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ABSTRACT 

In Germany, secondary school students differ greatly in their science achievement, a 
dispersion that is far above the OECD average (Schiepe-Tiska, Rönnebeck, & 
Neumann, 2019). Immigrant students tend to be at the lower end of the scale in 
Germany – on average, they achieve substantially less well in science than non-
immigrant students (OECD, 2016d), which is partially due to the German school 
system (Zoido, 2013). These differences in achievement translate into 
underrepresentation of immigrants in science-related jobs in Germany (OECD, 2008). 
Achievement and career choices are closely intertwined with academic self-concept 
(for an overview see Marsh & Craven, 2006). Regarding science self-concept, the 
pattern that immigrant students tend to score lower is present in many countries (e.g. 
Riegle-Crumb, Moore, & Ramos-Wada, 2011). 

The goal of the present research project was to investigate these inequalities between 
immigrant and non-immigrant secondary school students. This was done focusing on 
secondary school students’ chemistry self-concepts. Chemistry self-concepts were 
focused on because achievement in chemistry is an important factor for careers in 
natural sciences (Cohen & Kelly, 2019). Research on chemistry self-concept has 
concentrated on young adults (e.g. Bauer, 2005; Xu & Lewis, 2011) and so little is 
known about secondary school students. Besides the impact of students’ migration 
background, the research project analyses the role that gender plays because gender 
has important effects on science self-concepts (e.g. Jurik, Gröschner, & Seidel, 2013; 
Riegle-Crumb et al., 2011; Wan & Lee, 2017).  

A big challenge in this context was that the prevailing methods in academic self-
concept research are prone to yield biased data (Byrne, 2002; Byrne et al., 2009). 
Although this was pointed out more than 15 years ago, the problem persists in science 
self-concept research. The present research project addresses this issue and presents a 
new mixed methods approach to culture-sensitive academic self-concept research. The 
term ‘culture’ is used in the sense of migration background, a concept that categorizes 
people’s migration histories in Germany. A combination of qualitative interview data 
and quantitative data permit an investigation of certain types of bias defined by Byrne 
and colleagues (2009). The pilot study operated with a chemistry self-concept 
questionnaire (N=116) and qualitative interviews (N=43). The main study was based 
on an extended questionnaire comprising several other scales (N=585) and deeper 
qualitative interviews (N=48). 

The hypotheses based on the literature were that in Germany, (h1) immigrant students 
would show more negative chemistry self-concepts than non-immigrant students. (h2) 
Female students would show more negative chemistry self-concepts than male 
students. The third hypothesis (h3) was that the home environment has an important 
impact on students’ chemistry self-concepts. The first two hypotheses (h1 and h2) 
were not confirmed. Gender and migration background did not show a significant 
effect on students’ chemistry self-concepts. Instead, gender relations differ depending 
on the students’ migration background. Among students without a migration 
background, boys tend to have stronger chemistry self-concepts than girls. In contrast, 
among students with a Turkish migration background, girls tend to have stronger 
chemistry self-concepts. Existing science self-concept literature did not explain this. 

Literature on gender relations in science in Turkey suggests that this interaction effect 
could be due to a more gender-neutral conception of science in Turkey. Slightly more 
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women than men work in science in Turkey (OECD, 2009a) and girls achieve 
substantially better (Batyra, 2017a, 2017b). According to the third hypothesis (h3), the 
gender conceptions in Turkey could potentially be transmitted to students with a 
Turkish migration background in the home environment, through their parents or 
other people.  

Science education literature did not provide a satisfying model for conceptualizing the 
influence of the home environment on students in the field of chemistry that would 
allow investigating the third hypothesis (h3). Therefore, the concept of chemistry 
capital was introduced based on the analysis of the interviews in the main study. 
Chemistry capital was developed based on the concept of science capital by Archer 
and colleagues (2015). Chemistry capital conceptualizes the resources a person 
possesses that have value in the field of chemistry. This encompasses social networks 
(e.g. knowing a chemist) as well as emotional and cognitive resources (e.g. attitudes 
towards chemistry and chemistry knowledge), and the engagement in chemistry-related 
activities. In particular, the concept allows analyzing the transmission processes of 
chemistry from the home environment to the individual student. 

The qualitative analyses in the main study showed that the chemistry capital home 
environment influences the students in the field of chemistry in multiple ways. This 
supports hypothesis 3 (h3). Further, the data suggest that structural inequalities in the 
German school system might foster differences in chemistry. Students who already 
possess little chemistry capital in their home environments are in addition found more 
often at the type of school (Hauptschule) in which the proportion of chemistry teachers 
who do not hold a university degree in chemistry is the highest, depriving these 
students of another possible source of chemistry capital. Vice versa, students who 
already possess a lot of chemistry capital in their home environments more often 
attend school types (Gymnasium, Realschule) where also more formally qualified 
chemistry teachers are available, thus potentially widening the gap. 

The mixed methods analysis in the main study suggested that a simple linear 
relationship between student chemistry self-concept and chemistry capital in the home 
environment does not exist. A study based on quantitative (or mixed methods) 
analyses of data of a larger sample on chemistry capital in the home environment and 
students’ chemistry self-concepts could provide further insights. It is not yet clear if 
the third hypothesis (h3) is true. 

To sum up, the present research project thus advances the field of chemistry education 
in three regards: (i) it provides an approach to culture-sensitive academic self-concept. 
This approach proved to increase both the validity and the explanatory power of 
chemistry self-concept research. It is not chemistry-specific and can, thus, be used in 
other areas of research as well. (ii) The research discovered an interaction effect of 
gender and migration background on chemistry self-concept that was unknown in 
science education literature. (iii) It introduces and defines the concept of chemistry 
capital which permits to analyze chemistry education from a sociocultural perspective. 
Employing the concept of chemistry capital helps to shift the focus from the individual 
student to the resources a student possesses in the sociocultural context that help him 
or her succeed in the field of chemistry. This allows uncovering social inequalities in 
the field that need to be addressed in educational policy. Moreover, it can inspire 
intervention studies and application-focused research (e.g. approaches to culture-
sensitive chemistry teaching). 
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ZUSAMMENFASSUNG 

Schülerinnen und Schüler in Deutschland unterscheiden sich immens in ihren 
Leistungen in den Naturwissenschaften, eine deutlich breitere Streuung als im OECD-
Mittel (Schiepe-Tiska et al., 2019). Schülerinnen und Schüler mit 
Migrationshintergrund befinden sich in Deutschland tendenziell am unteren Ende der 
Leistungsskala – im Durchschnitt zeigen sie erheblich schlechtere Leistungen in den 
Naturwissenschaften als Schülerinnen und Schüler ohne Migrationshintergrund 
(OECD, 2016d). Dies scheint zu einem Teil dem deutschen Schulsystem geschuldet 
(Zoido, 2013). Diese Leistungsunterschiede in den Naturwissenschaften schlagen sich 
auf dem Arbeitsmarkt nieder: In Deutschland sind Personen mit 
Migrationshintergrund in naturwissenschaftsnahen Berufen unterrepräsentiert 
(OECD, 2008). Leistungen und Berufswahl sind eng mit akademischen 
Selbstkonzepten verwoben (for an overview see Marsh & Craven, 2006). Und auch 
hier zeigt sich, dass Schülerinnen und Schüler mit Migrationshintergrund in vielen 
Ländern schwächere naturwissenschaftliche Selbstkonzepte haben (e.g. Riegle-Crumb 
et al., 2011). 

Ziel des vorliegenden Forschungsprojekts war es, diese Ungleichheiten zwischen 
Schülerinnen und Schülern der Sekundarstufe zu untersuchen. Hierzu wurden ihre 
Selbstkonzepte analysiert, mit besonderem Fokus auf den Aspekt des 
Migrationshintergrunds. Genauer gesagt wurden Chemie-Selbstkonzepte untersucht, 
da Leistungen in diesem Fach eine Gatekeeper-Funktion für naturwissenschaftliche 
Karrieren besitzen (Cohen & Kelly, 2019). Die Forschung über Chemie-
Selbstkonzepte hat sich in der Vergangenheit auf junge Erwachsene beschränkt (e.g. 
Bauer, 2005; Xu & Lewis, 2011), weshalb wenig über die Chemie-Selbstkonzepte von 
Schülerinnen und Schülern der Sekundarstufe bekannt ist. Neben dem 
Migrationshintergrund wird auch Gender als Variable betrachtet, da Gender 
bedeutenden Einfluss auf naturwissenschaftliche Selbstkonzepte ausübt (e.g. Jurik et 
al., 2013; Riegle-Crumb et al., 2011; Wan & Lee, 2017). 

In diesem Kontext stellte sich die große Herausforderung, dass die vorherrschenden 
Methoden in der Forschung zu akademischen Selbstkonzepte möglicherweise 
verzerrte Daten liefern (Byrne, 2002; Byrne et al., 2009). Obwohl diese Problematik 
schon vor über 15 Jahren thematisiert wurde, besteht es in der naturwissenschaftlichen 
Selbstkonzeptforschung bis heute fort. Das vorliegende Forschungsprojekt befasst 
sich mit diesem Problem und legt einen neuen Forschungsansatz für kultursensible 
akademische Selbstkonzeptforschung im Mixed-Methods-Design vor. Der Begriff der 
‚Kultur’ wird hier im Sinne des Migrationshintergrunds genutzt, ein Konzept, mit dem 
sich die Migrationsgeschichten der Menschen in Deutschland kategorisieren lassen. 
Die Kombination aus qualitativen Interviewdaten und quantitativen Daten ermöglicht 
es, einige der Arten von Verzerrungen zu detektieren, die von Byrne und Kollegen 
(2009) definiert wurden. In der Pilotstudie wurden Daten mittels eines Fragebogens 
zum Chemie-Selbstkonzept (N=116) sowie qualitativer Interviews erhoben (N=43). 
Die Hauptstudie basiert auf Fragebogen (N=585), der einige weitere Skalen umfasst, 
sowie qualitativen Interviews (N=48). 

Aus der Literatur wurden folgende Hypothesen abgeleitet: (h1) Schülerinnen und 
Schüler mit Migrationshintergrund zeigen vermutlich schwächere Chemie-
Selbstkonzepte als solche ohne Migrationshintergrund. (h2) Weibliche Schülerinnen 
zeigen vermutlich schwächere Chemie-Selbstkonzepte als männliche Schüler. (h3) Das 
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häusliche Umfeld übt vermutlich einen bedeutenden Einfluss auf die Chemie-
Selbstkonzepte der Schülerinnen und Schüler aus. Die ersten beiden Hypothesen (h1 
und h2) bestätigten sich nicht. Gender und Migrationshintergrund zeigten keine 
signifikanten Effekte auf die Chemie-Selbstkonzepte der Schülerinnen und Schüler. 
Stattdessen zeigte sich, dass die Geschlechterverhältnisse von den 
Migrationshintergründen der Schülerinnen und Schüler abhängen. Bei den 
Schülerinnen und Schülern ohne Migrationshintergrund haben Jungen tendenziell 
stärkere Chemie-Selbstkonzepte als Mädchen. Im Gegensatz hierzu zeigen bei den 
Schülerinnen und Schülern mit türkischem Migrationshintergrund die Mädchen 
tendenziell stärkere Chemie-Selbstkonzepte als die Jungen. Die bestehende Forschung 
zu naturwissenschaftlichen Selbstkonzepten vermochte diese Befunde nicht zu 
erklären.  

Literatur über die Geschlechterverhältnisse in den Naturwissenschaften in der Türkei 
legt die Vermutung nahe, dass dieser Interaktionseffekt auf einem stärker 
genderneutralen Konzept der Naturwissenschaften in der Türkei beruhen könnte. In 
der Türkei arbeiten etwas mehr Frauen als Männer in naturwissenschaftlichen Berufen 
(OECD, 2009a) und Mädchen zeigen deutlich bessere Leistungen in 
Naturwissenschaften (Batyra, 2017a, 2017b). Nach der dritten Hypothese (h3) 
könnten diese Gender-Konzepte möglicherweise durch das häusliche Umfeld, also 
durch Eltern oder andere wichtige Bezugspersonen an die Schülerinnen und Schüler 
mit türkischem Migrationshintergrund weitergetragen werden. 

Die naturwissenschaftsdidaktische Literatur hielt kein zufriedenstellendes Modell 
bereit zur Konzeptualisierung des Einflusses des häuslichen Umfelds auf die 
Schülerinnen und Schüler im Feld der Chemie und somit zur Untersuchung der dritten 
Hypothese (h3). Aus diesem Grund wurde im vorliegenden Forschungsprojekt das 
Konzept des chemistry capital entwickelt und in die Forschungsliteratur eingeführt. 
Chemistry capital basiert auf der Forschung zu science capital nach Archer und Kollegen 
(2015). Chemistry capital konzeptualisiert die Ressourcen einer Person, die im Feld der 
Chemie Wert haben. Dies umfasst soziale Netzwerke (z. B. Kontakt zu einer 
Chemikerin/einem Chemiker), emotionale und kognitive Ressourcen (z. B. Chemie-
Wissen und Einstellung gegenüber Chemie) sowie chemiebezogene Aktivitäten. 

Die qualitativen Analysen zeigten, dass das chemistry capital im häuslichen Umfeld die 
Schülerinnen und Schüler im Feld der Chemie auf vielfältige Weise beeinflusst. Dies 
unterstützt Hypothese 3 (h3). Weiterhin legen die Daten die Vermutung nahe, dass 
strukturelle Ungleichheiten im deutschen Schulsystem die Unterschiede in Chemie 
verstärken. Schülerinnen und Schüler mit wenig chemistry capital in ihrem häuslichen 
Umfeld besuchen tendenziell Schulen, in denen der Anteil an fachfremden 
Chemielehrkräften besonders hoch ist. Hierdurch wird diesen Schülerinnen und 
Schülern eine wichtige Quelle von chemistry capital vorenthalten. Im Gegensatz hierzu 
scheinen die Schülerinnen und Schüler, die bereits in ihrem häuslichen Umfeld über 
chemistry capital verfügen, tendenziell Schulen zu besuchen, in denen Chemie fast 
ausschließlich durch Fachlehrkräfte unterrichtet wird.  

Die Mixed-Methods-Analyse in der Hauptstudie legte die Vermutung nahe, dass 
zwischen Chemie-Selbstkonzept der Schülerinnen und Schüler und chemistry capital im 
häuslichen Umfeld kein linearer Zusammenhang besteht. Eine Studie mit größerem 
Stichprobenumfang basierend auf quantitativen (oder Mixed-Methods-) Analysen von 
chemistry capital im häuslichen Umfeld und Chemie-Selbstkonzept könnte tiefere 
Einblicke bieten. Es ist derzeit noch unklar, ob die dritte Hypothese (h3) wahr ist. 



1|INTRODUCTION 

 xi 

Das vorliegende Forschungsprojekt treibt die chemie- und naturwissenschafts-
didaktische Forschung also in dreifacher Hinsicht voran: (i) Es legt einen Ansatz für 
kultursensible Erforschung akademischer Selbstkonzepte vor. Dieser Ansatz 
verbesserte sowohl die Validität als auch die Erklärungskraft der Chemie-
Selbstkonzeptforschung. Er ist nicht chemiespezifisch und kann daher in anderen 
Bereichen der Selbstkonzeptforschung genutzt werden. (ii) Ein Interaktionseffekt von 
Gender und Migrationshintergrund wurde entdeckt, der in der Literatur zuvor noch 
nicht beschrieben wurde. (iii) Das Konzept des chemistry capital wurde definiert und in 
die Literatur eingeführt. Es ermöglicht Analysen des Chemielernens aus einer 
soziokulturellen Perspektive. Der Fokus verschiebt sich von den individuellen 
Schülerinnen und Schülern hin zu den Ressourcen, über die eine Schülerin oder ein 
Schüler in seinem oder ihrem sozikulturellen Kontext verfügt und die sie oder ihn im 
Feld der Chemie unterstützen. Dies erlaubt es, soziale Ungleichheiten in dem Feld 
aufzudecken, mit denen sich die Bildungspolitik befassen muss. Weiterhin birgt 
chemistry capital das Potential, Interventionsstudien und anwendungsorientierte 
Forschung (z. B. Ansätze zu kultursensiblem Chemieunterricht) zu inspirieren. 
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In Germany, immigrant students achieve substantially less well in science than non-
immigrant students in secondary school (OECD, 2016d)1. In PISA 2015, this 
difference between immigrant and non-immigrant students was 72 points 
corresponding to about two school years, which is a far larger gap than the OECD 
average (OECD, 2016d). Gaps in achievement seem to depend on the national school 
system which has been shown in other areas of academic performance, for instance in 
reading performance: 

Immigrant students from Turkey living in the Netherlands score 45 points below the 
OECD average, those in Belgium, Denmark, Germany and Switzerland score between 
70 and 80 points below average, and Turkish students in Austria score 115 points below 
the OECD average. (Zoido, 2013, p. 2) 

In addition to the achievement gap in science, immigrant students are by far less likely 
to expect a career in science (OECD, 2016b), they tend to show lower science 
aspirations (DeWitt & Archer, 2015), and some groups are in fact underrepresented 
on the job market in science (OECD, 2008). These inequalities are devastating and 
could reflect structural deficits in the German school system.  

These social phenomena are closely intertwined with the mental construct of academic 
self-concept which is a person’s perception of his or her abilities in an academic 
domain (Shavelson, Hubner, & Stanton, 1976). Science self-concepts are strongly 
associated with achievement in science (e.g. Chiu, 2008; Yeung et al., 2010), they shape 
students’ choices for or against science-related careers (e.g. Eccles & Wang, 2016; 
Taskinen, Schütte, & Prenzel, 2013), and are thus key factors in science education. 
Students with positive beliefs about their abilities in science tend to achieve better and 
to aspire science-related careers more strongly than students with negative beliefs 
about their abilities. This means that science self-concepts have a huge impact on 
important decisions in young peoples’ lives. Further, self-concept seems to reflect 
social disparities in science. It differs between students of different ethnicities and 
cultural backgrounds, with students belonging to a country’s dominant ethnicity 
tending to show stronger science self-concepts than students belonging to non-
dominant ethnic groups (e.g. Riegle-Crumb et al., 2011). Also, it has been shown that 
science self-concepts are strongly gendered with girls tending to show weaker science 
self-concepts than boys (e.g. Jansen, Schroeders, & Lüdtke, 2014). Since gender is a 
cultural construct, this suggests that the students’ cultural background plays a crucial 
role in the formation of science self-concepts. Science self-concept research could, 
therefore, be interesting for understanding the mechanisms through which social 
inequalities are (re-)produced in the field of science. Moreover, science self-concept 
research could guide the development of ideas on how to change this. 

Combined efforts in research and teaching practice are needed to adapt science 
education in secondary schools to the situation of young immigrants. In both research 
and teaching practice, foundational work is still missing. Some teaching approaches 
for culture-sensitive science teaching have been developed (e.g. for First Nations in 

 
1 The references for this first part of the dissertation, in which the research project is briefly 
summarized, can be found on pages 69-83. After this, the articles that constitute the basis of this 
dissertation can be found. The references for the articles are included following each article. 
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North America, Aikenhead, 1997; for the UK, Essex, 2016; for Germany, 
Rüschenpöhler & Baginski, accepted; Tajmel, 2017; for Tanzania, Wandela, 2014). 
However, not much concrete teaching material for culture-sensitive science teaching 
is available. This would be needed to develop approaches for teaching science in 
Germany in ways that would provide adequate learning opportunities allowing all 
students to achieve well, irrespective of their cultural background and migration 
history. Further, research methods in many fields are not adapted to investigations in 
cultural diversity and are prone to bias (Byrne, 2002; Byrne et al., 2009; van de Vijver 
& Poortinga, 2005). Since the term of ‘culture’ is very complex and can refer to a 
multitude of entities (for an overview see Sewell, 1999), in the present work, the focus 
is narrowed down to ‘migration backgrounds’ which is used in the German context to 
conceptualize a person’s migration history, taking into account the person’s nationality, 
the parents’ places of birth and other factors (Statistisches Bundesamt, 2013). 

The present work provides a research perspective on the situation of immigrant 
students in science education. The focus is laid on chemistry self-concept, which has 
been described as being a gate-keeper for careers in science because it predicts drop-
out rates in science degrees at the post-secondary level (Cohen & Kelly, 2019). Despite 
its central role, self-concept in chemistry tends to be less well understood than the self-
concepts in other science subjects (article 3, see appendix; Rüschenpöhler & Markic, 
2020a). In particular, it is currently unclear how students’ cultural backgrounds shape 
their chemistry self-concepts. This knowledge would give insights into whether social 
inequalities impact chemistry learning in Germany and if so, in what ways. 

