis of the four items across the total sample (n = 103) shows a good internal 

consistency of McDonald’s ω = .89 [18] as well as item-total-correlations [.72, .78] in the 

preferred range [19]. No improvements can be achieved by eliminating one of the four items. 

According to a robust t-test, the school-sample (M = 2.28, SD = 1.03) showed a significant lower 

interest in technology (tYuenBT = -4.41, p < .001, ξ = 0.73, 95% CI(ξ) = [0.38, 0.92]) than the P12-

activity-sample prior participation in a P12 activity (M = 3.59, SD = 0.93, n = 37). This 

difference can be classified as a medium effect [6]. Figure 5 visualizes the comparison with 

violin-plots. 

 

Figure 5. Comparison of school- and P12-activity-sample regarding general interest in technology 

 



 

 

4.4. Engineering & computing self-efficacy 

A reliability analysis of the seven items across the total sample (n = 104) shows a good internal 

consistency of McDonald’s ω = .85 [18] as well as item-total-correlations [.47, .75] in the 

preferred range [19]. No improvements can be achieved by eliminating one of the seven items. 

According to a robust t-test, the school-sample (M = 3.14, SD = 0.73) showed a significant lower 

level of engineering & computing self-efficacy (tYuenBT = -4.42, p = .002, ξ = 0.68, 95% 

CI(ξ) = [0.39, 0.90]) than the P12-activity-sample prior participation in a P12 activity (M = 4.06, 

SD = 0.72). This difference can be classified as a medium effect [6]. Figure 6 visualizes the 

comparison with violin-plots. 

 

 

Figure 6. Comparison of school- and P12-activity-sample regarding engineering & computing self-efficacy 

4.5. School self-efficacy 

To compare the two samples in the construct school self-efficacy, a mixed 2x2-ANOVA with the 

average self-rated grades of engineering & computing related STEM subjects and other school 

subjects as two levels of a within-factor and the two samples as between-factor was performed. 

Table 3 shows descriptive details for both samples regarding the two subject groups, while 

Figure 7 visualizes the two main effects and their interaction with descriptive interaction plots of 

estimated marginal means including their 95% confidence-intervals. 

 

 

 

 

 



 

 

Table 3 

Descriptive values of average self-rated subject grade for mixed 2x2-ANOVA across samples as between- and 

school subject-groups as within-factor 

Subject-group Sample n Average self-rated gradec 

   M SD 

Engineering & computing 

relateda 

School 19 2.75 0.77 

P12-activity 38 1.94 0.61 

Othersb School 19 2.03 0.52 

P12-activity 38 1.82 0.45 
Note. n = sample size. M = mean. SD = standard deviation. a mathematics, physics, computer science, and 

chemistry. b biology, German, English, art, music, geography, history, and sports. c German pre-university grading 

system: 1= very good, 2= good, 3= satisfactory, 4= sufficient, 5= deficient (fail). 

 

   

Figure 7. Descriptive interaction plots of estimated marginal means with 95% CI(EMM) of mixed 2x2-ANOVA 

across samples and school subject-groups regarding average self-rated subject grades 

 

The performed mixed 2x2-ANOVA shows a significant within-effect in the intra-individual 

competence self-attribution between the subject groups engineering & computing related STEM 

subjects and others (F(1, 55) = 34.47, p < .001, 𝜂𝑝
2 = .39). In result, the pupils across both 

samples rate their intra-individual competencies in engineering & computing related STEM 

school subjects in general significantly lower than in the group of other school subjects. This 

main-effect can be classified as a large effect [6]. 

The main-effect between the two samples is also significant (F(1, 55) = 12.45, p < .001, 

𝜂𝑝
2 = .18). In result, the school-sample rates their competence in school subjects in general 

significantly lower as the female pupils who plan to participate in a P12-activity. This main-

effect can be classified as a large effect [6]. 

Additionally, Figure 7 shows a significant ordinal interaction between the two subject groups and 

the two samples (F(1, 55) = 18.19, p < .001, 𝜂𝑝
2 = .25). This shows that pupils from the school 



 

 

sample rate their competence in engineering & computing related STEM subjects as lower than 

female pupils from the P12-acitivity sample, while both samples rate their competence in the 

other school subjects on a comparable level. This interaction-effect can be classified as a large 

effect [6]. 