The investigation is composed of (i) a literature review which investigates the blind 
spots in science self-concept research, (ii) conceptual parts (the development of a 
research approach and of an analytical perspective for culture-sensitive academic self-
concept research), and (iii) an empirical investigation of the chemistry self-concepts of 
secondary school students with different cultural backgrounds living in Germany. Due 
to the novelty of the research approach, this work is partly explorative and aims to lay 
foundations for more research in chemistry education that can be culture-sensitive. 
Five articles constitute the basis of this work (for an overview, see fig. 1; the articles 
can be found in the appendix).  

Article 1 (see appendix; Rüschenpöhler & Markic, 2019a). The first article provides a 
systematic literature review of self-concept research in science and technology 
education 1997-2017. Due to the close relations in research in science and technology 
education (through constructs such as STEM and STEAM), both fields are considered. 
Three aspects are focused on in the analysis: the theoretical foundations of science and 
technology self-concept research, its main findings and the methods used. One central 
finding in this study is that methodological difficulties in science and technology self-
concept research are not adequately addressed: almost exclusively quantitative 
methods are used. These are known to be prone to produce biased results in self-
concept research (Byrne, 2002; Byrne et al., 2009; van de Vijver & Poortinga, 2005). 

Article 2 (see appendix; Rüschenpöhler & Markic, 2019b; see also, 2017, 2018a, 2018b). 
Based on this knowledge, a mixed methods approach to culture-sensitive academic 
self-concept research is proposed in the second article to address the methodological 
issues. This approach explores the potential of Hattie’s (2008) model of the self in 
combination with research using the established self-concept models by Shavelson and 
Marsh (Marsh, 1986; Marsh & Shavelson, 1985; Shavelson et al., 1976). Besides this 
conceptual work, a pilot study was conducted to test the potential of this approach 
and to gain first insights into the chemistry self-concepts of secondary school students 
in Germany. The pilot study shows that the mixed methods approach allows reflecting 
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on measurement bias and that it fosters investigations that try to understand the 
cultural embeddedness of self-concept. Further, the data suggest that in Germany, an 
interaction effect of gender and cultural background seems to shape the chemistry self-
concepts of secondary school students, a finding that had not been documented 
previously and that has the potential to change the way the gender gap in science is 
looked at. Among students without a migration background, boys tend to have more 
positive self-concepts in chemistry than girls. In the group of students with a Turkish 
migration background, in contrast, the girls tend to have more positive chemistry self-
concepts. This difference in gender relations could possibly be explained with a 
different association of chemistry with masculinity. The literature suggests that in 
different countries, the associations of chemistry with masculinity in the Turkish 
society differ and that these concepts of chemistry might be passed on from parents 
to their children. These concepts of the relation chemistry–masculinity present in the 
families could cause the difference in gender relations between students of different 
cultural backgrounds. The analyses in this first pilot study are based on a small sample 
and the results, therefore, require stronger empirical evidence.  

Article 3 (see appendix; Rüschenpöhler & Markic, 2020a; see also Rüschenpöhler & 
Markic, 2019c). In order to provide a stronger empirical basis for the findings from 
the pilot study, the main study was designed which is presented in three separate 
articles (3-5). Its purpose was to test the hypotheses stemming from the pilot study. In 
the first step, a quantitative analysis of the effects of cultural background and gender 
on chemistry self-concept was conducted using a larger sample than in the pilot study 

Figure 1. Overview of the articles this dissertation is based on. Quantitative analyses are symbolized with 
yellow color, qualitative analyses with blue color. 
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(article 3). The results of this analysis confirm the finding from the pilot study that an 
interaction effect of gender and culture impacts the chemistry self-concept of 
secondary school students in Germany. 

Article 4 (see appendix; Rüschenpöhler & Markic, 2020b). In article 4, the results of a 
qualitative analysis of interviews from the main study are presented. The interviews 
were conducted with some of the students who participated in the quantitative part of 
the main study. Based on the assumption that families might play a role in the 
formation of students’ chemistry self-concepts, the interviews focus on the role 
chemistry plays in the students’ lives at home, at school, and in their private lives. In 
this study, the concept of chemistry capital is developed based on science capital 
literature. The study shows mechanisms through which the home environment2 
influences on the students’ individual connections with chemistry. The concept of 
chemistry capital serves as an analytic lens for analyzing concrete processes through 
which social inequalities are (re-)produced in chemistry education. 

Article 5 (see appendix; Rüschenpöhler & Markic, 2020c). The last article examines the 
hypothesis that the chemistry capital in the students’ home environments influences 
their chemistry self-concepts. While in article 4, the concept of chemistry capital was 
established as such, the last article investigates the relation between the new concept 
of chemistry capital and self-concept. This is done in a mixed methods analysis, based 
on the quantitative data that were analyzed in article 3 and the qualitative data that 
were analyzed in article 4. This last article is based on the finding from the pilot study 
and the first parts of the main study that gender relations in chemistry self-concept 
depend on students’ cultural backgrounds. However, this study did not reveal a clear 
relation in quantitative terms between chemistry self-concept and chemistry capital. 
This could be due to methodological limitations this study faces. The present research 
project presents the first investigation of chemistry capital and is, therefore, limited in 
sample size. Several alternative explanations are discussed in article 5 as well. 

  

 
2 Throughout this work, the term ‘home environment’ is used to describe the private space in which 
the students live, be it with their parents, other principal caregivers, friends, relatives or in other 
surroundings. This term is employed to account for the fact that not all students live with their 
parents. 
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Although the chemistry self-concepts of young adults have been investigated in some 
studies (Bauer, 2005, 2008; Xu & Lewis, 2011), secondary school students’ chemistry 
self-concepts have received little attention in research. Therefore, the present 
theoretical background is not limited to chemistry self-concept but presents the 
current state of research on secondary school students’ science self-concepts. To this 
purpose, a systematic literature review was conducted (article 1, see appendix; 
Rüschenpöhler & Markic, 2019a) with the goal to analyze (i) the theoretical concepts 
referred to in science self-concept research and to provide an overview of (ii) the 
employed research methods and of (iii) key findings. Due to the overlap between 
science and technology self-concept research such as in the research on STEM, both 
fields were considered in the review. A selection of 74 peer-reviewed journal articles 
published between 1998 and June 2017 indexed in the ERIC database was considered. 
The method for the selection of the literature and the analysis procedure are described 
in more detail in article 1 (see appendix; Rüschenpöhler & Markic, 2019a). In addition 
to the literature reviewed in the first article, this section considers science self-concept 
literature from the years 2017-2019 in order to map the latest advances and trends in 
this field. 

This section starts with a description of a methodological problem in academic self-
concept research that seems to have received no attention in science self-concept 
research and that currently remains unresolved (chapter 2.1). Against the backdrop of 
this issue, the theoretical foundations of science self-concept research are critically 
scrutinized (chapter 2.2). The last section of this chapter summarizes central findings 
about science self-concept (chapter 2.3). 

2.1 The lack of culture-sensitivity in current academic self-concept research 

Academic self-concept research in its present form is insufficiently adapted to the 
cultural diversity in which research takes place (Byrne, 2002). The data type used in 
academic self-concept research is prone to bias: quantitative data from self-report 
items of the Likert type are being used almost exclusively which creates severe 
measurement difficulties because the measures might not be equivalent across cultures 
(Byrne, 2002). This has been argued by leading academic self-concept researchers in 
educational psychology more than ten years ago (Byrne, 2002; Byrne et al., 2009; van 
de Vijver & Poortinga, 2005). However, not much seems to have changed in science 
self-concept research where investigations are still mostly based on exactly this data 
type. Around 90 % of the studies about science self-concept are based exclusively on 
quantitative data from self-report instruments with Likert items. The remaining 10 % 
mostly use a mixed methods design (article 1, see appendix; Rüschenpöhler & Markic, 
2019a). 

Bias is quite likely to occur in science self-concept research because many studies 
operate with data from different countries and some even compare the data from 
regions spread around the globe. And even if the data is collected within a single 
country, the data could still potentially be biased due to the cultural diversity that exists 
within many countries caused e.g. by migratory processes or by the diversity that is 
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essential to a nation-state. In the studies using exclusively quantitative data, this type 
of bias is not being controlled for. 

The bias Byrne and colleagues (2009) refer to falls into three categories: 

(i) structural non-equivalence 
(ii) measurement non-equivalence and 
(iii) bias in the interpretation of the results. 

A lack of (i) structural equivalence means that the theoretical construct that is being 
investigated differs between cultural contexts. This can be a difference in the definition 
of a construct, as it is the case e.g. for the concept of intelligence which is defined in 
Western cultures mainly referring to abstract thinking. However, in other cultural 
contexts, the concept of intelligence can contain a component of social intelligence 
(van de Vijver & Poortinga, 2005). This construct is relevant in academic self-concept 
research because many scales contain items that ask students if they think they are 
intelligent in a certain subject. 

The second domain in which bias can occur is the measurement process. A lack of (ii) 
measurement equivalence can occur regarding multiple aspects, for example, if the 
participants differ in response style (Byrne et al., 2009). People from individualist 
cultures tend to give more extreme responses while the responses of people from 
collectivist cultures tend to be more moderate (Shulruf, Hattie, & Dixon, 2011). Also, 
the measurement instrument can produce bias if its format is well-known in a certain 
cultural context while it is known very little to people from another context. This is 
the case for example for very culture-specific formats such as specific games and 
depiction styles but also regarding multiple choice tests and Likert items which are 
commonly used in some school systems while they are less well-known in other 
contexts (van de Vijver & Poortinga, 2005). Other measurement bias can occur in the 
measurement process. This can be the case when the social groups from two contexts 
are not comparable, for instance, if the level of education or the societies’ compositions 
differ. Moreover, the interpretation of items is not necessarily the same and 
misunderstandings in the communication with the investigators can occur in the test 
situation (van de Vijver & Poortinga, 2005). In many cases, translations of test 
instruments also lack precision (Byrne et al., 2009). 

The third measurement difficulty is (iii) bias in the interpretation of the gathered data. 
If differences show in the data, there are no clear guidelines when to explain these with 
culture and when to attribute them to other influences. It has been shown that in the 
social domain, differences tend to be attributed to culture while in the cognitive 
domain, this type of explanation tends to be rejected (Byrne et al., 2009). The 
underlying assumptions about human nature are seldom discussed. 

For dealing with these types of bias, it has been suggested by several scholars to use 
mixed methods designs combining quantitative self-report data of academic self-
concept with qualitative data from interviews (Byrne, 2002; Byrne et al., 2009; van de 
Vijver & Poortinga, 2005). Quantitative data needs to be used in a reflective manner 
which can be facilitated by additional qualitative analyses of other data types. 
Qualitative data can help to control for bias, e.g. by comparing oral statements with 
data from multiple choice items. Further, qualitative data can enhance the explanatory 
power of research. It puts self-concept data into the concrete contexts of the 
respondents’ lives, connecting it with their experiences, thoughts, and narratives. 
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2.2 Re-examining the theoretical basis of academic self-concept research 

Against the backdrop of these measurement difficulties, it is important to critically 
review the theoretical basis of science self-concept research. This analysis serves two 
purposes: first, it helps to identify its strengths and weaknesses in science self-concept 
research, and second, it can inspire new pathways, especially for the qualitative part of 
mixed methods designs in science self-concept research. 

Critical scrutiny regarding the culture-sensitivity of the methodological approaches 
employed in self-concept research seems to be rare in science education literature. The 
definition of self-concept in science education literature appears to be so common that 
many researchers do not even refer to any particular source in their articles. In the 
systematic literature review (article 1, see appendix; Rüschenpöhler & Markic, 2019a), 
73 % of all articles covering science and technology self-concept did not refer to any 
particular model of self-concept but seem to assume the definition of self-concept to 
be clear. In many cases, this lack of a definition is probably due to the fact that science 
self-concept is used as one variable among a multitude of other variables for explaining 
an outcome such as achievement in science (e.g. Koutsoulis & Campbell, 2001; Lay & 
Chandrasegaran, 2016) and science course choices (e.g. Bøe & Henriksen, 2013; 
Riegle-Crumb et al., 2011). In other cases, the concept of science self-concept is used 
to evaluate interventions and the context in which science learning takes place (e.g. 
Brown & Ronau, 2012; Glowinski & Bayrhuber, 2011; Hänze & Berger, 2007), or it is 
conceptualized as part of broader categories such as science engagement (e.g. 
Chandrasena, Craven, Tracey, & Dillon, 2014; Grabau & Ma, 2017), attitudes towards 
chemistry (e.g. George, 2006; Zain, Samsudin, Rohandi, & Jusoh, 2010) or science 
identity (e.g. Capobianco, Yu, & French, 2015; Gilmartin, Denson, Li, Bryant, & 
Aschbacher, 2007) and, therefore, not the main focus. Another issue in science self-
concept research is the lack of clarity when a conceptualization of science self-concept 
is provided. In some articles, self-concept is confused with a general feeling of self-
worth (Cheong, Pajares, & Oberman, 2004) or, in many cases, the definition remains 
unclear (e.g. Ehmke, Drechsel, & Carstensen, 2010; Jack, She, & Lin, 2016; Kind, 
Jones, & Barmby, 2007; Mohammadpour, 2012; Mubeen & Reid, 2014; Mujtaba & 
Reiss, 2014; J. Wang, Oliver, & Staver, 2008; Wender, 2004). 

To bring some clarity to this situation, in this chapter, three perspectives on academic 
self-concept are discussed. First, the prevailing models of Marsh, Shavelson, and 
colleagues are reviewed (chapter 2.2.1) (Marsh, 1986; Marsh & Shavelson, 1985; 
Shavelson et al., 1976). Following this, two additional perspectives are introduced, 
namely Hattie’s (2008) process-oriented model of the self (chapter 2.2.2) and a 
sociological perspective on science self-concept (chapters 2.2.3 and 2.2.4), using the 
concept of science capital (Archer, Dawson, et al., 2015). In the last part (2.2.5), a 
summary is provided. 

2.2.1 The structure of self-concept: the Marsh and Shavelson models 

The most well-known models of self-concept are those of Shavelson, Hubner, and 
Stanton (1976), Marsh (1986), and Marsh and Shavelson (1985). These models provide 
insights into the structure of self-concept and bring some clarity into its different 
sections and the relationships between those. Shavelson, Hubner, and Stanton (1976) 
defined self-concept as “a person’s perception of himself” (p. 411) and proposed a 
model of self-concept that is organized hierarchically. The authors assume that a 
person has different perceptions of him or herself, depending on the different domains 
in life. They divide the self-concepts into three broad categories: the material, spiritual 
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and social self-concepts. People have perceptions about their bodies, their intellectual 
abilities, and their social selves. It was assumed that a person’s general self-concept 
would be the sum of the self-concepts in these three domains. Of course, these are 
very broadly defined fields which can be further differentiated, as, for instance, it has 
been done for the various academic self-concepts. Academic self-concepts describe a 
person’s perceptions of his or her abilities in a certain academic domain. Following 
this definition, chemistry self-concept is part of a person’s academic self-concept and 
can be defined as a person’s perception of his or her abilities in chemistry. 

Within the multiple facets of academic self-concept, Marsh (1986) found an internal 
structure: people compare their abilities in a certain domain with those of other people 
in their surroundings (external frame of reference) and also with their abilities in other 
domains (internal frame of reference). For example, a student in secondary school 
might think that he or she is quite good at chemistry compared to his or her 
schoolmates. Referring to this external frame of reference, this student develops a 
positive chemistry self-concept. However, the student might think that he or she is 
much better in foreign languages, especially in Spanish. Compared to the perceived 
abilities in Spanish, his or her abilities in chemistry appear quite low to the student. 
The student rates his or her abilities in chemistry as rather low when referring to this 
internal frame of reference. These comparisons are usually assumed to exist between 
the domain of languages (verbal self-concept) and mathematics (mathematical self-
concept). Marsh conceptualized the origin of this structure with two frames of 
reference which serve as a basis for comparison processes. This led to the definition 
of the internal and external frame of reference model (I/E model, Marsh, 1986). The 
external frame of reference that research usually assumes to be relevant is the level of 
the school. These contrast effects due to intrapersonal comparisons have been 
documented in numerous empirical studies from various regions all over the world 
(e.g. Chiu, 2008; Marsh & Hau, 2004; Möller, Pohlmann, Köller, & Marsh, 2009; 
Möller, Retelsdorf, Köller, & Marsh, 2011; Skaalvik & Rankin, 1990). The description 
of the two frames of reference has provided an explanation for the phenomenon that 
students’ self-concepts do not always correspond to their abilities. Students who 
achieve high in two separate domains tend to contrast their abilities in these domains 
leading to self-concepts differing in strength. 

The clarity of the definition of self-concept provided by Shavelson, Hubner, and 
Stanton (1976) combined with the simple hierarchical structure has inspired very clear 
investigations of the self-concepts in the various academic domains. Exactly this was 
the purpose of the authors who worked in a field that they described as quite diverse 
and chaotic (Shavelson et al., 1976). The prevailing models have led to very systematic 
research implying that findings from different studies can be compared and discussed 
in a coordinated approach. Instruments for assessing academic self-concepts have 
been developed which are theoretically well-grounded, standardized, and that have 
been validated (e.g. the fundamental works of Marsh 1990b, 1992b, 1992a). All of these 
instruments rely on self-report data and are composed of Likert items. The most 
popular of these (for secondary school students’ science self-concepts: Marsh, 1992b; 
Martin, Mullis, & Foy, 2008; OECD, 2009b) are sufficiently short to allow for the 
collection of data of large samples. This can be important, for example, for evaluating 
whole educational systems or for detecting social inequalities in a population. Research 
based on the prevailing models is very clear, with highly standardized research 
instruments, and precise definitions of self-concepts in the various academic fields. 

In light of the measurement difficulties discussed in chapter 2.1, this clarity has the 
downside that it gives only limited room for gaining an understanding of the role self-
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concept plays in different cultural contexts. It has been recommended to use interviews 
alongside the established Likert scales (Byrne, 2002; Byrne et al., 2009; van de Vijver 
& Poortinga, 2005). This could be very insightful but, using the prevailing models of 
academic self-concept, difficult to achieve: the students could be asked to talk about 
their abilities in a certain subject, such as chemistry. In this situation, the students 
would probably display exactly the phenomena that research about academic self-
concept has revealed: they would probably compare their abilities in chemistry with 
related subjects such as physics, mathematics, and biology, and some would certainly 
also contrast them with their abilities in languages. Additionally, differences between 
boys and girls could become apparent, just as research has already shown. This would 
provide further evidence for the accuracy of the prevailing models. What this type of 
interview does not allow, however, is grasping the role chemistry self-concepts plays 
in the students’ lives. For this, the prevailing models of academic self-concept appear 
too narrow. Different perspectives on academic self-concept are needed. 

2.2.2 A focus on processes: Hattie’s theory of the self 

To enhance the culture-sensitivity of academic self-concept research, it could be 
enriching to examine academic self-concept from new perspectives. This can provide 
the opportunity for developing an understanding of the role self-concept plays in the 
students’ lives in a broader sense, and thereby help to limit bias. 

Hattie (2008) proposes a model of the self that shifts the focus on processes but which 
researchers currently do not employ in science self-concept research (article 1, see 
appendix; Rüschenpöhler & Markic, 2019a). This perspective on the self could allow 
investigating individual dynamics associated with particular self-concepts and to 
evaluate self-concepts and their individual dynamics in a more holistic manner. The 
question is not ‘How strong is a person’s self-concept?’, leading to quantitative 
analyses, but rather ‘What self-processes lead this person to the adoption of this 
particular self-concept?’, leading to an analysis of the individual inner dynamics that 
explain the strength of the self-concept. The definition of chemistry self-concept 
provided by Shavelson and colleagues (1976, see chapter 2.2.1) remains the same. What 
changes is the framing of this self-concept: it is not examined as such but it is tried to 
understand the broader picture – the context in which people develop a particular self-
concept. 

For understanding Hattie’s (2008) model of the self, Hattie proposes a metaphor 
inspired by the German philosopher Wittgenstein. Wittgenstein compared learning 
processes to the construction of a rope. The strength of a rope depends mainly on the 
quality of the intertwining of a multitude of fibers, not on the qualities of a single fiber 
(Wittgenstein, 1958). This is, according to Wittgenstein, similar to learning processes. 
To develop an abstract concept, people need to establish a multitude of links to other 
conceptions, terms, and objects. Therefore, the strength of the new concept depends 
on the degree of embeddedness and connectedness. The better people intertwine the 
new concept with knowledge and experiences, the stronger it becomes, just as the rope 
does. Hattie uses Wittgenstein’s metaphor because the self is an abstract concept that 
every person develops. In Hattie’s analogy, the self grows stronger as a person learns 
how his or her self works in different contexts. Every person develops a sense of 
context specificity, meaning that the specific strategies a person employs are beneficial 
only in specific situations. For example, each person needs to develop a sense of 
situations in which it is beneficial to activate learning goal orientations (e.g. in a socially 
‘safe’ environment) and when it is better to rely on performance goal orientations (e.g. 
under time constraints). Knowing when to use which strategy is extremely complex 
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and the rationales behind these patterns are highly individual. The better this 
knowledge, the stronger the self. The different parts of the rope – the strands, yearns, 
and fibers – represent the different levels of strategies a person can use, whereas the 
length of the rope symbolizes a temporal dimension, i.e. that the self is not static but 
constantly being produced (Hattie, 2008). 

Self-concept research inspired by the perspective of Hattie’s model could lead to a 
focus on the individuality and the temporality of self-concepts. Self-concepts can be 
high or low, but they are always essentially different and dynamic in nature. This could 
help to understand self-concept as embedded in individual contexts. Employing this 
perspective in addition to the perspective of the established models has the potential 
to enhance the culture-sensitivity of academic self-concept research. However, the fact 
that Hattie’s perspective seems not to have been employed in science self-concept 
research (article 2, see appendix; Rüschenpöhler & Markic, 2019b) means that the 
design of an appropriate research approach is not clear-cut. New approaches need to 
be tried out in an exploratory fashion. The lack of such research designs complicates 
covering large, representative samples, as it is possible in academic self-concept 
research based on the Marsh and Shavelson models. 

2.2.3 Adopting a sociological perspective 

The two types of perspectives discussed above allow investigating the psychological 
structure and the dynamics of academic self-concepts. They constitute intrapersonal 
perspectives on academic self-concept. Only in certain cases, this can stretch to 
analyses of sociocultural patterns, as, for instance, regarding evaluations of gender 
relations in science self-concept (see chapter 2.3.3). In general, however, self-concept 
research employing these perspectives tends to remain focused on the intrapersonal 
domain. 

To further enhance the culture-sensitivity of academic self-concept research, adopting 
a sociological perspective could be interesting. This would allow accounting for the 
sociocultural structures in which an academic self-concept might be embedded. This 
would further open the perspective on academic self-concept because it would be 
possible to investigate the sociocultural contexts in which certain academic self-
concepts appear. In particular, it could be interesting to examine the significance of 
students’ home and school environments regarding the development of academic self-
concepts and chemistry self-concepts. The home environment can be conceptualized 
as the private space in which students live and in which they are in contact with 
significant others such as their parents, other principal caregivers, relatives, and friends. 
For instance, the families’ cultural backgrounds, socioeconomic status, educational 
backgrounds, and other factors influence students’ science aspirations (Archer et al., 
2012b). The hypothesis is that the families’ ways of dealing with chemistry at home 
could influence students’ chemistry self-concepts. 

The interplay of the home environment with chemistry learning has been 
conceptualized by Aikenhead in his theory of cultural border crossings (1996, 2001). 
Aikenhead investigated the situation of First Nations (Native American) students in 
science education (Aikenhead, 1997). He developed a model of teaching science that 
is designed for this specific context: in his view, some First Nations students are at 
home confronted with ways of doing and thinking about science that differ from the 
ways science is practiced at school. He described cultural conflicts that some students 
experience when “crossing cultural borders” between school science and their homes 
(Aikenhead, 1996, p. 2). Teachers, in this view, should act as a “culture broker” 
(Aikenhead, 1997, p. 232) whose role is to help students with these border crossings 
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so that the students can engage in science learning at school without risking their social 
relationships at home (Aikenhead, 1996; Aikenhead & Jegede, 1999).  

Aikenhead’s theory provides a sociocultural perspective on science learning but it is 
embedded in a context that differs from the situation that can be found in Germany. 
For historical reasons, there are no First Nations in the country. In Germany, several 
other migratory processes have taken place over decades which have resulted in 
differences in educational outcomes in science. Immigrant students achieve less well 
in science (OECD, 2016d). The average difference is 72 points3 which correspond to 
a difference of almost two school years (OECD, 2016d). More than 40 % of the first-
generation immigrant students and 30 % of the second-generation immigrant students 
in Germany are low performers, while the proportion among the non-immigrant 
students is only slightly above 10 % (OECD, 2016a). These data reflect inequalities 
between immigrant and non-immigrant students which the school system either 
creates or is unable to compensate. However, since the context in Germany differs 
greatly from that for which Aikenhead’s concept was developed, it seems not to be 
directly adaptable to the context of science learning in Germany. The group of 
immigrants in Germany is very diverse and their situation does not correspond to that 
of First Nation students in North America. Aikenhead’s conceptualization of cultural 
border crossings between different ways of doing science at home and in school can, 
therefore, not be applied without critical scrutiny and, probably, some fundamental 
modifications. 

2.2.4 Self-concept seen through the lens of science capital 

For the German context, the concept of science capital appears more promising. It 
offers a sociological perspective on science learning that Archer and colleagues (2015; 
2012b) developed in Europe, more precisely in Great Britain. It could potentially be 
better applicable to the local context of Germany because it is not limited to a situation 
in which students experience two very distinct ways of doing science at home and in 
school. Rather, science capital research provides a resource-oriented perspective on 
science learning. The concept of science capital encompasses all resources that have 
value in the field of science, e.g. science knowledge, personal connections to someone 
who works in science, interest in science, etc. 

The term ‘science capital’ refers to the Bourdieusian notion of capital. His conception 
of capital goes far beyond the economic capital that is used in everyday language. 
Bourdieu defines capital as: 

a social relation, which is to say a social energy that exists and has its effects only in the 
field in which it is produced and reproduced (…). [T]he logic of every field determines 
those [types of capital] that are accepted as valid on the market, which are pertinent and 
effective in the game at hand, which, in relation with the field, function as specific capital 
(Bourdieu, 1979, p. 127, translated from French by L.R.) 

This conceptualization of the notion of capital emphasizes the relation between an 
entity and a specific field. If an entity is ‘valid’ in the field, i.e. recognized as a valid 
‘currency’, and if it is ‘effective’ in the field, i.e. if it can be used as a resource, then it 
is capital with ‘exchange value’ in this specific field. That means that it can be 

 
3 There is no minimum or maximum score in the PISA study. The scores are scaled in a way to 
achieve a normal distribution with a mean of 500 points and a standard deviation of 100 points. A 
difference of 72 points thus corresponds to an effect size of 72 % (OECD, 2016c). 
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exchanged, inherited and traded against other goods. What can these other types of 
capital be? Three types of capital can be broadly distinguished4:  

(i) Cultural capital. This category encompasses all cultural goods that can function 
as capital in a certain field. These can be objectified cultural goods (e.g. books) 
as well as embodied (e.g. knowledge, a certain taste, a certain type of humor, a 
certain way of presenting oneself in society) and institutionalized cultural 
goods5 (e.g. educational qualifications) (Bourdieu, 1986). In the field of science, 
cultural capital can, for instance, be science knowledge, the enactment of a 
nerdy science identity with its specific types of humor, science-related activities 
or positive emotions towards science (embodied science capital), it can consist 
in the possession of science books and equipment for conducting experiments 
at home (objectified science capital), or it can be a diploma in astrophysics 
(institutionalized science capital). Cultural capital, in particular, can make very 
subtle distinctions, consisting of differences in taste, etc., which is difficult to 
learn or to teach explicitly (Bourdieu, 1979). This is one of the main reasons 
why distinctions between social classes tend to persist over generations 
(Bourdieu, 1979). Cultural capital tends to be transmitted from parents to 
children almost unconsciously, which is particularly true for the embodied 
forms of cultural capital. This makes cultural capital quite exclusive. 

(ii) Social capital. This refers to the social networks a person is part of and these 
networks’ relations with the specific field. More precisely, it refers to the fact 
that people become a member of particular groups (e.g. the family, groups of 
friends, class, a certain school club) meaning that they are recognized as a 
member of these groups. This process of recognition is crucial regarding any 
type of capital because it is specific to the particular field at hand what counts 
as valuable and is, therefore, a certain type of capital. Belonging to certain social 
groups and having social connections can constitute a certain capital in a 
specific field. In the field of science, for instance, knowing someone who 
works in science can be a certain capital because this person is a potential 
resource of knowledge and can transmit an enthusiasm for science (embodied 
cultural capital) or this person can provide objectified cultural goods such as 
books. Further, knowing people with whom talking about science is possible 
or parents who hold science degrees is social capital in the field of science 
(Archer, Dawson, et al., 2015). The importance of a supportive home 
environment for science learning has been shown (J. A. Thomas & Strunk, 
2017). Acquiring social capital in the field of science is a challenging task. The 
person needs to be accepted as a member of a group, an act that Bourdieu 
(1986) emphasized as a key to social capital. Being accepted as a new member 
of an existing group can be difficult because groups have support structures 
and accepting a new member means that the other group members show 
commitment to the new member which can be difficult to obtain. Being 
accepted as a member by birth or through being introduced by one of the older 
members, can be much easier. 

(iii) Economic capital. This type of capital has only auxiliary functions. Up to a certain 
degree, economic capital such as money can acquire certain types of science 

 
4 The distinctions in this section follows the order defined by Bourdieu (1986) which differ slightly 
from those proposed by Archer and colleagues (2015) though not in content. 
5 Bourdieu is not entirely clear about the status of institutionalized cultural goods. It is part of cultural 
capital but at the same time something apart because obtaining e.g. a science degree presupposes that 
a person possesses embodied cultural capital (Bourdieu, 1986). 
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capital “but only at the cost of a more or less great effort of transformation” 
(Bourdieu, 1986, p. 287). It is possible to buy books and science kits but it is 
not possible to buy an interest in science, scientific knowledge, and the 
particular tastes of humor shared in the different scientific communities. 
However, economic capital can increase science capital indirectly, for instance 
by increasing the range of opportunities for its acquisition. 

Since the development of the concept of capital by Bourdieu in France in the 1970s, 
many things have changed in society. The ways social distinctions work might not be 
exactly the same as they were in the 1970s. In addition, the theory stemming from the 
French context might not fit the contexts in other countries. In France, Bourdieu 
argued, social distinctions take place mostly in relation to the field of ‘highbrow 
culture’, i.e. the field of classic literature, fine arts, etc. (Bourdieu, 1979). This has 
changed as Prieur and Savage (2013) argue: ‘highbrow’ culture is not as influential as it 
was in the 1970s. Instead, the field of science has gained rapidly in importance for 
social distinctions. This shift requires attention to the field of science even though 
Bourdieu’s theory as such remains powerful for explaining mechanisms of social 
distinction. This argument is taken up by Archer and colleagues in their 
conceptualization of science capital (Archer, Dawson, et al., 2015; Archer, DeWitt, & 
Willis, 2014). The assumption is that the field of science and technology is an arena in 
which major social distinctions are made and social inequalities are enacted (see Prieur 
& Savage, 2013). And, as Archer and colleagues (2014) clarify, “‘science capital’ is not 
a separate ‘type’ of capital” (p. 5) that could be juxtaposed to cultural, social, and 
economic capital. Rather, it allows investigating in the particular field of science the 
ways how cultural, social, and economic capital work, how social distinctions are made 
(see e.g. Carlone, Webb, Archer, & Taylor, 2015), and through which mechanisms 
social reproduction works (for analyses of social reproduction see Archer, Dewitt, & 
Osborne, 2015; Archer et al., 2012a, 2013).  

Science capital can offer a sociological perspective on psychological phenomena. 
DeWitt and Archer (2015) showed that many students enjoy science but do not 
develop science aspirations. Instead of reducing this to individual preferences in a 
psychological view as science identity research tends to do (Shanahan, 2009), science 
capital allows investigating certain social structures in which this psychological 
phenomenon appears. This kind of research allows drawing connections between 
individual states of mind and the social environments in which these states of mind 
have a sense for the individual. It could help to think of self-concept not only as an 
individual psychological phenomenon but as a reflection of certain social structures 
and power relations. 

The field of chemistry has not been investigated yet in science capital research. In one 
study (Mujtaba, Sheldrake, Reiss, & Simon, 2018), the relation between science capital 
and the students’ aspirations to study post-compulsory chemistry was investigated. 
However, no distinction was made between the field of science and its sub-field 
chemistry. For the field of chemistry, there are currently no conceptualizations of the 
power relations, the mechanisms of social reproduction, and the ways social 
distinctions are made. 

2.2.5 Summary 

This section showed the potentials of different theoretical perspectives on science self-
concept for culture-sensitive academic self-concept research. The established models 
by Shavelson and Marsh (Marsh, 1986; Marsh & Shavelson, 1985; Shavelson et al., 
1976) provide a very precise definition of academic self-concept that has yielded very 
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productive and insightful research in educational psychology. However, this 
perspective on academic self-concept might be too narrow to allow for culture-
sensitive analyses. For this reason, two additional perspectives were discussed 
regarding their potential to open academic self-concept research again for mixed 
methods analyses as suggested by Byrne and others (Byrne, 2002; Byrne et al., 2009; 
van de Vijver & Poortinga, 2005).  

The perspective of Hattie’s (2008) rope model of the self could allow investigating 
different psychological patterns in which self-concept is embedded. This model could 
enrich academic self-concept research by shifting the focus on psychological 
processes. It could also allow for more culture-sensitive analyses of academic self-
concept because research using this model can reveal different meanings and functions 
that academic self-concept can have in individual contexts. This could allow 
formulating hypotheses about underlying cultural concepts. 

The third type of model that could be interesting provides a sociological – or rather 
sociocultural – perspective on academic self-concept. The notion of science capital 
developed by Archer and colleagues (2015) analyzes the field of science using the 
notion of capital by Bourdieu (1986). This perspective is interesting in academic self-
concept research because it would allow conceptualizing the relations between self-
concept – a phenomenon that happens in the minds of individual human beings – and 
the specific context in which they are produced, i.e. the sociocultural context. 

2.3 Central findings about science and chemistry self-concept 

2.3.1 The relation with achievement 

Academic self-concepts predict achievement (for an overview, see Marsh & Craven, 
2006; foundational work: Wylie, 1979), which is particularly true if subject-specific 
academic self-concepts are considered (Marsh & Yeung, 1997b, 1997a). This is 
probably one of the main reasons for the attention that academic self-concepts receive 
in research. Self-concept research shows how mindsets, i.e. psychological states, can 
influence important behaviors in people’s lives such as their performance in school. In 
the literature, the logic lying behind the relation between the two variables is explained 
with the reciprocal effects model (Marsh, 1990a). It is assumed that achievement has 
a positive influence on one’s self-concept (self-enhancement) and self-concept 
positively influences one’s achievement (skill development). Today, this explanation is 
widely relied upon in educational psychology and constitutes probably the best 
available explanation for the close relation between self-concept and achievement. 
Important aspects that are assumed to mediate this relationship is the relation of self-
concept with learning strategies (McInerney, Cheng, Mok, & Lam, 2012), motivation 
(Guay, Ratelle, Roy, & Litalien, 2010), and task selection (Marsh & Yeung, 1997b). 
However, the relation between science self-concept and learning behavior has not 
been sufficiently understood (Möller & Trautwein, 2015). 

The findings about science and technology self-concept literature were only partly in 
line with those from educational psychology. This was found out in article 1 (see 
appendix; Rüschenpöhler & Markic, 2019a) which presents a systematic review of 
current trends in science and technology self-concept literature. Central findings from 
this literature review will be presented in this chapter with additional insights from 
more recent publications about the science and technology self-concepts of secondary 
school students. The review shows that science and technology self-concepts are 
positively related to achievement (e.g. Acar, 2019; Grabau & Ma, 2017; Lavonen & 
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Laaksonen, 2009; Mason, Boscolo, Tornatora, & Ronconi, 2013; C.-L. Wang & Liou, 
2018). However, there is some evidence that this relation might depend on the cultural 
context. In some studies conducted in East Asian countries, the association between 
science self-concept and achievement appeared to be weaker or even negative (Lay & 
Chandrasegaran, 2016; Wilkins, 2004). These findings seem to be neglected in certain 
cases where the positive relation between self-concept and achievement is presented 
as universal. While the relation between science and technology self-concept and 
concrete learning behavior in class remains unclear (Cheong et al., 2004), the relation 
between science and technology self-concept and the motivational side of chemistry 
learning is more clear: students with positive science and technology self-concepts tend 
to show more positive attitudes towards chemistry (Sheldrake, 2016; Taskinen et al., 
2013) and more thinking patterns that support learning (Lu, Chen, Hong, & Yore, 
2016; Ziegler, Finsterwald, & Grassinger, 2005). 

2.3.2 The relation with career and course choices 

Another important outcome variable that is closely related to self-concept is choice 
behavior, touching both course choices and career choices. Positive self-concepts in a 
certain domain predict career choices in the respective field (Eccles, 2011). This can 
be understood in terms of the expectancy-value theory (Eccles, 1983) which states that 
if a person expects to succeed in a certain domain, he or she is more likely to choose 
a career in the respective field. 

For science, it has been shown that self-concept is closely related to science career 
aspirations (Archer & DeWitt, 2017; DeWitt et al., 2011; Riegle-Crumb et al., 2011) 
and career choices (Eccles & Wang, 2016; Leslie, McClure, & Oaxaca, 1998; Taskinen 
et al., 2013) (article 1, see appendix; Rüschenpöhler & Markic, 2019a). Also, the 
positive relation between self-concept and post-compulsory science course choices has 
been shown (Mujtaba & Reiss, 2014). Science self-concepts predict the engagement in 
science-related activities in free time (Jack et al., 2016), and interest in science (Cheung, 
2018). 

However, the relation with choice behavior is not as universal in science as it might 
seem – just as the relation between science self-concept and achievement. Gender 
could have an impact: science self-concept might be more important for boys than for 
girls because girls with strong science aspirations tend to have lower science self-
concepts than boys (Mujtaba & Reiss, 2016). This hypothesis would, of course, require 
further investigations, but there is further evidence that gender and cultural 
background play a role in the relationship between science self-concept and science 
aspirations (Koul, Lerdpornkulrat, & Poondej, 2017; Riegle-Crumb et al., 2011). A 
sample from the U.S. showed that science self-concept is less important for the science 
aspirations of White and Black girls and more important for White boys and Hispanic 
girls. Here again, gender and culture and their interaction seem to play a role. In 
addition, there seems to be a group composed of students who have no intention to 
follow science-related careers despite positive self-concepts (the “confident 
indifferent” student described by Potvin & Hasni, 2018). 

2.3.3 Gender differences 

The two sections above suggest that gender plays an important role regarding science 
and technology self-concepts. Indeed, much research has shown this. In many 
contexts, a gender gap exists regarding science self-concepts: boys tend to show 
stronger science self-concepts than girls (in Germany: Jurik et al., 2013; in Tanzania: 
Makwinya & Hofman, 2015; in the U.K.: Mujtaba & Reiss, 2016; in the U.S.: Riegle-
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Crumb et al., 2011; in Hong Kong: Wan & Lee, 2017). However, this gender gap seems 
to depend on the cultural context. Some studies showed that the gender gap is not 
present in certain cultures (in some East Asian regions: Lau, 2014; in Malaysia and 
Singapore: Ng, Lay, Areepattamannil, Treagust, & Chandrasegaran, 2012; in Canada 
and Australia: Woods-McConney, Oliver, McConney, Schibeci, & Maor, 2014). These 
findings, especially from East Asia tend to be overlooked in the literature discussing 
the gender gap in science self-concept although exactly this cultural embeddedness of 
the gap could help to gain a deeper understanding of the mechanisms producing the 
gender gap. It would be interesting to further understand the roles that the conceptions 
of gender play in the formation of science self-concepts because they could be based 
on stereotypes and stereotypes shape academic self-concepts (Baron, Schmader, 
Cvencek, & Meltzoff, 2014). 

The rationale behind the influence of gender stereotypes on science self-concept can 
be understood using the framework of Balanced Identity Theory by Greenwald and 
colleagues (Greenwald et al., 2002). It argues that people who identify with a certain 
concept (e.g. they identify with masculinity) tend to ascribe the corresponding 
stereotypes to themselves. In a society, in which a stereotype exists that men are good 
at science, a person who identifies with masculinity tends to adopt this stereotype and 
to think about himself that he is good at science (Baron et al., 2014). This rationale has 
been shown regarding mathematics and physics gender stereotypes and the students’ 
self-concepts (Cvencek, Meltzoff, & Greenwald, 2011; Jugovic, 2017) and seems to 
have power already in early childhood (Baron et al., 2014). How exactly stereotypes 
existing in a society influence academic self-concepts is only partly understood. It 
seems as if the stereotypes can be internalized in the way described by Baron and 
colleagues (2014) in their Balanced Identity Theory. 