4.6. Personal importance of school subjects 

To compare the two samples, a mixed 2x2-ANOVA with the personal importance of engineering 

& computing related STEM subjects and other school subjects as two levels of a within-factor 

and the two samples as between-factor was performed. Table 4 shows descriptive details for both 

samples regarding the two subject groups, while Figure 8 visualizes the two main effects and 

their interaction with descriptive interaction plots of estimated marginal means including their 

95% confidence-intervals. 

Table 4 

Descriptive values of personal importance of school subjects for mixed 2x2-ANOVA across samples as between- and 

school subject-groups as within-factor 

Subject-group Sample n Personal importance 

   M SD 

Engineering & computing 

relateda 

school 19 3.01 0.60 

P12-activity 38 3.56 0.86 

Othersb school 19 3.14 0.68 

P12-activity 38 3.34 0.63 
Note. n = sample size. M = mean. SD = standard deviation. a mathematics, physics, computer science, and 

chemistry. b biology, German, English, art, music, geography, history, and sports. 

 

   

Figure 8. Descriptive interaction plots of estimated marginal means with 95% CI(EMM) of mixed 2x2-ANOVA 

across samples and school subject-groups regarding personal importance of subjects 

 

The performed mixed 2x2-ANOVA shows no significant within-effect in the intra-individual 

importance between the subject groups engineering & computing related STEM subjects and 



 

 

others (F(1, 55) = 0.18, p = .677) as well as no significant interaction between the two subject 

groups and the two samples (F(1, 55) = 2.15, p = .148). 

However, the main-effect between the two samples (F(1, 55) = 5.30, p = .025, 𝜂𝑝
2 = .09) 

regarding self-reported importance of school subjects in general shows a significant difference 

between the female pupils in the school-sample and the P12-activity-sample. In result, the 

school-sample rates their personal importance of school subjects in general significantly lower as 

the female pupils who plan to participate in a P12-activity. This main-effect can be classified as a 

medium effect [6]. 

5. Discussion and Conclusion 

Based on unexpected results of the evaluation of P12-activities offered by H-BRS it was 

hypothesized that the female pupils who plan to participate in these activities are subject to a 

self-selection bias leading to the observed high values in engineering and computing self-efficacy 

and nearly unbiased gender stereotypes regarding the domains mathematics, computer science, 

and technology already prior participation. 

The comparison of the participants’ values prior their participation with an independent sample 

of female pupils from a local school of the same age range showed significant and meaningful 

differences between the two samples. Compared to the P12-activities-sample, the independent 

school-sample showed a medium effect of lower engineering & computing self-efficacy 

(ξ = 0.68), medium effect of stronger gender bias towards boys regarding the domain technology 

(ξ = 0.66), and a medium effect of lower general interest in technology (ξ = 0.73). Gender-

stereotypes regarding the domains mathematics and computer science did not differ. 

Furthermore, the school sample not only showed a large effect in lower self-rated competence in 

school subjects in general compared to the P12-activities-sample (𝜂𝑝
2 = .18). The extent of the 

lower competence self-attribution is even greater in STEM subjects related to engineering & 

computing compared to other subjects like languages, history, art, or sport (𝜂𝑝
2 = .25). The same 

applies to the school-sample’s rating of personal importance of school subjects in general, which 

shows a medium effect in lower values compared to the female pupils who plan to participate in 

a P12-activity (𝜂𝑝
2 = .09). The number of female or male STEM role-models did not differ within 

each of the two samples nor between them. In summary, these findings indicate a self-selection 

bias, the P12-activities participants are subject to. 

This leads to the practical implication that the self-selection bias must be considered when future 

P12-activities at H-BRS or their evaluations are planned, e.g. by modifying the recruitment 

strategies. Otherwise, empirical findings of P12-activities cannot be generalized to those parts of 

the population that do not have factor values leading to self-selection. Neither will the power of 

tests be high enough to find significant developments in crucial factors due to only typically 

small value-changes. The latter makes it difficult to assess the impact of the offered activities and 

to find the best way to support the target group with thriving opportunities of experiencing 

mastery to overcome external and especially internal barriers. 



 

 

Despite the limitation of having a small sample size in the school-sample (n = 19), significant 

and meaningful differences could be observed indicating a self-selection bias. Especially the 

small sample size should be addressed in future research to strengthen test-power. Furthermore, 

samples from different types of schools and age ranges would support external validity of the 

results. 

Concluding, with this contribution we want to invite to a discussion about finding the right 

recruitment strategies for P12-activities so that a more diverse group of pupils can benefit from 

the opportunities a P12-activity offers to them as well as empirical findings of such activities can 

get generalized. 
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