Stereotypes do not only work from the inside of a person but also in a person’s 
surroundings. This can be understood in terms of the Rosenthal effect. Rosenthal and 
Jacobson (1968) argue based on a study that teachers’ stereotypes impact their ways in 
which they support their students’ learning. If teachers implicitly adopt stereotypes 
about certain groups (e.g. white, middle-class boys are ‘sciencey’ people (Archer et al., 
2014; Carlone et al., 2015)), they tend to project this stereotype to individual students 
which results not only in a different attitude towards these students but also in different 
support behavior. This has been shown for science: teachers’ gender stereotypes do 
have an impact on students’ science self-concepts. They increase the existing gender 
gap (A. E. Thomas, 2017). This relation between teachers’ stereotypes and students’ 
self-concepts could be mediated by teacher support behavior which has been shown 
to have important effects on science self-concept (Tas, Subaşı, & Yerdelen, 2019). If 
this is the case, a Rosenthal effect could be present (Rosenthal & Jacobson, 1968). 
Stereotypes occur mostly unnoticed, intuitively by the respective teachers and are, 
therefore, all the more powerful. This way, stereotypes not only influence the 
individual students from the inside but also from the outside, structured by teachers 
and other members of the culture. 

2.3.4 Cultural differences 

The sections above suggest that culture plays an important role in the formation of 
science self-concepts. The term ‘culture’ is used in various ways in everyday life 
(Mamlok-Naaman, Abels, & Markic, 2015). In the scientific discussion of the impact 
of culture on science self-concept, ‘culture’ is often employed referring to the nation-
state, especially in cross-cultural comparisons, in which cultural differences in science 
self-concept between countries are investigated (e.g. Chiu, 2008). Sometimes, countries 
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are put into larger groups such as ‘East Asian’ or ‘Western’ countries (e.g. Marsh et al., 
2015). Some universal characteristics of science self-concept have been pointed out, 
such as the existence of the Big-Fish-Little-Pond-Effect (Marsh et al., 2015; Nagengast 
& Marsh, 2011, 2012). The I/E model of self-concept describing internal comparisons 
(between subjects) and external comparisons (with peers), seems to be valid across 
cultures although to different degrees (Chiu, 2008). 

However, there are also differences in self-concept between countries. One study 
argued that the association between self-concept and achievement might depend on 
the cultural context (Lau, 2014) which was confirmed in two empirical studies (Wilkins, 
2004; Yu, 2012). The authors show that in East Asian Regions, the association between 
the two variables is less strong than in Western countries. This seems to be a particular 
feature of East Asia and not true for other parts of Asia. For instance, studies 
conducted in South-East Asian countries showed that here, the association between 
science self-concept and achievement is present (Lay & Chandrasegaran, 2016; Ng et 
al., 2012). This seems to be a difference between East Asian and South-East Asian 
countries. Further, one study showed that gender disparities in science self-concept are 
larger in industrialized countries than in developing countries (Sikora & Pokropek, 
2012). These findings show that the broader cultural context does play a role in 
students’ science self-concepts. 

In addition to the factors discussed so far, ethnic groups within a country have an 
impact on science self-concept. Here, the definition of culture usually refers to locally 
established concepts of students’ cultural identities such as e.g. the U.S. American 
concept used in the census (U.S. Census Bureau, 2017). This definition is based on 
self-identification of people as Black, White, Latino, Asian, etc. while the categories 
are not mutually exclusive. In contrast, the German concepts of migration background 
employed in the censuses6 (Statistisches Bundesamt, 2013) are not based on self-
identification. Rather, the assignment of a migration background is based on 
predefined criteria such as e.g. a person’s nationality, the parents’ places of birth, etc. 
Despite these differences between the German and the American concepts, both allow 
differentiating between dominant and non-dominant ethnic groups within a country. 

In general, academic self-concepts are more positive among students who belong to 
the dominant ethnic group of a country (Dean, 2013). The same trend shows regarding 
science self-concepts: students from non-dominant ethnic groups tend to have lower 
science self-concepts than students from the dominant ethnic group, which has been 
shown in various countries (in the U.K.: DeWitt et al., 2011; in the U.S.: Leslie et al., 
1998; Riegle-Crumb et al., 2011; Simpkins, Price, & Garcia, 2015; in Australia and New 
Zealand: Woods-McConney, Oliver, McConney, Maor, & Schibeci, 2013). One 
exception seems to be students with an Asian background in the U.K. (DeWitt et al., 
2011) who tend to have more positive science self-concepts than students belonging 
to the dominant ethnic group. This contrasts the finding that on average, science self-
concepts are less positive in East Asian countries. It indicated that students’ cultural 
backgrounds do not simply reflect the situation in the corresponding regions but can 
take a new dynamic when these students live in another country. 

A potentially powerful explanation of these phenomena could be based on an analysis 
of the social positions of ethnic groups within a country. In countries with a history of 
violent racial conflicts and oppressions, the descendants of the marginalized ethnic 
groups tend to show more negative science self-concepts. It is, therefore, reasonable 

 
6 In the census, there are two definitions of migration background which are being used alternately in 
each round. 
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to assume that the historical structures of oppression and violence show their effects 
until today. This has, for instance, been shown for Black and Latino students in the 
U.S. who have more negative science self-concepts than Caucasian students (Riegle-
Crumb et al., 2011; Simpkins et al., 2015) and for Indigenous students in Australia and 
New Zealand (Woods-McConney et al., 2013). Besides ethnicity-based stereotyping, 
which is an important hindrance for students of some ethnic minorities in science 
(Horna & Richards, 2018), one of the most important explaining factors is the 
socioeconomic status which tends to be lower among students belonging to a non-
dominant ethnic group (Simpkins et al., 2015). The inequalities in science self-concept 
are thus not only due to narratives but also to economic inequalities that have negative 
effects for groups that historically experienced violent forms of oppression. 

The review in this section shows that science self-concepts can reflect social and 
historical structures of oppression and, therefore, be a tool for investigations of social 
inequalities in the field of science. More generally, it suggests that science self-concept 
is a sociocultural phenomenon that needs to be examined more holistically. It is 
possible only to a certain extent to isolate the relationships of science self-concept with 
gender and with achievement from the cultural context. These relations are essentially 
embedded in social contexts. 

2.3.5 Interventions 

Changing the science self-concept of secondary school students is aimed at in several 
intervention studies. Many of these adopt the narrative of the ‘leaky pipeline’ in science 
(a review of interventions: van den Hurk, Meelissen, & van Langen, 2019): many 
students who initially show interest in science do not pursue a career in this field. They 
drop out of the pipeline. This narrative has been criticized (e.g. by Mendick, Berge, & 
Danielsson, 2017) because it argues from an economic point of view, focusing on 
workforce supply to support the economy. Following the rationale of the ‘leaky 
pipeline’, the reason for supporting social equality would be that underrepresented 
groups in certain areas of science and engineering constitute potential new scientists. 
Equality issues are considered if this serves the economy. However, this rationale is 
seldom adopted in this drastic way. An alternative to the narrative of the ‘leaky pipeline’ 
is to focus on the equal representation of all social groups in the field of science as it 
is aimed at in the Science Capital Teaching Approach (Godec, King, & Archer, 2017). 
This approach is, nevertheless, very little science-specific and could be applied to any 
other subject.7 

From a methodological or technical point of view, intervention studies in this field 
encounter important challenges. This is due to the fact that self-concepts are relatively 
stable over time (Marsh, Trautwein, Lüdtke, Baumert, & Köller, 2007; Wigfield et al., 
1997). However, long-term interventions are work-intense and require stably 
employed researchers which usually limits their number. In this field, some 
intervention studies of short duration exist (e.g. Şentürk & Özdemir, 2014). Although 
positive effects on self-concepts are reported in many cases, only a small number of 
studies track the students’ science self-concepts a reasonably long time after the 
intervention which would allow providing insights into long-term effects. In one study, 
a summer science program for girls from non-dominant ethnic groups proved to be 
ineffective possibly due to a confrontation with the reality of and discriminatory 

 
7 This was discussed and agreed on with Spela Godec during a personal meeting at the Institute of 
Education of the University College London in March 2019. 
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structures in the field of science as the authors discuss (Jayaratne, Thomas, & 
Trautmann, 2003). 

One aspect that several intervention studies have focused on is to change students’ 
frames of reference. This is based on the finding that social comparison processes and 
the reputation of being a good student in science play an important role in the 
formation of self-concept (North & Ryan, 2018). This could be interesting in light of 
the Big-Fish-Little-Pond-Effect which predicts more positive self-concepts for 
students in low-ability groups (Marsh, 1987). Repeating a school year could, therefore, 
have a positive impact on science self-concept because the classmates in a lower grade 
have probably less science knowledge than those in higher grades. However, the 
inverse was found: grade repetition tends to have negative effects on students’ science 
self-concepts (Ehmke et al., 2010), possibly due to the fact that grade repetition takes 
place only if teachers agree on a students’ insufficient achievement, a decision with 
consequences that not only touch a students’ academic path but probably also his or 
her academic self-concept. 

Single-sex education promises to both change the reference group and to provide a 
space in which gender stereotypes might potentially be less influential. However, this 
measure has no clear effects on science self-concept. Positive (Kessels & Hannover, 
2008), mixed (Sampson, Gresham, Leigh, & McCormick-Myers, 2014), and no effects 
(Brown & Ronau, 2012) on students’ science self-concepts have been reported on. 
This type of intervention appears to be scarcely promising. However, valid data is rare 
in this field: selection bias is very probable to occur (only certain students are sent by 
their parents to single-sex schools) and conducting experiments with randomized 
assignment is very difficult (long-term studies would be needed and this constitutes 
major changes in the school environment which could be opposed by parents). 

Several studies aim at improving the science self-concepts of girls. Increasing the 
female science teaching staff is not effective (Gilmartin et al., 2007) because the 
students perceive their female teachers as role models only if they have experience in 
science besides teaching (Gilmartin et al., 2007). In contrast, far-reaching curriculum 
reforms can have positive effects on girls’ science self-concepts, as shown for physics 
by Häussler and Hofman (2002). Two changes were made: the students’ curriculum 
was adapted to the fields of interest of both boys and girls, and the teachers were 
provided with a special training focusing on how to support girls in their development 
of positive physics self-concepts. Positive effects on girls’ self-concepts were 
documented. This shows that probably only long-lasting and far-reaching changes 
have a significant impact on science self-concepts. 

It is not entirely clear if inquiry-based learning improves students’ science self-
concepts. In a study based on the global PISA data, there was evidence that it does 
improve science self-concept (Cairns & Areepattamannil, 2019). However, this study 
assessed the level of inquiry-based learning based on self-report data on the frequency 
of the use of experiments in class. This is rather a measure of hands-on science 
experiences in class which is not identical to inquiry-based learning as a specific 
teaching method. These findings are thus to be taken with precaution. In contrast, no 
effect on self-concept was found in a study using an experimental design in which in 
some classes, inquiry-based learning was introduced while in the control group no 
inquiry-based learning was used (Potvin, Hasni, & Sy, 2017). In addition to these 
interventions in school, out-of-school environments could be interesting for 
improving students’ science self-concept as shown in a study in which secondary 
school students designed chemical experiments that they presented in pubs and 
restaurants (Beeken & Budke, 2018).  
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For the design of adequate interventions, employing a mixed methods research design 
could be insightful. Qualitative data can allow identifying concrete social mechanisms 
and thinking patterns associated with science self-concept. This could advance 
research in science education because this domain is more application-focused in 
nature and aims at improving science learning. It would also mean emancipating 
science self-concept research in science education from educational psychology which 
tends to be less application-focused. 

2.3.6 Available instruments 

Almost all studies about science self-concept analyze data from Likert scales. For 
chemistry, there is no validated scale that would allow investigating the self-concepts 
of secondary school students. For higher education, the chemistry self-concept 
inventory (CSCI) (Bauer, 2005) and the self-concept subscale of the attitude towards 
the subject of chemistry inventory (ASCI I and II) (Bauer, 2008; revised version: Xu 
& Lewis, 2011) are scales with good psychometric properties that are theoretically 
grounded in Marsh’s self-description questionnaire III which constitutes a standard in 
self-concept research in higher education (Marsh, 1992a). These instruments are, 
however, designed for research with young adults. 

For investigating chemistry self-concepts of secondary school students, one option is 
to adapt one of the chemistry-specific scales (CSCI, ASCI I and II) to the situation of 
secondary school students. An alternative is to adapt one of the existing science self-
concept scales for secondary school students to the field of chemistry. The first option 
is probably more challenging because the items need to be adapted both linguistically 
and regarding the content so that they cater to the situation of adolescents. The second 
option would mean to merely substitute the word ‘science’ with ‘chemistry’ without 
requiring further changes. The chances of developing an adequate scale with good 
measurement properties that is adapted to the target group and the field of chemistry 
seem to be good. This second option is, therefore, preferable in the situation where 
no chemistry-specific instrument for investigating secondary school students’ self-
concepts exists. 

A great variety of science self-concept scales for secondary school students exists. 
These vary in quality: some instruments have very good psychometric properties which 
have been shown repeatedly in independent samples, while for others no such data is 
available which does not allow for a judgment of their quality and, therefore, excludes 
them from scientific discourse. The most widely used instruments are the scales 
employed in the PISA and TIMSS studies and the subscales of Marsh’s self-description 
questionnaire. The PISA and TIMSS scales are influential because many researchers 
use the large data sets from these studies for re-analyses (e.g. Areepattamannil, 2012; 
Grabau & Ma, 2017).  

The quality of these three scales varies. The TIMSS 2007 (Martin et al., 2008) scale 
contains negatively worded items that tend to produce biased results (Marsh et al., 
2013), especially in cross-cultural studies (Chiu, 2008). An analysis of the TIMSS 2007 
data showed that this bias is also produced by the TIMSS 2007 scale (Marsh et al., 
2013). This scale, therefore, does not constitute a good basis for investigations of the 
chemistry self-concepts of secondary school students. Although Marsh’s self-
description questionnaire II (1992b) contains negatively worded items, too, which 
could potentially lead to biased results, repeated factor analyses using independent 
samples did not confirm this. They showed good model fit for the particular academic 
self-concepts represented in the subscales (Marsh, 1989, 1990c, 2005). This scale is, 
therefore, a promising alternative for an adaptation to the context of chemistry. The 
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PISA 2006 scale (OECD, 2009b) has one advantage over Marsh’s self-description 
questionnaire II. It does not contain any negatively worded items and thereby reduces 
the risk of measurement bias. Self-concept is conceptualized as part of the larger 
construct of science engagement. Documentation about the item construction process 
apart from statistical calculations could not be found which puts the theoretical 
foundation into question. However, the items resemble the positively worded items of 
Marsh’s theoretically well-grounded self-description questionnaire II (Marsh, 1992b). 
This indicates that the theoretical basis of the construct might be similar. Further, it is 
sufficiently short and precise and its psychometric properties have proven to be good: 
in numerous analyses of the data for each participating country, the model fit ranged 
between acceptable and very good according to the criteria defined by Hu and Bentler 
(1999) and the data showed very good internal consistency (OECD, 2009b). This 
means that in science self-concept research with secondary school students, Marsh’s 
SDQ II (Marsh, 1992b) and the PISA 2006 science self-concept scale (OECD, 2009b) 
are thoroughly tested instruments with good psychometric properties. The advantage 
of the PISA scale over Marsh’s instrument is the fact that it does not contain negatively 
worded items. Further, it is available in multiple languages which allows for 
investigations in a wide range of regions of the world while still being able to be 
discussed within the scientific community with its dominant language English. If a 
study is conducted in a community in a language other than English, the researchers 
in the scientific community still know the source of the scale, its advantages and 
shortcomings, and the results can be compared to those from investigations in other 
regions of the world. This way, the quality of the study can be judged more accurately 
which is of utmost importance. It is, therefore, a very good option to choose this scale 
for an adaptation to the context of chemistry. 

Besides these three well-known scales, several other scales exist. Some of these are 
used in individual research projects and do not give details about the theoretical basis 
of the scale, the sources the items are based on, or the scale’s psychometric properties. 
This seems to be true even for some large-scale studies. For example, a documentation 
of the construction of the self-concept scale used in the ASPIRES study could not be 
found, except for the authors’ statement that it is based on established scales (DeWitt 
et al., 2011). Other difficulties can arise in longitudinal studies in which the self-
concept scale is repeatedly modified as in the case of the large-scale NELS study which 
is problematic if the self-concept data of different phases are compared (as e.g. in 
Chang, Singh, & Mo, 2007). Hardy (2014) provides scales for self-concepts of the 
individual science subjects. However, the items seem to assess self-efficacy rather than 
self-concept. Academic self-efficacy constitutes a person’s beliefs about his or her 
ability to fulfill particular tasks in achievement situations (Bong & Skaalvik, 2003). It 
is, therefore, a measure of the perceived control over the course of events (Bandura, 
1989, 1997). For measuring academic self-efficacy, the scales present particular 
problems and the participants are asked to state in how far they would expect to 
succeed to solve the problem (Bong & Skaalvik, 2003). Academic self-concept, in 
contrast, is a more generalized theory about a person’s abilities (Bong & Skaalvik, 
2003). It does not refer to control beliefs regarding specific tasks but to a general 
conception of one’s performance in a certain field. Although the two constructs are 
conceptually related, they do not constitute the same type of psychological construct 
(Bong & Skaalvik, 2003). Hardy’s (2014) scale seems to be more appropriate for self-
efficacy research but not for self-concept research. This confusion appears not only in 
this particular case but it occurs in other cases as well (e.g. in Ferguson & Hull, 2019; 
Wender, 2004). Neither of these scales present convincing options for measuring 
chemistry self-concept. In conclusion, the best option is, therefore, the adaptation of 
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a subscale of Marsh’s SDQ II (1992b) or, preferably, of the PISA 2006 science self-
concept scale (OECD, 2009b) to fit the context of chemistry education in secondary 
school. 
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The review of the literature shows that little research has focused on secondary school 
students’ chemistry self-concepts, compared to the attention that science and physics 
self-concepts have received which is also true for the German context. Based on the 
finding that students of ethnic minorities tend to have more negative science self-
concepts (e.g. Riegle-Crumb et al., 2011), the present research project aimed to 
understand:  

How does the cultural diversity present in Germany affect secondary school students’ 
chemistry self-concepts? 

This is the central goal of the present research project. Thus, the first and guiding 
empirical research question (EQ) was: 

(EQ1) What role do secondary school students’ cultural backgrounds play 
in the formation of chemistry self-concepts? 

Students’ cultural backgrounds were conceptualized as their migration backgrounds 
because this concept allows capturing cultural diversity due to the migratory 
movements in Germany. The definition of migration background as it had been 
employed in the official 2013 census in Germany (Statistisches Bundesamt, 2013) was 
used. This defines that “a person has a migration background if this person or at least 
one of his or her parents does not possess German citizenship by birth” (Statistisches 
Bundesamt, 2013, p. 4, translated). According to this definition, a person has a 
migration background not only if this person migrated to Germany but also the 
parents’ migratory movements are taken into account. This conceptualization of the 
students’ cultural backgrounds does not account for other aspects of culture such as 
e.g. religion, social class, hybrid cultures (Bhabha, 1994) and is in this respect limited. 
However, the concept of migration background has proven to be a powerful tool in 
the description of the social structure and social inequalities in Germany (e.g. Färber, 
Arslan, Köhnen, & Parlar, 2008) and it is particularly useful for research in secondary 
schools with mostly underage students (Gresch & Kristen, 2011). This is due to the 
fact that in Germany, many students are German citizens but grow up with relatives 
who migrated to Germany. The concept of citizenship, for instance, would not 
differentiate between these students and those whose parents possess the German 
citizenship by birth (Gresch & Kristen, 2011). The existing social disparities such as 
the differences in achievement would go unnoticed. Looking at migration background 
allows differentiating between these students’ situations. 

Since gender differences regarding science self-concepts of secondary school students 
have been shown repeatedly (article 1, see appendix; Rüschenpöhler & Markic, 2019a), 
and since gender is a cultural construct (Rubin, 1975), this variable was considered as 
well. The analyses regarding EQ1 were conducted first in a pilot study (article 2, see 
appendix; Rüschenpöhler & Markic, 2019b) and then in the main study (article 3, see 
appendix; Rüschenpöhler & Markic, 2020a) to test the validity of the findings from the 
pilot study. The assumption was that chemistry self-concept would be influenced by 
the students’ cultural backgrounds. In particular, science education literature suggested 
that (h1) students with a migration background have more negative chemistry self-
concepts than students without a migration background. This hypothesis was based 
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on the finding that students from most non-dominant ethnic groups tend to have 
lower science self-concepts (e.g. Riegle-Crumb et al., 2011). Further, the science 
education literature suggested that (h2) gender would be related to chemistry self-
concept. The assumption was that there would be the gender gap in favor of boys that 
had been reported on in science self-concept literature (e.g. Mujtaba & Reiss, 2016). 

In addition to the description of differences that might exist between boys and girls of 
different cultural backgrounds, the research project aimed to provide explanations for 
the observed phenomena. The thesis assumed that the home environment influences 
the development of students’ chemistry self-concepts. This assumption was based on 
two arguments: first, if differences between students with different migration 
backgrounds would be found in the German context, mechanisms in the home 
environment could be the reason for this because many students with a migration 
background are second-generation immigrants and have not lived in another country. 
Their migration background is thus due to their parents’ and not their personal 
migration history. Second, several empirical studies had shown that the home 
environment plays an important role in the formation of students’ science self-
concepts (e.g. Silinskas & Kikas, 2019; Simpkins et al., 2015). A conceptualization of 
how this influence could be exerted seems to be currently absent from the discussion 
in science self-concept literature. Therefore, a theoretical research question (TQ) 
needed to be addressed: 

(TQ) How could the influence of the home environment on students’ 
chemistry self-concepts be conceptualized? 

The goal was to develop a concept that would allow understanding the interplay 
between the cultural environment at home and chemistry self-concept in the German 
context. For this, the concept of science capital was transposed to the context of 
chemistry. This was done in article 4 (see appendix; Rüschenpöhler & Markic, 2020b). 
Based on this new concept, it was possible to address the second empirical research 
question in article 5 (see appendix; Rüschenpöhler & Markic, 2020c): 

(EQ2) How is students’ chemistry capital at home related to their 
chemistry self-concepts? 

Regarding this second empirical research question (EQ2), the hypothesis was that (h3) 
if students possess chemistry capital at home, they would develop more positive 
chemistry self-concepts. 

In addition to these empirical and theoretical questions, a methodological research 
question (MQ) needed to be addressed. This was based on the observation that self-
concept research is prone to bias when conducted in culturally diverse settings (Byrne, 
2002). 

(MQ) How could academic self-concept research proceed to control for 
measurement bias in culturally diverse settings? 

The goal was thus to develop an approach for culture-sensitive academic self-concept 
research. This was an essential part of the whole research project and, therefore, an 
overarching research question. The foundations of this approach were laid in the pilot 
study where the culture-sensitivity of the approach was evaluated (article 2, see 
appendix; Rüschenpöhler & Markic, 2019b). The main study used the approach as well 
but applied a different theoretical lens.  
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The research project was divided into two phases (fig. 1). In the first phase, a pilot 
study was conducted in which an approach to culture-sensitive academic self-concept 
research was developed to address the prevailing methodological difficulties in 
academic self-concept research. This approach was tested in a study investigating the 
impact of culture on chemistry self-concepts of secondary school students in 
Germany. This study followed a concurrent triangulation mixed methods design 
(Creswell, Plano Clark, Gutmann, & Hanson, 2003) and is described in more detail in 
article 2 (see appendix; Rüschenpöhler & Markic, 2019b). 

The pilot phase was followed by the main study which was conducted in three steps. 
In the first step, the hypotheses developed in the pilot study were tested (article 3, see 
appendix; Rüschenpöhler & Markic, 2020a). In the second step, an analytical 
framework was developed for investigating the home environments’ impact on 
chemistry self-concepts since this thesis assumed that this environment exerts a strong 
influence. This analysis based on qualitative data can be found in article 4 (see 
appendix; Rüschenpöhler & Markic, 2020b). The third step of the main study consisted 
in the integrated analysis of both data types in a mixed methods design. This study 
aimed to understand the relation between chemistry self-concept and the home 
environment in more depth (see appendix, article 5; Rüschenpöhler & Markic, 2020c). 

4.1 Pilot study 

4.1.1 Instruments 

Chemistry self-concept was measured using a Likert scale with nine items based on the 
model of self-concept by Shavelson et al. (1976). In the pilot study, these items were 
newly developed due to the lack of an instrument for measuring chemistry self-concept 
of secondary school students. Additionally, semi-structured qualitative interviews were 
conducted (Qu & Dumay, 2011). In these interviews, psychological processes 
associated with chemistry self-concepts were investigated with a special focus on 
learning, performance and social goal orientations. Further, the interviews allowed 
triangulating the quantitative self-concept data. This triangulation permitted assessing 
potential bias due to cultural differences. If students talked in the interviews about 
their abilities in chemistry, these oral statements could be compared to their self-
concept scores. This provided insights into the validity of the questionnaire data. 

4.1.2 Sample 

116 secondary school students from six schools in the northwestern part of Germany 
participated in the study. In this part of Germany, it depends on the school type when 
chemistry content is introduced in class. The data were, therefore, collected in grades 
7-10 in classes in which chemistry had already been taught. The students were on 
average 15 years old, 54.3 % were female and 54.3 % had a migration background 
according to the definition employed in the 2013 census (Statistisches Bundesamt, 
2013). The students with a Turkish or a Kurdish migration background were 
assembled in one group because all students who identified as Kurdish also stated to 
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have a Turkish migration background. This was the largest group of students with a 
migration background, making up 23.3 % of the total sample. 

The sample for the interviews was drawn from the students who participated in the 
questionnaire study. 43 students volunteered to be interviewed. Most students were 
interviewed in pairs, i.e. together with a classmate. 60.5 % were female, 55.8 % had a 
migration background and the students with a Turkish migration background made up 
20.9 % of the sample. Data collection in both parts of the study conformed to the 
declaration of Helsinki (World Medical Association, 2013). 

4.1.3 Analysis 

Quantitative analysis. After a reliability analysis of the questionnaire data using 
Cronbach’s α, two-way ANOVAs were conducted. First, the self-concepts of boys and 
girls with and without a migration background were compared, and then, the self-
concepts of students without a migration background and with a Turkish migration 
background were investigated. 

Qualitative analysis. The interviews were analyzed using Mayring’s (2014) summarizing 
qualitative content analysis in which the interview content was organized in three steps. 
This analysis focused on the students’ learning and performance goal orientations, 
their social goal orientations, and statements about their chemistry self-concepts, in 
the framework of Hattie’s (2008) model of the self. More information on the pilot 
study can be found in article 2 (see appendix; Rüschenpöhler & Markix, 2019b). 

4.2 Main study 

4.2.1 Instruments 

For the main study, quantitative data was again collected using a questionnaire while 
qualitative data was collected in semi-structured interviews. In the questionnaire, the 
students’ chemistry self-concepts, three indicators of learning goal orientations in 
chemistry (need for cognition, persistence, incremental theory of intelligence), three 
indicators of social support in chemistry (student support, teacher support, sense of 
belonging), and the perception of their linguistic abilities in chemistry class were 
measured. All scales except for the language scale were based on instruments available 
in both English and German that are established in their respective fields. The items 
were slightly adapted to fit the context of chemistry class and based on 6 point Likert 
scales. The language scale was newly developed because no appropriate measure could 
be found. The instrument was tested in three classes (N=68), after which two items 
from the language scale were deleted because it concerned aspects in chemistry that 
had not been covered in grade 8. More information, as well as an English version of 
the research instrument, can be found in article 3 (see appendix; Rüschenpöhler & 
Markic, 2020a). 

The interviews were semi-structured (Qu & Dumay, 2011), following an interview 
guide. The goal of the interviews was to gain insights into the role that chemistry plays 
in the students’ lives at home and in school. The interview guide was tested in a pilot 
study with four students from grades 8 and 9 from one school. These interviews are 
not part of the main study. After slight modifications based on the experiences from 
the four interviews, the interview guide was divided into the following sections: the 
students’ chemistry experiences in school, the role chemistry plays at home, and 
thoughts about their future engagement in chemistry. More information about the 
interviews can be found in article 4 (see appendix; Rüschenpöhler & Markic, 2020b). 
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4.2.2 Sample 

The questionnaire was filled in by 585 students from 30 classes in grades 8-10 attending 
10 different schools of the three traditional German school types (Gymnasium, 
Realschule, Hauptschule). All items were read aloud in class in order to help students 
understand the items in case of difficulties in reading comprehension. The students 
were between 12 and 18 years old (M=15), 45.5 % were female, 47.6 % had a migration 
background. 12.3 % of the total sample had a Turkish or Kurdish migration 
background. 

Individual interviews were conducted with 48 of the students who had filled in the 
questionnaire. Participation was voluntary in nature and all students were encouraged 
to participate in the interview study, regardless of their chemistry achievement and 
their attitudes towards the subject. This was done to gain insight into a broad range of 
student perspectives on chemistry. The students were aged 13-18 (M=15), 48 % were 
female and 83 % had a migration background. Data collection in both parts of the 
study conformed to the declaration of Helsinki (World Medical Association, 2013). 

4.2.3 Analysis 

Quantitative analysis. After data collection, the analyses were conducted in two phases. 
In analysis phase I (fig. 2), the questionnaire and interview data were analyzed 
separately. First, Cronbach’s α was calculated and confirmatory factor analyses were 
conducted for each scale of the questionnaire. This was followed by a two-way 
ANOVA in which the impact of gender and culture on chemistry self-concept was 
investigated. For this analysis, only the subsamples of boys and girls without a 
migration background and with a Turkish migration background (N=316) were used 
in order to test the hypothesis from the pilot study. Then, a multiple linear regression 
model was tested using the total sample of 585 students. With this model, the relations 
of chemistry self-concept with the students’ learning goal orientations in chemistry, 
their perception of social support in chemistry, and the perception of their abilities 
regarding chemistry language were investigated. More information on these analyses 
can be found in article 3 (see appendix; Rüschenpöhler & Markic, 2020a). 

Qualitative analysis. In the second part of analysis phase I (fig. 2), the interviews were 
transcribed and analyzed using thematic analysis (Braun & Clarke, 2006). The analysis 
procedure was divided into several steps, using different coding techniques defined by 
Saldaña (2016) and drawing causal networks (Miles, Huberman, & Saldaña, 2014) with 
case descriptions for each case. An extended description of the analysis procedure can 
be found in article 4 (see appendix; Rüschenpöhler & Markic, 2020b). 

Figure 2. Overview of the analysis procedure of the main study (see article 5, appendix; 

Rüschenpöhler & Markic, 2020c). 
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Mixed methods analysis. In analysis phase II (fig. 2), the data from both parts of the study 
were used in a mixed methods analysis with one point of interface. The goal of this 
analysis was to understand the relation between the home environment and chemistry 
self-concept. For this analysis, the interview and questionnaire data from all students 
who participated in the interviews were used (N=48). Due to the sample size, 
inferential statistics could not be conducted and Bayesian methods were not suitable 
either. Since this was the first study investigating this relationship, an informative prior 
could not be defined on empirical grounds that would have allowed conducting the 
analyses despite the small sample size. In order to gain first insights, descriptive 
statistics were, thus, conducted and displayed in boxplot diagrams. The trends showing 
in these diagrams were then analyzed with reference to the interview data to 
understand what might be happening. This type of analysis was conducted for the 
relation with chemistry self-concept and some related variables (indicators of learning 
goal orientations and the perception of abilities in chemistry language). Further details 
on the analysis procedure can be found in article 5 (see appendix; Rüschenpöhler & 
Markic, 2020c). 
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In this section, the results are presented according to the four research questions (see 
chapter 3). The section starts with empirical findings on the effects of gender and 
migration background on chemistry self-concept (EQ1, chapter 5.1). This is followed 
by a conceptualization of chemistry capital as an analytical tool for modeling the 
influence of the home environment on students’ chemistry learning (TQ, chapter 5.2). 
The relation of chemistry capital in the home environment and students’ chemistry 
self-concept (EQ2) is explored in chapter 5.3. Finally, methodological reflections and 
an evaluation of the mixed methods research design for culture-sensitive academic 
self-concept research is presented (MQ, chapter 5.4). 

5.1 EQ1. The effects of culture and gender on chemistry self-concept 

Both in the pilot study and the main study, the relationships between chemistry self-
concept, cultural background and gender were analyzed (EQ1). To do so, quantitative 
and qualitative analysis techniques were used. 

5.1.1 Quantitative data analysis 

Based on findings from science self-concept literature (article 1, see appendix; 
Rüschenpöhler & Markic, 2019a), it was expected that students with migration 
backgrounds would tend to show more negative chemistry self-concepts (h1). In 
addition, knowing that gender is a cultural construct and that it has a strong influence 
on science and technology self-concepts (article 1, see appendix; Rüschenpöhler & 
Markic, 2019a), this variable was included in the analyses as well. Based on the 
literature, the hypothesis was that a gender gap would show in favor of boys.  

The findings in the pilot study were surprising as some of them did not comply with 
the initial hypotheses (article 2, see appendix; Rüschenpöhler & Markic, 2019b). After 
assessing the reliability of the scale (Cronbach’s α=.86), screening the Q-Q-plots, and 
conducting a Shapiro-Wilk test (not significant at the .05 level), an ANOVA was 
conducted, comparing boys and girls with and without a migration background. The 
effect of migration background was not significant (p=.209): students with a migration 
background did not have significantly lower chemistry self-concepts than students 
without a migration background. Hypothesis 1 (h1) which had predicted that students 
with a migration background would have significantly lower chemistry self-concepts 
was, therefore, not confirmed. However, the effect of gender was significant (p=.046). 
This result confirmed hypothesis 2 (h2), according to which it was assumed that 
differences in chemistry self-concepts would show between boys and girls. In addition, 
the interaction effect of gender and migration background was significant (p=.013), a 
finding that could not be explained based on science self-concept literature. This first 
ANOVA was conducted to get an overview of the distribution of chemistry self-
concepts. 

Besides the comparison of the self-concepts of boys and girls with and without a 
migration background, the specific culture groups were of interest. In a second 
ANOVA, the self-concepts of boys and girls with a Turkish migration background 
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were compared to those of students without a migration background8. Here, the 
gender gap (p=.035) and the interaction effect of gender and cultural background 
(p=.028) were at a significant level, too, while the effect of the students’ cultural 
background alone was not significant (p=.127). This suggested that gender relations 
might differ between the students with a Turkish migration background and those 
without a migration background. Among students with a Turkish migration 
background, girls tend to be more confident in their abilities than boys while the 
inverse seems to be true among boys and girls without a migration background. 
However, the sample sizes in these analyses were small (Ntotal=116) and could, 
therefore, only provide first insights. 

Due to these limitations, the analyses were repeated in the main study using an 
independent, larger sample (N=585) (article 3, see appendix; Rüschenpöhler & Markic, 
2020a). After the assessment of scale reliability (Cronbach’s α=.91) and the factor 
structure in confirmatory factor analysis (good fit; SRMR=.026, CFI=.971), an 
ANOVA was conducted using the subsample of students with a Turkish migration 
background and without a migration background (N=316). Since Levene’s test was 
significant for gender (p<.01) and the interaction of gender and culture (p<.05), a 
robust analysis with a bootstrap was conducted using the modified one-step estimator 
of location and Mahalanobis distances available in the WRS2 package in R (Mair, 
Schoenbrodt, & Wilcox, 2017). Only the interaction effect of gender and culture was 
significant (p<.05). The main effects of gender (p=.843) and culture (p=.089) were not 
at a significant level. This confirms the finding from the pilot study that gender 
relations in chemistry self-concept might not be the same in the groups of students 
with a Turkish migration background and students without a migration background. 
The hypotheses (h1) and (h2) could not be confirmed. Instead, an unexpected 
interaction effect of gender and migration background appeared in both the pilot and 
the main study, when looking at students with a Turkish migration background and 
without a migration background. 

5.1.2 Qualitative data analysis 

As part of the pilot study, qualitative interviews with 43 of the 116 students were 
conducted (article 2, see appendix; Rüschenpöhler & Markic, 2019b). These interviews 
were based on Hattie’s (2008) model of the self in which the self is conceptualized as 
a chooser of different self-processes through which the self is protected, promoted, 
and preserved. The goal was to investigate whether boys and girls with different 
cultural backgrounds differ in the self-processes associated with their chemistry self-
concepts. Initially, the focus was laid on learning and performance goal orientations 
because according to Hattie (2008), these are highly important in educational contexts. 
In the process of data analysis, social goal orientations were included as well because 
these appeared to be highly relevant to a part of the students in the interviews. In the 
following, the results will be presented only of the boys and girls with a Turkish 
migration background and without a migration background because these were the 
largest groups. The presentation of the results is thus based on 28 out of 43 interviews. 

In the groups of students in which rather negative chemistry self-concepts prevail, i.e. 
among boys with a Turkish migration background (N=5) and girls without a migration 
background (N=12), the patterns of psychological processes appeared to be quite 
similar. The students in both groups tended to express rather weak learning goal 

 
8 The students with a Turkish migration background were chosen because they constituted the largest 
group among the students with a migration background in the sample. The other groups were too 
small for this type of analysis. 
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orientations but stronger performance goal orientations (article 2, see appendix; 
Rüschenpöhler & Markic, 2019b). In some cases, the performance goal orientations 
were reflected in entity theory of intelligence beliefs (Dweck, 2000), i.e. some students 
had the impression that they are unable to improve their abilities in chemistry which 
is part of the performance goal mindset. They perceived their abilities as predefined 
and fixed. Most striking in these two groups, though, were the social goal orientations 
and, in particular, the fact that some of these students expressed feelings of alienation 
in chemistry class. Some of these students described quite drastically how they feel 
unwelcome in chemistry class with their individual personalities and with the 
competencies they have. The boys with a Turkish migration background and the girls 
without a migration background, thus, seemed to share some similarities in their 
patterns of learning, performance, and social goal orientations. 

In contrast, the similarities were far smaller among students with positive chemistry 
self-concepts. The interview data suggested that there might be two culturally different 
patterns of goal orientations in the groups of students with rather positive chemistry 
self-concepts. The boys without a migration background (N=7) and the girls with a 
Turkish migration background (N=4) from this sample seemed to differ in their social 
goal orientations: their social relations with their chemistry teacher and their peers 
seemed to be of little salience in chemistry class for the boys without a migration 
background. They talked about the social context only to a minor extent and none of 
these boys mentioned that he had experienced feelings of social insecurity. In contrast, 
the social dimension appeared to be highly relevant for the girls with a Turkish 
migration background. The teacher seemed to be an important point of reference in 
chemistry learning to some of these girls. In addition, they liked to share their learning 
experiences with family and friends at home. Apart from these differences regarding 
the students’ social goal orientations in these two groups, these students shared certain 
similarities. In both groups, learning goal orientations and a focus on chemistry 
content seemed to be strongly present. In comparison to the girls without a migration 
background and the boys with a Turkish migration background, performance goal 
orientations seemed to be less important. The boys without a migration background 
and the girls with a Turkish migration background, who both tend to have rather 
positive chemistry self-concepts, thus, both seemed to have a strong focus on learning 
while they differ in their social goal orientations in chemistry. 

5.2 TQ. Chemistry capital as an analytical lens 

How could these differences between boys and girls with and without a migration 
background be produced? Besides the description of differences, the goal of this 
research project was to develop a deeper, more culturally embedded conceptualization 
of the discovered phenomena. The assumption was that the students’ families, or, 
more precisely, their home environments would play an important role because only a 
small number of students who have a migration background are first-generation 
immigrants who migrated to Germany and who have lived in another country before. 
The majority are second-generation immigrants whose parents have migrated to 
Germany. The question was thus how the influence of the home environment on 
students’ chemistry self-concepts could be conceptualized (TQ). 

To answer this question, an analytical tool was developed. The literature review (article 
1, see appendix; Rüschenpöhler & Markic, 2019a) had shown that only very few studies 
in science and technology self-concept research consider the influence of parents. 
Those that examine this potential influence had shown that the parents do play a role 
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in science self-concept formation (Liou, Wang, & Lin, 2019; Makwinya & Hofman, 
2015; Simpkins et al., 2015). However, these studies did not conceptualize this 
influence further. They showed that the role of parents is important, but they did not 
explain how this influence works using a model. 

Article 4 (see appendix; Rüschenpöhler & Markic, 2020b) proposes a 
conceptualization of how the home environment influences students’ chemistry self-
concepts (TQ). The model is based on the assumption that many students with a 
migration background are influenced by other cultures predominantly at home 
through family members and other significant persons. To understand the mechanisms 
of how the home environment influences chemistry learning, the concept of chemistry 
capital was developed in the main study based on science capital research (e.g. Archer 
et al., 2014). Chemistry capital is interesting because it is resource-oriented, i.e. it allows 
focusing on all entities that support students’ success in the field of chemistry. Further, 
it is more subject-specific than science capital. This could, in the long term, lead to 
application-focused research because it identifies concrete mechanisms through which 
students’ success in the field of chemistry can be supported. In the following (chapters 
5.2.1–5.2.4), the findings from this study will be described which served as the basis 
for the conceptualization of chemistry capital. Then, in the last part of this chapter 
(5.2.5), the value of this conceptualization for the analysis of the role of the home 
environment in the formation of self-concepts will be discussed. 

The conceptualization was based on the qualitative interview data from the main study. 
In the analysis of the interviews, the goal was to conceptualize the flows of chemistry 
capital the students reported on, in order to understand through which sources and 
mechanisms students acquire chemistry capital. The analyses revealed that chemistry 
capital depends to a large extent on the chemistry capital the students have access to 
at home. Due to this important role the home environment plays, four groups of 
students could be distinguished based on the chemistry capital they have access to at 
home. For each group, conceptual maps are available that visualize the flows of 
chemistry capital (fig. 3-6). 

5.2.1 Group 1. Students with chemistry capital 

The first group was composed of students who possess chemistry capital at home (fig. 
3). This was true only for a small group of students (6 out of 48). Five out of these six 
students attended Gymnasium, the German school type preparing for academic careers.  

 

Figure 3. Flows of chemistry capital in the group of students who have access to chemistry 
capital at home. Reprinted with permission (article 4, see appendix; Rüschenpöhler & 

Markic, 2020b). 
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One student attended Realschule. In these students’ homes, chemistry is part of everyday 
life. All six students reported that they have a person at home who is competent and 
willing to support the students’ chemistry learning. If there is something these students 
did not understand in class, they always have a person at home who can explain 
chemistry content and who can notice and correct the students’ misconceptions. Other 
than a resource of knowledge, these students find role models in their homes. They 
experience people who are excited about chemistry, who attribute a personal value to 
chemistry and who can explain the subject’s relevance. For these people, chemistry is 
a precious part of their lives. For the students, this can inspire a reflection about the 
personal and societal value of chemistry and lead to a strong emotional attachment. 
One girl, for instance, shows a remarkable emotional persistence: although she 
currently hates chemistry, she is convinced that one day she will grow to like the 
subject. This is due to her mother’s influence: she showed her daughter concrete 
contexts in which chemistry has a great utility value for society, in this case for waste 
treatment because the mother works as a scientist in this field. The girl does not give 
up learning chemistry although she experiences a lot of doubts regarding her abilities 
in the subject. Apart from the role chemistry capital at home plays in the emotional 
attachment and the acquisition of knowledge, it also becomes apparent regarding 
chemistry-related activities. Some students in this group conduct experiments at home, 
accompanied by close relatives or friends of the parents. These activities can constitute 
an integral part of social relationships as one case showed in particular. This boy 
conducts experiments with his grandfather in a special place in a garden house where 
the grandfather stores chemicals and other equipment. Conducting chemistry can 
become a favorite pastime of two generations in this group, be it parents with their 
children or grandparents with their grandchildren. 

5.2.2 Group 2. Students with general educational capital 

The second group was composed of students who have access to subject-unspecific, 
general educational capital at home (fig. 4). This was the case for a very small group of 
students in this sample (4 out of 48). Three of these students attended Gymnasium, one 
attended Realschule. The support the students receive is not chemistry-specific but still 

 

 

Figure 4. Flows of chemistry capital in the group of students who have access to general 
educational capital at home. Reprinted with permission (article 4, see appendix; 

Rüschenpöhler & Markic, 2020b). 
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plays an important role in the students’ acquisition of chemistry capital. In these 
students’ homes, the acquisition of knowledge is highly valued. Talking about 
chemistry content is welcomed at home because it enriches conversations and thereby 
deepens social relationships. Significant others such as parents or grandparents seem 
to adopt a general learner identity and to share this passion for learning with their 
children. This can contribute to chemistry learning as one case showed very 
impressively: one of the interviewees engaged in chemistry learning in order to be able 
to explain new chemistry content to her family. This allows her to engage in deep, 
meaningful conversations that she and her family enjoy very much. In addition to this 
emotional support, some parents are willing to pay for private tutoring and they share 
general learning experiences with their children such as watching and discussing 
documentaries together. 

5.2.3 Group 3. Students with very little capital with exchange value in chemistry 

The third group was composed of students who possess little capital at home that has 
exchange value in the field of chemistry (fig. 5). 9 out of 48 students from this sample 
fell into this category. Five attended Realschule, three Gymnasium, and one Hauptschule. 
In these home environments, some attempts are made to support the students’ 
chemistry learning but these are not always successful because there seems to be a lack 
of knowledge about how chemistry capital can be acquired. In two cases, the attempt 
to support the students’ chemistry learning failed. In one of these cases, the student’s 
cousin possessed chemistry capital but simply lived too far away for the young people 
to keep in contact regularly and to share chemistry capital. Another student received a 
notebook as a gift from his godmother which contained the periodic system of 
elements on the cover. With this, the godmother intended to support his chemistry 
learning but neither the student nor the godmother understood the periodic table and 
so they did not know how to use the notebook. However, in the case of one girl, 
chemistry-related support was successful. This girl’s mother accompanied her child’s 
learning process with the help of the chemistry textbook. They discussed the content 
and thereby acquired chemistry knowledge together. There was little educational 
capital present in this home environment but the capital that existed was used very 
effectively. Besides this, some students reported on conflicts between their parents’ 
world views and the world view adopted in chemistry class. Some parents did not know 
the concept of the particle structure of matter or they reject this idea, telling their 
children that this theory is wrong. This means that for some students in this group, 

 

 

Figure 5. Flows of chemistry capital in the group of students who have scarcely any 
chemistry capital at home. Reprinted with permission (article 4, see appendix; 

Rüschenpöhler & Markic, 2020b). 
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sharing core ideas from chemistry class can lead to tensions at home. Close relatives 
have only loose relations to chemistry.  

5.2.4 Group 4. Students whose home environments are shaped by the absence of chemistry 
capital 

The fourth group was composed of students in whose home environments chemistry 
capital with exchange value seems to be absent (fig. 6). This was true for 29 out of 48 
students in this sample. Almost all students attending Hauptschule (10 out of 11) fell 
into this category, while 14 students attended Realschule and four Gymnasium. These 
students do not have access to chemistry capital with exchange value at home. On the 
contrary, some of the students in this group experienced serious conflicts and barriers 
in the communication about chemistry at home. Some students explained chemistry 
at home as they would explain a foreign language since neither the core concepts of 
chemistry were known, nor the German terms for the substances and materials. 
Conflicts between the world view from chemistry class and the perspective of the 
students’ religions became apparent in some cases. Some of these students reported 
on serious arguments they had with close relatives about what they had learned in 
chemistry because it was perceived as incompatible with their religious world views. 
This can pose obstacles to the students’ chemistry learning because accepting 
chemistry knowledge means adopting the world view of chemistry and thereby risking 
a distance in the relationships with their families. Many students in this group perceived 
chemistry as irrelevant. One student explained that the chemical concepts do not make 
sense to her because they do not play a role in her private life. It can be assumed that 
some students implicitly ‘choose’ to perceive chemistry as irrelevant because this 
prevents conflicts in their private life. Not engaging in chemistry learning could, for 
some students, mean protecting the relationships with their families. The situation of 
some students in this group is aggravated by the fact that many of them were taught 
chemistry by teachers who do not hold a university degree in chemistry. This was the 
case for all students attending Hauptschule in the main study: all of these students were 
taught by teachers who did not study chemistry. This deprives the students of a source 
of chemistry capital which would be important for the students in particular since they 

 

 

Figure 6. Flows of chemistry capital in the group of students in whose home environments 
chemistry capital with exchange value seems to be absent. Reprinted with permission 

(article 4, see appendix; Rüschenpöhler & Markic, 2020b). 
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do not have access to chemistry capital at home. For some students, this absence of a 
chemistry teacher who would hold a university degree in chemistry results in restricted 
career options. Two girls in this sample aspired to a job in which chemistry knowledge 
is a prerequisite. Both of them estimated their chances to enter this career path to be 
rather low because they learned little about chemistry at school. Moreover, some 
students showed serious misconceptions during the interviews. 

In contrast to these patterns, there were also exceptional cases of students who did 
not follow this trend. Three students in this group developed strong individual 
chemistry capital even though they seemed to have no chemistry capital at home. Two 
of these students acquired chemistry capital through YouTube. These two boys 
followed a young, male YouTuber (Techtastisch, n.d.) who displays a ‘nerdy’ science 
identity (Archer et al., 2014). In his YouTube channel, the boys found both a resource 
of chemistry knowledge and a potential role model. One of these students even applied 
for jobs as a chemical production technician because he wanted chemistry to be an 
integral part of his working life after school. The YouTuber constitutes a source of 
chemistry capital for these students. This source seems to be relatively independent of 
the students’ social position. The YouTuber acts as a virtual role model, provides 
knowledge, and inspires chemistry-related activities. The third student who developed 
individual chemistry capital was a girl who deployed a remarkably strong learner 
identity. She was excited about chemistry because she loved to ‘brood’ over things and 
chemistry was something she liked to think about and to turn around in her thoughts. 
However, in contrast to the two boys, she did not have an external source of chemistry 
capital. Her brooding over chemistry took place only when she was alone, in her 
private room, and without any further stimuli. She, therefore, does not have access to 
a role model or some kind of virtual relation to a person who is deeply connected with 
chemistry. Her acquisition of chemistry capital is a solitary enterprise. 

5.2.5 The potential of the concept of chemistry capital for this analysis 

The concept of chemistry capital was developed in this research project as a tool for 
understanding the role of the home environment in the formation of chemistry self-
concepts. It allows discerning the resources individual students have access to that help 
them succeed in the field of chemistry. It was shown that resources in the family play 
a crucial role in the students’ acquisition of individual chemistry capital because they 
support the acquisition of knowledge, the development of positive attitudes towards 
chemistry, and chemistry-related activities. Further, this approach allows identifying 
concrete mechanisms through which the home environment and other factors support 
the students’ success in the field of chemistry.  

This could guide application-focused research. It was assumed that this identification 
of entities that could be worked on in interventions could also lead chemistry self-
concept research to more practical output. Science and technology self-concept 
research still lack practical impact (article 1, see appendix; Rüschenpöhler & Markic, 
2019a). Since self-concept and related beliefs and emotions are part of a students’ 
chemistry capital, the assumption was that the analytical perspective of chemistry 
capital could inspire interventions supporting students in developing positive 
chemistry self-concepts. For instance, the data suggested that some students 
experience serious conflicts when talking about chemistry at home. These can be due 
to the perceived incompatibility between the world view of chemistry and more 
spiritual world views. Moreover, these conflicts could reflect shifts in domestic power 
relations if students introduce chemical concepts at home that are unknown to the 
elder generation. Based on this knowledge, interventions could be planned that aim, 
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for example, at supporting the students and their families in conflict resolution and in 
finding a way of speaking about chemistry at home that does not harm their personal 
relationships. 

The qualitative data in this study suggest that the chemistry capital at home plays an 
important role in the development of students’ emotional attachment to the subject. 
Therefore, the assumption was that chemistry capital at home would be positively 
related to chemistry self-concepts. Evidence supporting this hypothesis was given in 
the interview data, for example in the case of the girl who hates chemistry but who 
remains open to rethinking her attitude towards chemistry. Her kind of emotional 
persistence and the openness to rethinking one’s concepts could play a role in the 
formation of chemistry self-concepts. Also, the fact that students who have access to 
chemistry capital at home receive support in their chemistry learning could have a 
positive effect on chemistry self-concept because it is to be expected that these 
students achieve better in chemistry than their classmates. According to the I/E model 
of self-concept, this would give these students an advantage regarding their external 
comparison processes. The hypothesis was, therefore, that chemistry capital at home 
would be positively correlated with chemistry self-concept (h3). 

5.3 EQ2. The relation of chemistry capital with students’ chemistry self-
concepts 

5.3.1 The relation of chemistry self-concept with chemistry capital at home 

The third hypothesis (h3) was that if students possess chemistry capital at home, they 
would develop more positive chemistry self-concepts. A linear relationship indicating 
a positive correlation was expected to show between the two variables. However, 
hypothesis 3 (h3) could not be confirmed. This became clear in the mixed methods 
analysis of the main study (article 5, see appendix; Rüschenpöhler & Markic, 2020c) 
when inspecting the distribution of the chemistry self-concept data in the four groups 
of students with different chemistry capital at home (fig. 7). No trend seems to exist 
between the two variables that could be described in clear mathematical terms (linear 
or curvilinear relationship). Rather, it seems like the chemistry self-concepts are 
distributed randomly across the four groups. To further understand what is happening, 
differences and similarities between cases of students with very positive (fig. 7; a, c, d, 
f) and very negative self-concepts (fig. 7; b, e, g) were investigated across all groups. 

Three out of the students with very positive chemistry self-concepts (a, c, f; see fig. 7) 
share a positive attitude towards chemistry, have career aspirations in a field that 
requires chemistry, and they engage in chemistry-related activities. This suggests that 
chemistry self-concept is independent of chemistry capital or that the relation between 
the two variables is more complex than it was assumed in the design of the present 
study. However, these three students differ in the type of chemistry-related activities 
they engage in: student (a), who possesses chemistry capital, likes doing experiments 
with his grandfather, an activity in which the grandfather transmits chemistry capital 
to his grandson. There is thus an unequal relationship in which the grandson learns 
from his grandfather. Student (c) watches documentaries with a parent. This activity is 
not chemistry specific but concerns also different topics and subjects. Chemistry 
capital is, therefore, not transmitted from one person to another but the two are in an 
equal relationship in which both learn from the documentaries. Student (f) does not 
have a partner in real life with whom he could exchange or acquire chemistry capital. 
His source of chemistry capital is a YouTuber and his chemistry-related activity 
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consists in watching this YouTuber’s videos. At home, these three students experience 
very different contexts. In terms of the internal and external frame of reference model 
(Marsh, 1986), academic self-concepts are formed through internal and external 
comparison processes. The fact that the three students (a, c, f; fig. 7) engage in 
chemistry-related activities in very different social constellations could change their 
frames of reference because they could compare their abilities in chemistry with the 
people with which they engage in the activities. However, the impact of these social 
contexts on chemistry self-concept cannot be defined based on the data in this study. 
For student (d) (fig. 7), for instance, the home environment seems not to be a relevant 
frame of reference for comparison processes in this development of a chemistry self-
concept. He compares his abilities only to his classmates. In his home environment, 
he does not have a person with whom he could share chemistry-related activities and 
to whom he could compare his abilities. Therefore, it appears natural to him to only 
consider comparisons with his classmates. His chemistry self-concept is very positive 
but shows an entirely different pattern: he neither has related career aspirations nor 
very positive attitudes towards chemistry. 

Regarding the students with rather negative chemistry self-concepts (b, e, g; fig. 7) 
across the groups, a clear relation between chemistry self-concept and chemistry capital 
did not become apparent either. One of the students (e) is very interested in chemistry 
while another (g) thinks the subject is boring and the third student (b) is not sure if she 
hates chemistry or if she thinks it is interesting. The hypothesis that chemistry capital 
at home has a positive impact on the development of the students’ chemistry self-
concepts was, therefore, not supported by the data. 

  

Figure 7. Boxplot diagram of the distribution of chemistry 
self-concept in the four groups with different chemistry capital 

in the home environment. High values for self-concept 
represent positive self-concepts (article 5, see appendix; 

Rüschenpöhler & Markic, 2020c). 

Figure 8. The distribution of need for cognition in chemistry 
in the four groups with different chemistry capital in the 

home environment. High values represent a strong need for 
cognition in chemistry (article 5, see appendix; 

Rüschenpöhler & Markic, 2020c). 
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Figure 9. The distribution of the incremental theory of 
intelligence in chemistry in the four groups with different 
chemistry capital in the home environment. High values 

represent a strong incremental theory of intelligence (article 5, 

see appendix; Rüschenpöhler & Markic, 2020c). 

Figure 10. The students’ perception of their linguistic 
abilities in chemistry in the four groups with different 

chemistry capital in the home environment. High values 
represent confidence in linguistic abilities (article 5, see 

appendix; Rüschenpöhler & Markic, 2020c). 

5.3.2 The relation of learning goal orientations and the perception of chemistry language with 
chemistry capital 

The relations of chemistry capital with learning goal orientations and the students’ 
perceptions of their abilities regarding chemistry language were investigated as well. 
This was done since the quantitative analyses in the main study (article 3, see appendix; 
Rüschenpöhler & Markic, 2020a) had shown correlations of these variables with 
chemistry self-concept. Regarding the students’ learning goal orientations, two 
indicators appeared to be interesting. For the need for cognition, in the chemistry 
capital groups, the mean values were almost equal (fig. 8) except for group 2 where the 
students scored higher on the need for cognition scale. The students in group 2 thus 
tend to have a stronger desire to engage in deep thinking in chemistry which indicates 
a strong learning goal orientation. This difference is interesting because the acquisition 
of knowledge is highly valued in these students’ homes. Sharing learning experiences 
reinforces social relationships and enriches conversations in this group. One student 
explained that she puts a lot of energy into learning chemistry content in school 
because this newly acquired knowledge is welcomed at home and her relatives are very 
curious about it. This suggests the existence of an interplay between the home 
environment and the students’ learning goal orientations. 

The students’ theory of intelligence beliefs (fig. 9) seemed to differ between the four 
groups of students with different chemistry capital indicating that a linear trend might 
exist. The students who possess chemistry capital at home tend to believe quite 
strongly that they can improve their abilities in chemistry. In contrast, in the group of 
students who do not possess any chemistry capital with exchange value at home, the 
mean value for incremental theory of intelligence is much lower which indicated that 
the students believe less strongly that they can improve their abilities in chemistry. In 
group four, the dispersion at the lower end of the spectrum is much more pronounced. 
The relationship between the two variables might be described accurately in a linear 
model. Learning goal orientations could thus be related to the chemistry capital the 
students possess at home. 
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Regarding the relation between chemistry capital in the home environment and the 
students’ perceptions of their linguistic abilities in chemistry, a clear linear trend could 
not be identified even though the highest mean value occurs in group 1 in which the 
students possess chemistry capital in the home environment (fig. 10). A look at the 
dispersion of the data in the four groups, however, appears interesting. The dispersion 
seems to be the largest in group 4 and the smallest in group 1 if student (b) is treated 
as an outlier. This trend could, of course, be due to the differences in sample size in 
these four groups and, therefore, due to measurement bias. This would require further 
investigation. 

The qualitative data provide valuable insights into the relation between chemistry 
capital in the home environment and the students’ perception of their linguistic 
abilities. It seems as if having difficulties with the language in chemistry means 
different things in the four groups. Student (b) has a very negative chemistry self-
concept (fig. 7) and also thinks badly of her linguistic abilities in chemistry (fig. 10). 
However, her problems with the language in chemistry are at a quite sophisticated 
level. She sometimes does not understand certain texts in her chemistry book. But she 
has a parent whom she always consults in such situations and who can support her 
reading comprehension in chemistry. In contrast, student (h), who also doubts her 
linguistic abilities in chemistry, does not have such a person at home. Her parents 
learned German as a second language and do not work in a chemistry-related field. 
Her difficulties with the language of chemistry are at a far more basic level. She 
sometimes has the impression that in chemistry class, “they speak a different language 
than me” which reflects a general impression of being foreign in chemistry class. She 
perceives the linguistic difficulties not in specific situations, e.g. regarding a particular 
text she did not understand, but her impression not to understand the language of 
chemistry is like being confronted with a foreign language. Having chemistry capital at 
home, again, seems to play a role in the frame of reference according to which 
difficulties are defined and also abilities are evaluated. 

5.4 MQ. Development and evaluation of the approach to culture-sensitive 
academic self-concept research 

The last core piece of this work which concerned the whole research project consisted 
in the development and evaluation of a culture-sensitive chemistry self-concept 
research approach. This was based on the finding in the literature review which showed 
that a culture-sensitive approach to science and chemistry self-concept research is 
lacking (article 1, see appendix; Rüschenpöhler & Markic, 2019a). This means that if 
the established methods are used in self-concept research in culturally diverse societies, 
bias cannot be controlled for. Since in German schools, students with various 
migration backgrounds work together, a way was needed to control for bias when 
investigating chemistry self-concept. To achieve this, a mixed methods approach to 
culture-sensitive academic self-concept research was developed and tested in a 
preliminary study (article 2, see appendix; Rüschenpöhler & Markic, 2019b). It is 
designed for academic self-concept research and can, therefore, be employed in 
various disciplines. In the main study, a mixed methods approach was employed as 
well.  

5.4.1 Integrating qualitative data into academic self-concept research 

Byrne (2002) had argued that in self-concept research, mixed methods approaches 
would allow controlling for bias in contexts where cultural diversity is present. 
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However, in science and technology self-concept research, the use of qualitative 
methods is rare (article 1, see appendix; Rüschenpöhler & Markic, 2019a) and in the 
sample of articles drawn for the literature review, there was no study about science 
self-concept that responded to Byrne’s concern. It was, therefore, not possible to draw 
on an existing approach to culture-sensitive self-concept research in the design of the 
present study. 

In the pilot study, a concurrent triangulation mixed methods approach (Creswell et al., 
2003) was chosen. With this design, qualitative data were (re-)integrated into academic 
self-concept research (for more details see article 2 in the appendix; Rüschenpöhler & 
Markic, 2019b). The mixed methods design operates with questionnaire data from 
items of the Likert type and additional qualitative interviews. The Likert scale data 
provide insights into the quantitative dimension of self-concept, i.e. its strength. The 
qualitative data serve two purposes: first, if students start to talk about their abilities in 
chemistry during the interviews, this allows comparing their oral statements with the 
quantitative data. This triangulation helps to reflect if the chosen Likert items are 
appropriate or if there is a dimension of self-concept or another aspect that was not 
considered in the questionnaire. Besides this control function, the interview data 
further allow deepening the understanding of the self-concept data. The students’ 
narratives can potentially provide insights into the role of chemistry self-concept in the 
students’ experiences with chemistry in their home environments, regarding their 
science identities and many more aspects. This is particularly interesting because self-
concept research has its origins in the Anglo-American regions where the narratives 
linked to academic self-concepts might be not the same as in other regions. When 
conducting studies with students from other regions of the world, investigating the 
students’ narratives linked to their academic self-concepts can help to better 
understand the role self-concept plays in these students’ lives. 

For the main study, a mixed methods design was chosen as well but not with the 
purpose to triangulate the data (control function) but with the aim to examine 
chemistry self-concept from the sociological perspective of chemistry capital 
(deepening of the understanding) (article 5, see appendix; Rüschenpöhler & Markic, 
2020c). The particular type of mixed methods design could not be adequately 
described with the taxonomy by Creswell and colleagues (2003) because it did not fall 
into the predefined categories. Guest (2013) proposed to describe mixed methods 
research with a focus on the points of interface where the data types are mixed instead 
of employing taxonomies classifying entire research projects. He proposed to analyze 
the time and the purpose of mixing. For the main study, data collection was 
concurrent, and the point of interface was at data analysis (time) and served to deepen 
the understanding of chemistry self-concept from a sociological point of view. 

5.4.2 Evaluation of the approach 

The concurrent mixed methods approach to culture-sensitive academic self-concept 
research employed in the pilot study proved to be suitable to uncover both 
measurement and conceptual non-equivalence (Byrne et al., 2009). This conclusion 
was drawn based on the empirical data used in the pilot study (article 2, see appendix; 
Rüschenpöhler & Markic, 2019b). 

The triangulation suggested that no substantial measurement bias occurred. For 
assessing the presence of measurement bias, two aspects were considered: first, the 
content of the students’ oral descriptions of their abilities was compared to their self-
concept scores. In the present study, this was done by comparing the oral statements 
with the deviations from the average chemistry self-concept score. For instance, if 
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students who have above average self-concept scores describe their abilities in a 
positive way in the interviews, this was judged to be a situation in which the data 
correspond to each other. This was the case in the pilot study where no mismatches 
were detected. Second, the salience of self-concept was assessed. If one group of 
students (e.g. boys without a migration background) talked a lot about self-concept in 
the interviews while the inverse was true for another group (e.g. girls with a Turkish 
migration background), this could indicate that the construct is not equally salient in 
both groups. However, this was not the case in the pilot study. Measurement bias 
seemed not to play an important role. 

Conceptual non-equivalence seemed to be present in the pilot study and this in two 
respects. First, the relation between chemistry self-concept and gender seemed to 
differ when comparing boys and girls without a migration background and with a 
Turkish migration background. Second, the salience of the social goal orientations 
differed between the four groups. In particular, the interview data suggested that for 
the girls with a Turkish migration background, who on average showed strong 
chemistry self-concepts, the social embeddedness of chemistry learning is an important 
issue. These girls seemed to think about chemistry learning as embedded in their social 
context – their relation to the chemistry teacher and to their peers appeared to be an 
important issue for these girls. In addition, the phenomenon of sharing chemistry 
learning experiences by showing photos from class to family and friends was reported 
on in this group only. This is remarkable when looking at the boys without a migration 
background who on average had comparably strong chemistry self-concepts. These 
boys did not talk about the social context in class or their relationships with family and 
friends when asked about their chemistry experiences in the interviews. The social 
context appeared to be related very differently to chemistry self-concept in these two 
groups. This suggests that conceptual non-equivalence seems to be present when 
examining the relations of chemistry self-concept with variables such as gender and 
the perception of the social structure in which chemistry is embedded. 

Apart from the assessment of these two types of non-equivalence, the mixed methods 
approach to academic self-concept research inspired the quest for explanations of the 
discovered phenomenon. The qualitative data provide a basis for trying to gain a 
deeper understanding of the reasons for the conceptual non-equivalences discovered 
in the pilot study: the quantitative data inspired the hypothesis that chemistry might 
be associated differently with masculinity while the qualitative data suggested that it is 
easier for girls with a Turkish migration background to integrate chemistry learning in 
their social selves, while this seems to be very difficult for girls without a migration 
background and a lot of other students. 

In the main study, this deepening of the understanding of chemistry self-concept was 
aimed for, using the sociological perspective of chemistry capital. A relationship 
between chemistry self-concept and chemistry capital that could be described 
quantitatively using linear or curvilinear models was not found. However, the mixed 
methods approach in the main study allowed exploring similarities and differences 
between cases and developing possible explanations for the discovered phenomena. 
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The starting point for this research project was the observation that important social 
inequalities exist in the field of science in Germany: in secondary education, there are 
substantial achievement gaps in science to the detriment of students with a migration 
background (OECD, 2016d). This kind of gap is present in many countries but to 
varying degrees. Students from the same country of origin achieve substantially better 
in some other countries than Germany (Zoido, 2013). Besides, females are 
underrepresented in science-related fields on the job market in Germany (OECD, 
2009a) which reflects gender-related inequalities in the field of science. 

These differences were examined through the lens of self-concept research because 
self-concept is widely acknowledged as a central variable for understanding career 
choices and achievement. The focus was then narrowed down to the chemistry self-
concepts of secondary school students because chemistry has been identified as an 
important gate-keeper for the pursuit of careers in science in this area (Cohen & Kelly, 
2019). In the following, central findings from the present research project are critically 
scrutinized (6.1). This is followed by a discussion of the theoretical and methodological 
advances made in this research project towards more culture-sensitive chemistry self-
concept research (6.2). Then, the potential practical impact will be discussed (6.3) and 
finally, the limitations of this work will be considered (6.4). 

6.1 Empirical findings about chemistry self-concepts of secondary school 
students in Germany 

The first core part of the present research project was empirical and aimed at gaining 
knowledge about the chemistry self-concepts of secondary school students in 
Germany. Subject-specific knowledge in the evaluated literature was limited to 
chemistry self-concepts of young adults in higher education. Therefore, mainly general 
science education literature had to be referred to when deriving hypotheses about the 
role that culture might play in the chemistry self-concepts of secondary school students 
in Germany. 

Three hypotheses were proposed, based on the reviewed literature. 

(h1) It was assumed that students with a migration background would have lower 
chemistry self-concepts than students without a migration background. Similar 
findings had been made in several studies regarding the science self-concepts 
of students from ethnic minorities (e.g. Simpkins et al., 2015). 

(h2) The second hypothesis concerned gender relations. Gender is an interesting 
construct because gender conceptions are cultural in nature (Rubin, 1975) and, 
therefore, reflect cultural patterns. Regarding science and physics self-concept 
in Western countries, a gender gap in favor of boys had been reported on 
numerous times (e.g. in Germany: Jansen et al., 2014; in the United States of 
America: Riegle-Crumb et al., 2011). It thus seemed reasonable to assume to 
find similar gender relations in chemistry self-concept as well.  

(h3) A further assumption was that students who possess chemistry capital in their 
home environments show more positive chemistry self-concepts. This 
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assumption was based on literature showing the importance of parents in the 
development of science self-concepts (e.g. Makwinya & Hofman, 2015). 

Surprisingly, the empirical data collected in the course of the project revealed a 
different pattern. A gender gap in chemistry self-concepts of secondary school 
students in Germany appeared only in the pilot study. The main study, which was 
larger dimensioned and thus has greater statistical power, did not confirm this. Here, 
gender did not show a significant effect on chemistry self-concept. The hypothesis that 
students with a migration background have more negative chemistry self-concepts 
could not be confirmed: in both the pilot and the main study, no significant effect of 
migration background on chemistry self-concept could be detected. The first two 
hypotheses (h1 and h2) were thus not confirmed. 

Instead, an unexpected effect became apparent: an interaction effect of culture and 
gender appeared when looking at students with a Turkish migration background and 
students without a migration background. This was true for both the pilot and the 
main study and can, therefore, be considered sufficiently supported by empirical data. 

Since this finding of an interaction effect of gender and cultural background was 
unexpected based on the body of literature, the resulting follow-up question was how 
to explain it. The qualitative data from the interviews in the pilot study suggested that 
the girls with a Turkish migration background might tend to integrate chemistry into 
their social lives more easily than the girls without a migration background. What 
possible causes could lead to and explain this effect? 

Literature on gender differences in science in Turkish society provides one possible 
explanation. Turkey is one amongst the few countries in which slightly more women 
than men are working in science-related fields (OECD, 2009a). Although this gender 
gap in favor of women is very small, it indicates that science might not be associated 
as strongly with masculinity than in many other contexts, especially in the Western 
countries and also in Germany, where much more men than women tend to work in 
science-related fields (OECD, 2009a). In Turkey, this absence of the gender gap in 
favor of males in science shows in student performance as well: in Turkey, school girls 
outperform boys in science which showed in the PISA (Batyra, 2017a) and TIMSS 
studies (Batyra, 2017b). This provides further evidence supporting the hypothesis that 
science might be associated differently with gender in Turkey and Germany. 

If this is true, the question arises of how these gender conceptions could have possibly 
been transported to second-generation immigrants, i.e. young people who have spent 
all their lives in Germany. Only slightly more than 30 % of people from Turkey living 
in Germany are first-generation immigrants (calculation based on table 5 from 
Statistisches Bundesamt, 2013). The remaining 70 % are people who are born in 
Germany. Among children and adolescents, the proportion of first-generation 
immigrants is probably far smaller. How could these students possibly be influenced 
by gender relations in science that exist in Turkey? 

It can be assumed that this takes place in the students’ private lives where many of 
them are in close contact with people who have lived in Turkey themselves. For many 
students, their parents play an important role at home. To analyze the transmission 
processes of knowledge, beliefs, values, emotions, etc. with possible influence on 
chemistry self-concept between parents (or other significant people in the home 
environment) and the students, the concept of chemistry capital was developed and is 
now available. Although this first investigation suggested that no linear relationship 
exists between chemistry self-concept and chemistry capital in the home environment, 
it provides valuable insights into the influence of the students’ home environments on 
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their personal connections with chemistry. Different explanations of this finding are 
discussed in more detail in article 5 (see appendix; Rüschenpöhler & Markic, 2020c). 
To date, however, the relation between chemistry self-concept and chemistry capital 
in the students’ home environments is not sufficiently clear. The question of how 
students with a Turkish migration background who have lived all their lives in 
Germany could possibly be influenced by the gender relations in Turkey remains open. 

One interesting path could be the analysis of chemistry-related symbolic capital 
(Bourdieu, 1994) that exists in the students’ home environments. Symbolic capital has 
not yet been conceptualized for the field of science or chemistry capital research. 
According to Bourdieu (1994), symbolic capital is the prestige of certain entities in a 
specific field. For instance, it could be hypothesized that in the home environments of 
students with a Turkish migration background it is prestigious to be a young woman 
interested in and good at science and chemistry. Young women who are engaged in 
science would then possess more symbolic capital if they live in this type of home 
environment than in a home environment in which people rather disapprove of 
females who are engaged in science. The present research project does not provide 
evidence for or against this hypothesis because symbolic capital was not considered. 
However, chemistry capital provides a framework for further conceptual advances in 
this regard. 

Further, the findings from the qualitative interviews also raise the question if there 
might be structural inequalities in the German school system (article 4, see appendix; 
Rüschenpöhler & Markic, 2020b). Hauptschule is a traditional school type that still exists 
in some regions in Germany. It has comparatively low entry requirements and students 
with a migration background tend to be overrepresented in this type of school 
(Göttsche, 2018). Middle-class students without a migration background are 
overrepresented at Gymnasium while at Hauptschule, far more students with a working-
class and a migration background are present (Carey, 2008). In the main study of this 
research project, the students attending Hauptschule were all taught chemistry by 
teachers who do not hold a respective university degree. This is especially problematic 
because most students attending Hauptschule in the sample lived in a home environment 
in which chemistry capital was present only to a very limited extent. The fact that their 
teachers were not certified for teaching chemistry seemed to aggravate these students’ 
situations. For two students, this led to doubts whether they could apply for their 
preferred apprenticeships because these require chemistry knowledge. There is 
evidence that at Hauptschule, the ratio of lessons provided by teachers who do not hold 
a university degree in the respective subject they teach is far higher than at Realschule 
or Gymnasium (Richter, Kuhl, Haag, & Pant, 2013). This points to one mechanism 
through which the strong social stratification present in the German school system 
(Carey, 2008) might be perpetuated. If access to lessons held by certified chemistry 
teachers is much more restricted at Hauptschule than it is at Gymnasium, it deprives many 
working-class students and many students with a migration background of a potential 
source of chemistry capital because these groups are overrepresented at Hauptschule. 
These groups probably already possess less chemistry capital in their home 
environments than the average middle-class student at Gymnasium where most 
chemistry lessons are taught by certified chemistry teachers. This could be a 
mechanism that aggravates the existing social disparities in the German school system 
(e.g. a dispersion of science achievement which is significantly larger than the OECD 
average or the fact that 27.5 % of students from schools other than Gymnasium – the 
school types in which students with a migration background are overrepresented – 
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lack basic scientific literacy, a phenomenon which is almost absent at Gymnasium (PISA 
2018, Schiepe-Tiska et al., 2019)). 

It is important to note that the present research project cannot provide an answer to 
the question if the German school system systematically disadvantages students with 
little chemistry capital in chemistry education. For this, data of a different type would 
be needed, for instance, an overview of chemistry and science lessons provided by 
teachers who hold a university degree in chemistry using a representative sample of 
schools. This type of data would allow finding an answer to the question of structural 
inequalities. In terms of chemistry capital, it could be insightful to examine and 
compare differences in the chemistry capital of the teachers with and without a 
university degree in chemistry and the transmission of chemistry capital to their 
students. The situation of teachers without a chemistry degree seems not to have 
inspired much research in Germany, implying that the transmission processes of 
chemistry capital from these teachers to their students remain insufficiently 
understood. Analyses of this type will, however, probably only have effects on the 
situation in schools if they inform the communication with policymakers.  

6.2 Conceptual and methodological issues 

The second core part of this research project was conceptual and methodological. The 
review of the science self-concept literature revealed that research in this field faces 
methodological difficulties. One problem is that a multitude of different instruments 
of varying quality is available. Choosing an appropriate instrument wisely is now 
facilitated by the overview provided in article 1 (see appendix; Rüschenpöhler & 
Markic, 2019a). Another problem is that science self-concept research does not follow 
the recommendations for culture-sensitive self-concept research expressed by several 
scholars (e.g. Byrne, 2002; Byrne et al., 2009; van de Vijver & Poortinga, 2005). This 
is especially problematic because, in this field, comparisons between the data of 
different nations and cultural groups are very common. A practical approach to 
culture-sensitive academic self-concept research was needed because, in Germany, 
students with many different cultural backgrounds learn chemistry in school together. 
The impact of this cultural diversity on academic self-concept research was unknown. 

This challenge to develop an approach to culture-sensitive academic self-concept 
research was addressed in the present research project. A concurrent triangulation 
mixed methods approach (Creswell et al., 2003) to culture-sensitive chemistry self-
concept research is suggested and now available (article 2, see appendix; 
Rüschenpöhler & Markic, 2019b). It constitutes a methodological advance for 
academic self-concept research by proposing a way to deal with methodological 
challenges that cultural diversity poses to the existing academic self-concept research. 
Using interviews in addition to a Likert questionnaire with good measurement 
properties (for advice see article 1, see Rüschenpöhler & Markic, 2019a), allows 
triangulating self-concept data. This triangulation provides the opportunity for 
investigating measurement and structural equivalence which cannot be controlled for 
using the established methods only. In this regard, the mixed methods approach to 
culture-sensitive self-concept research advances the field by proposing a control 
mechanism for two types of bias identified by Byrne and colleagues (2009). 

The strength of the approach lies in the revision of the theoretical foundation of 
academic self-concept research. The fact that in science self-concept research, the 
Shavelson and Marsh models (Marsh, 1990c; Shavelson et al., 1976) dominate the field 
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(article 1, see appendix; Rüschenpöhler & Markic, 2019a), poses challenges to culture-
sensitive academic self-concept research because on the one hand, this provides a solid 
basis for conducting self-concept research but on the other hand, this can narrow the 
focus of investigations. It can, therefore, be beneficial to reconsider the theoretical 
basis this research field is built upon, discussing foundational theories like James’ 
(1890) as well as more recent developments in related fields that are distinct from but 
still connected with self-concept research, such as Hattie’s theory of the self (2008). 
This consideration of the theoretical foundations and new theoretical perspectives can 
help to assess the research field’s power and its deficits.  

The pilot study used Hattie’s theory of the self (2008). This theory shifts the attention 
towards the ‘I’, the active part of the self, according to James’ (1890) distinction 
between the ‘I’ and the ‘Me’. For culture-sensitive investigations of academic self-
concept, this perspective can provide valuable insights because it allows focusing on 
the interplay between the ‘I’ constructing the ‘Me’. The patterns in these construction 
processes follow rationales that could be embedded in cultural contexts. With Hattie’s 
theory, a process-oriented psychological perspective is introduced to academic self-
concept research. By considering alternative perspectives on academic self-concept, it 
opens academic self-concept research data to critical scrutiny and inspires reflections 
on the cultural embeddedness of the findings. 

One downside of using Hattie’s theory of the self is the fact that it is very complex. It 
shifts the focus towards a wide range of psychological processes that constitute the 
self. The spectrum of these processes is not limited and, therefore, of a complexity 
that impedes the construction of scientific investigations. Therefore, the pilot study 
focused on selected psychological processes. A priori, learning and performance goal 
orientations were chosen because these are important in educational settings (Hattie, 
2008). A posteriori, social goal orientations were added because these appeared to be 
relevant to the students who participated in the interviews. This goal-oriented 
approach could be useful also in other fields of academic self-concept research because 
learning, performance, and social goal orientations are not only important in chemistry 
education but in other academic fields as well. 

The second step consisted in the development of a sociocultural perspective on 
chemistry learning with the aim to further investigate the role of culture in the 
formation of chemistry self-concept. The intention was to conceptualize the school 
contexts and the home environments in which the students’ chemistry self-concepts 
are embedded. This was based on the assumption that in Germany, where many 
students are second-generation immigrants, processes in the students’ home 
environments could play a role in the formation of the individual chemistry self-
concepts, i.e. that home environments contribute to the development students’ beliefs 
about their abilities in chemistry. The concept of chemistry capital is now available as 
a conceptual tool to investigate this type of influence (article 4, see appendix; 
Rüschenpöhler & Markic, 2020b). This conceptual framework aims to enrich 
chemistry self-concept research with a sociocultural perspective. With its roots in 
sociological theory (Bourdieu, 1979, 1986), it could provide a framework for 
investigating the sociocultural structures in which the mental phenomenon of 
chemistry self-concept could be embedded. The underlying assumption is that 
chemistry self-concept, although being psychological in nature, depends on the 
sociocultural context. This assumption is based on the findings about gender and 
culture differences in self-concept. Chemistry capital constitutes an analytical lens for 
investigating the transmission processes of all types of capital in the Bourdieusian sense 
between home, school and the individual student, including the transmission of 
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emotional and cognitive capital. This analytical perspective could open the analysis of 
the distribution of self-concepts to a more context-oriented perspective, shifting the 
focus from the individual student to the sociocultural structures in which certain 
patterns of self-concepts appear, e.g. the gender gap in science self-concept that has 
been reported on numerous times. This can produce slight shifts in the perceived 
responsibility for certain self-concepts: instead of only identifying groups of students 
whose chemistry self-concepts need to be improved, the lens of chemistry capital can 
potentially help to identify mechanisms that are beneficial for positive chemistry self-
concepts. The goal of chemistry capital research would be to find ways of supporting 
such productive mechanisms for students who possess only little chemistry capital with 
exchange value, and to change teaching practice in a way that takes the students’ 
different home environments into account (see chapter 6.3). 

Several theoretical and methodological aspects remain to be answered: the mixed 
methods approach to culture-sensitive academic self-concept research allows reflecting 
on two types of bias defined by Byrne and colleagues (2009). The third type of bias, 
i.e. bias occurring in the interpretation process (Byrne et al., 2009) could not be 
controlled for. This type of bias refers to the interpretation of differences found in the 
data of empirical studies. What guides researchers in the definition of the reasons that 
create these differences? It has been argued that these interpretations are often based 
on intuition. For instance, it is common to explain differences in the social domain 
with culture but this is uncommon in the cognitive domain (Byrne et al., 2009). For 
dealing adequately with bias in the interpretation process, researchers in self-concept 
research but also in other fields would need a deepened knowledge about human 
interpretation processes.  

Further, a clear link between chemistry self-concept and chemistry capital could not 
be shown in the present research project. The reasons for this are not yet known. It 
could be due to methodological limitations in the research process of the present 
project, i.e. the small sample in the final mixed methods analysis and the lack of an 
adequate instrument that would allow for quantitative data analyses. Alternatively, it is 
equally possible that chemistry capital does not provide an adequate framework for 
analyzing the sociocultural embeddedness of chemistry self-concept. This question 
remains open. Article 5 provides an extensive discussion of the various alternative 
explanations for the results (see appendix; Rüschenpöhler & Markic, 2020c). 

6.3 Potential practical applications 

Culture-sensitive research is important to understand central phenomena in chemistry 
education while taking into account the existent cultural diversity. However, the 
ultimate goal is to make chemistry education more equitable. This means that either 
chemistry teaching practice or the structures in which chemistry education takes place 
should benefit from this kind of research. Although the present research project is not 
application-focused in itself, it has the potential to advance culture-sensitive chemistry 
education. 

In Germany, culture-sensitive chemistry teaching is a topic that seems to have been 
covered only marginally. Tajmel presented “Grundzüge” (Tajmel, 2017) of an 
approach to physics education which takes the history of migration in Germany into 
account. The term ‘Grundzüge’ can be translated into English as ‘basics’ or 
‘fundamentals’. It is astonishing that just two years ago, the basics of this field of 
research needed a specification. The authors she referred to in the design of the basics 
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are mostly either from other countries than Germany or other disciplines than science 
education. This suggests that the field remains explored to a little extent although, in 
the field of language-sensitive teaching, important advances have certainly been made 
(e.g. Leisen, Kruczinna, & Bennung, 1999; Tolsdorf & Markic, n.d.). Markic (2018) 
argued that culture-sensitive chemistry teaching in Germany can be based on the 
concept of intercultural communication. The approach focuses on the learning of 
scientific language and intercultural communication in chemistry class and was tested 
in an empirical study with concrete teaching material developed in Participatory Action 
Research (Eilks & Ralle, 2002). The teaching module about healthy eating from this 
study engaged students in dialogues about food in different cultures and seemed to 
increase their openness towards eating styles in different cultures. However, the 
conceptions of culture-sensitive chemistry teaching and the definition of the concrete 
problems that need to be solved in the German context require attention. The culture-
sensitive teaching approaches from other countries can constitute valuable resources 
but it is essential to question in how far the approaches apply to Germany or if they 
solve problems that are not embedded in the German context. 

One attempt to conceptualize culture-sensitive chemistry teaching has been developed 
in a project for first-generation immigrant students in secondary school who newly 
arrived to Germany (Rüschenpöhler & Baginski, accepted). This concept is based on 
concrete teaching material (Rüschenpöhler, 2017, 2018) and concrete teaching 
experiences that have been made over several years. The goal is to support newly 
arrived students in chemistry classes using the concept of ‘teaching culture sensitivity’ 
(Rüschenpöhler & Baginski, accepted). It argues that the local ‘teaching cultures’ in 
German chemistry classes need to be made explicit for the students. Some newly 
arrived students have experienced very different ways of teaching and learning 
chemistry in other countries or they have had no chemistry education at all in the 
schools they attended before. ‘Teaching culture sensitive’ chemistry education is, 
therefore, based on techniques for explicating ways of thinking and acting, linguistic 
structures that are being used in this specific local context, and behaviors that are 
expected from the student in this local context of chemistry class. In this approach, 
the goal is to combine learning chemistry content with language-sensitive chemistry 
teaching, supporting the use of other languages than German in chemistry class and 
the explication of the ‘hidden rules’ in chemistry class – i.e. the norms and values that 
usually remain unsaid. 

This latter concept could be used as a step towards a teaching concept for culture-
sensitive chemistry education in Germany. However, it is limited in three regards: (i) it 
is designed for working with newly arrived immigrants in the regular school system 
which is only a small part of students. Further, it is relatively new and, therefore, lacks 
(ii) theoretical precision and a positioning in relation to concepts of culture-sensitive 
teaching in Germany and other regions of the world and it lacks (iii) a clear 
conceptualization of the tools for teachers and the ways of thinking and acting that 
can lead to more culture-sensitive chemistry teaching.  

Chemistry capital research could be useful to advance this approach – the practical 
approach of ‘teaching culture sensitive’ chemistry education and the theoretical lens of 
chemistry capital could complement each other. Both are resource-oriented (based on 
Baginski’s (2016) ideas; more explicit in Rüschenpöhler & Baginski, accepted) which 
could facilitate the mutual exchange. Chemistry capital research could benefit from a 
foundation in practical applications. Although there is a science capital teaching 
approach (Godec et al., 2017), this remains quite subject-unspecific and would profit 
from concrete applications. ‘Teaching culture sensitive’ chemistry education, in turn, 
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is deeply rooted in practice which means that its theoretical foundation could benefit 
from further clarifications. From the perspective of chemistry capital, making the 
‘hidden rules’ of chemistry class explicit – as it is done in the ‘teaching culture sensitive’ 
approach (Rüschenpöhler & Baginski, accepted) – can be interpreted as explaining the 
specific forms of capital that are recognized as valid in a local context of chemistry 
education in a particular class or school. ‘Teaching culture sensitive’ chemistry 
education could further benefit from the perspective of chemistry capital if it is used 
as a source of inspiration for developing new ways that allow students to fully 
participate in and benefit from chemistry teaching, irrespective of their cultural 
background. Also, chemistry capital could help to systematize the developed teaching 
methods and tools. This approach could also benefit from the insights gained on 
gender relations in chemistry-self-concept if gender is acknowledged as the cultural 
category it is. 

When developing culture-sensitive chemistry teaching approaches, the education of 
chemistry teachers needs to be considered as well. A preliminary study 
(Rüschenpöhler, Markic, & Schneider, submitted) explored German chemistry 
teachers’ views on the role of culture in their chemistry teaching. The sample size was 
small (N=7) in this study because deep, explorative interviews were conducted and 
analyzed qualitatively. The findings are, therefore, not representative of chemistry 
teachers in general. However, the study shows three aspects that could be trends in the 
chemistry teacher community in Germany: (i) at the level of subject-unspecific 
pedagogy, the teachers tended to express a culture-sensitivity and an interest in 
working with students with diverse cultural backgrounds. (ii) In contrast to this, they 
perceived chemistry teaching and learning as independent of culture (a “culture-free 
zone”, Rüschenpöhler et al., submitted). Culture appeared as a variable that is 
irrelevant in chemistry teaching. (iii) They did not know any material or teaching 
approaches that would allow for culture-sensitive chemistry teaching. Regarding these 
three findings, it is important not to interpret this as a deficit on the side of the 
teachers. Rather, the findings reflect the current state of research in chemistry 
education. For the German context, little knowledge is available about culture-
sensitivity in chemistry education and this shows also in the teachers’ views on the role 
of culture in chemistry education. Any approach to culture-sensitive chemistry 
teaching for the German context, therefore, needs to consider the education of 
teachers. 

6.4 Limitations 

This work is limited in several regards. The first aspect concerns the sampling in the 
pilot and main studies. For certain analyses, the samples in the pilot and main studies 
were relatively small, in particular regarding the qualitative studies. In the pilot study 
(article 2, see appendix; Rüschenpöhler & Markic, 2019b), the overall sample size for 
the qualitative interviews was good (N=43) but focusing on and differentiating 
between students with a Turkish migration background and students without a 
migration background and further differentiating between boys and girls limited the 
sample sizes in the subgroups to 4-12 students. The insights gained in the qualitative 
analyses are, therefore, exploratory in nature and do not claim generalizability. A 
similar situation occurred in the qualitative interview analyses in the main study (article 
4, see appendix; Rüschenpöhler & Markic, 2020b). Here, the overall sample size was 
good with N=48. However, the necessary differentiation between students with 
disparate chemistry-specific or general educational capital in their respective home 
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environments caused sample sizes in the subgroups to be unequal and, in some cases, 
small: the groups of students with chemistry capital (N=6) and general educational 
capital (N=4) in the home environment became too small to allow for a generalization 
of the findings. Moreover, the selection of the students in the pilot and the main 
studies was neither randomized nor designed to draw representative samples, resulting 
in samples not suitable to represent the overall population of students in German 
secondary schools. The intention of the research project was rather to gain insights 
into the variety of situations the students learn chemistry in, focusing on their 
resources for the field of chemistry. A special focus was put on the school type with 
the lowest entry requirements (Hauptschule) because educational research in Germany 
tends to focus rather on education at Gymnasium. One reason for this is the fact that at 
Hauptschule, it is more difficult to obtain parental permissions for conducting research 
– a fact which is caused inter alia by linguistic barriers – leading to a lesser scientific 
understanding of the situations of students attending Hauptschule. 

In subsequent research, quantitative analyses based on representative data could serve 
to validate and to further develop the concept of chemistry capital. A chemistry capital 
scale with multiple choice items based on the findings from the present research 
project would allow conducting quantitative analyses of the distribution of chemistry 
capital among secondary school students. For instance, the presence of the 
transmission processes from the home environments to the students in the respective 
groups could be investigated. This would be an important step in chemistry capital 
research. An appropriate scale would allow assessing the impact of practical 
interventions on students with different levels of chemistry capital in the home 
environment. Moreover, it could be used to investigate the existing support structures 
in the German school system that are open to students with different levels of 
chemistry capital. Further, the concept of symbolic chemistry capital remains defined 
only very broadly. This could be interesting in further research for understanding the 
interaction effect of culture and gender on students’ chemistry self-concepts because 
symbolic capital conceptualizes the role of prestige which could differ in the field of 
chemistry between boys and girls without a migration background and with a Turkish 
migration background. 

Besides these concerns, the research project presents an approach to deal with only 
two out of the three types of bias defined by Byrne and colleagues (2009). Structural 
and measurement non-equivalence can be evaluated using the presented mixed 
methods approach for culture-sensitive academic self-concept research. However, it is 
important to note that even technically correct use of the approach does not ensure 
discovery of all conceivable bias. Although the communication with other researchers 
in an investigation group – as it was done in the course of the present research project 
– may help to identify and reflect potential sources of bias, this also depends on the 
researchers’ knowledge and mindsets. This is particularly true for bias occurring in the 
interpretation of the results. For this type of bias, the mixed methods approach does 
not present a defined technical procedure and this might be a goal that can be attained 
only partly. If research is to be more culture-sensitive, the researcher’s personal 
background and his or her foreknowledge and stance on this aspect probably play an 
important role.  
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The present research project probably differs in many ways from established academic 
self-concept research. Quantitative methods were used but only in a part of the 
research. In other parts, qualitative methods and techniques of mixing the data were 
used which is uncommon in science self-concept research. Also, the theoretical models 
used for the investigations of chemistry self-concept differ. Hattie’s (2008) process-
oriented model of the self is more complex and less precise than the established models 
by Shavelson, Marsh, and colleagues (Marsh, 1986; Shavelson et al., 1976). The newly 
defined concept of chemistry capital is based on Bourdieu’s (1979, 1986) sociological 
theory and, therefore, rooted in a different discipline than self-concept research which 
originates from psychology. The advantage of considering these different approaches 
in chemistry self-concept research lies in the inspiration and the new insights they can 
provide. However, the downside is that research becomes more explorative because 
new approaches need to be developed and tested. 

The results in this project, therefore, differ in certain parts from those produced in 
established academic self-concept research. Some results from the present research 
project are no clear-cut answers. Rather, this project opens a range of questions. Do 
structural inequalities exist in chemistry education in Germany? What are the problems 
that culture-sensitive chemistry teaching approaches should solve in Germany? How 
are cultural narratives and conceptions (e.g. gender) and symbolic capital transmitted 
from the elder generation to students with a migration background who have grown 
up in Germany? How could the acquisition of chemistry capital be supported? Further, 
in culture-sensitive research, the question of the adequacy of interpretations needs to 
be addressed (Byrne et al., 2009), a field that was not covered in the present project 
and that would profit from further research. In other parts, in contrast, the results are 
quite clear. The interaction effect of gender and Turkish migration background on 
chemistry self-concept has been shown in two independent samples (articles 2 and 3, 
see appendix; Rüschenpöhler & Markic, 2019a, 2020b), a pattern that could be due to 
differences in the conceptions of masculinity in Germany and Turkey. For further 
research, both types of results – the questions and the answers – can enrich the 
scientific discourse. 

For further research, the present work opens several interesting pathways. In the field 
of application-focused research, a great variety of subsequent studies would be 
desirable because science self-concept research lacks knowledge about concrete 
interventions based on the insights from self-concept research (article 1, see appendix; 
Rüschenpöhler & Markic, 2019a). Science self-concept research needs to develop ways 
of translating its findings into practice. The findings from the present research project 
can inform teaching approaches designed to support students in their development of 
positive chemistry self-concepts: these could benefit from an adoption of strategies 
for language-sensitive chemistry teaching because the students’ perception of their 
linguistic abilities in chemistry are correlated with their chemistry self-concepts (article 
3, see appendix; Rüschenpöhler & Markic, 2020a). Also, a reflection of task-choice 
behavior guided by the teacher could help the students to develop stronger learning 
goal orientations and, thereby, a more positive chemistry self-concept since these are 
correlated as well (article 3, see appendix; Rüschenpöhler & Markic, 2020a). For 
instance, in an empirical study at Ludwigsburg University of Education, strategies for 
conversations with girls who have negative science self-concepts are currently being 
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investigated. The goal is to establish strategies for teachers for supporting girls in 
developing positive science self-concepts in everyday situations in the science 
classroom and to integrate this in teacher education. 

The research about chemistry capital showed that chemistry capital in the home 
environment plays an important role regarding the students’ chemistry learning and 
their self-perceptions in chemistry (articles 4 and 5, see appendix; Rüschenpöhler & 
Markic, 2020a, 2020c). This reflects the existing social disparities in the German school 
system. In this context, concepts for culture-sensitive chemistry teaching require more 
attention because students with a migration background are overrepresented at 
Realschule and Hauptschule (Göttsche, 2018), the school types in which almost 30 % of 
students do not attain basic scientific literacy (Schiepe-Tiska et al., 2019). Culture-
sensitive chemistry teaching could reduce the existing dispersion in science 
achievement in Germany which is associated with the school type. Resource-oriented 
approaches for culture-sensitive chemistry teaching should, for instance, consider that 
girls with a Turkish migration background tend to have rather strong chemistry self-
concepts and use this as a way of engaging the students in deep chemistry learning. 
The findings from the qualitative analysis in the main study (article 4, see appendix; 
Rüschenpöhler & Markic, 2020b), call for the development of strategies for dealing 
with differences between world views in the students’ home environments and 
chemistry class, e.g. concerning the perceived opposition between religion and 
chemistry. Working with parents could be a way of providing opportunities for the 
acquisition of chemistry capital in the whole family (article 4, see appendix; 
Rüschenpöhler & Markic, 2020b). The crux in culture-sensitive teaching seems to be 
the definition of concrete challenges that the approaches intend to address since 
‘culture’ is a highly complex term and approaches to culture-sensitive teaching need a 
clear problem-centered approach. Only if research provides concrete, practical 
solutions to well-defined challenges in everyday teaching practice, teachers will be able 
to see aspects in chemistry teaching that are embedded in local cultural structures and 
not as a culture-free zone (Rüschenpöhler et al., submitted).  

Moreover, diversification of chemistry-related YouTube channels could open the field 
of chemistry and science to a greater diversity of students. The research on chemistry 
capital shed light on the potential of YouTubers in the development of chemistry 
capital for students living in a home environment with very little chemistry capital: 
following a YouTuber can lead to the acquisition of individual chemistry capital, a 
mechanism that could, in certain cases, reduce social inequalities (article 4, see 
appendix; Rüschenpöhler & Markic, 2020b). However, many very popular chemistry-
related YouTube channels (e.g. simpleclub, Giesecke & Schork, n.d.; Techtastisch, 
n.d.) appeal to a nerdy science identity which white middle-class boys can adopt much 
easier than female, working-class or ethnic minority students (Archer, Dewitt, et al., 
2015; Archer et al., 2013; Carlone et al., 2015). There are exceptions such as the female 
YouTuber maiLab (Nguyen-Kim, n.d.) but the field could benefit from a greater 
diversification of the young people presenting chemistry content on YouTube. It 
would be important to also provide role-models for female students without migration 
background, for male students with a Turkish migration background, and for those 
who possess little chemistry capital in their home environment. 

Besides these practical considerations, further research is needed regarding the relation 
of chemistry capital with chemistry self-concept – as well as with other important 
outcome variables than chemistry self-concept, such as chemistry achievement and 
aspirations. This would help to understand the sociocultural structures in which 
chemistry self-concept (achievement, aspirations,…) is embedded. The present 
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research showed that chemistry capital might not have a linear relationship with 
chemistry self-concept. Rather, chemistry capital in the home environment might 
constitute a different frame of reference in relation to which chemistry self-concept 
items are interpreted (article 5, see appendix; Rüschenpöhler & Markic, 2020c). This 
hypothesis requires further investigation. Moreover, the internal structure of chemistry 
capital and its distribution in the different school types and among students of different 
sociocultural backgrounds of chemistry need to be investigated. Knowledge about the 
transmission processes between the social environment and the chemistry student can 
guide the design of adequate intervention studies. Knowledge about the distribution 
of chemistry capital can serve to understand mechanisms through which the social 
inequalities are perpetuated in the German school system, for instance, the impact of 
teaching chemistry without holding a chemistry degree on students’ career choices 
(article 4, see appendix; Rüschenpöhler & Markic, 2020b). This type of study requires 
a chemistry capital scale for assessing students’ chemistry capital in quantitative terms 
because this would allow covering larger, representative samples. Further, the aspect 
of symbolic capital has not been investigated and could provide valuable insights into 
chemistry self-concept research (article 5, see appendix; Rüschenpöhler & Markic, 
2020c).  
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Abstract: (1) Background: In self-concept research, Likert scales are still relied upon despite the fact
that they pose methodological difficulties for research in culturally diverse societies. This calls the
validity of the data into question. In the present study, we develop a mixed methods design for
culture-sensitive academic self-concept research. We test it in a study about chemistry self-concept
with secondary school students; (2) Methods: Interview (N = 43) and questionnaire (N = 116) data
were collected; (3) Results: The mixed methods approach allowed connecting self-concept with
culturally shaped narratives: in the quantitative data, we found the well-documented gender gap
in favor of boys. However, among the students with a Turkish migration background, the girls
showed stronger chemistry self-concepts. The interviews suggested that girls with Turkish migration
background find it easier to connect their chemistry learning to their personal life than the boys
with Turkish migration background; (4) Conclusion: Based on further literature, we hypothesize
that these differences might be due to a less masculine conception of science in the Turkish society.
The mixed methods approach allows detecting measurement bias, which increases the validity of
science self-concept data in culturally diverse contexts.

Keywords: self-concept; gender; cultural background; mixed methods; chemistry

1. Introduction

Science self-concept research faces severe measurement difficulties when conducted in culturally
diverse groups. A systematic literature review [1] showed that most research uses self-report data from
Likert-type items. However, this produces difficulties in the measurement process because we do not
know if the items have the same meaning in culturally different groups of students [2]. This problem
persists in self-concept research since we still lack theoretical and methodological approaches for
investigations of self-concept in culturally diverse societies [3].

In this article, we propose one possible solution to the prevailing methodological difficulties
in academic self-concept research. We develop and test an approach for culture-sensitive academic
self-concept research. Instead of relying exclusively on quantitative data, we suggest that a mixed
methods approach might enhance the validity of the data. This is innovative in academic self-concept
research since research in this area relies almost entirely on quantitative data [1] despite methodological
difficulties. This approach can be employed in academic self-concept research irrespective of the
subject that is studied. In this article, we will focus on chemistry since we dispose of expertise in
this field. For assessing the use of the approach, we tested it in a study on chemistry self-concepts of
secondary school students in the North of Germany. The investigation of chemistry self-concepts with
the developed mixed methods approach serves to explore potentially fruitful paths for further research
on self-concept in culturally diverse societies. In the present study, the mixed methods approach allows
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(i) evaluating potential measurement bias and (ii) linking the self-concept-data to the associations of
science with masculinity that might differ between cultures.

2. Theoretical Background

2.1. Methodological Difficulties in Self-Concept Research

Important measurement difficulties remain unresolved in self-concept research. When used in
cross-cultural research or in culturally diverse societies, the established methods in self-concept research
face methodological difficulties. This was shown by Barbara Byrne [3] who identified “a grave need
for researchers to move beyond the paper-and-pencil approach to self-report measurement” (p. 904)
because responses to self-concept questionnaires will be “influenced by a cultural bias that ultimately
leads to differential perceptions of self” (p. 903). Byrne and colleagues [2] further categorize this error
into two types: conceptual non-equivalence (self-concept means different things in different cultures)
and measurement non-equivalence (bias caused by the instrument, e.g., because of culturally different
response styles). Byrne [3] suggested using interviews alongside the established self-concept measures
in order to control for this type of bias. However, the use of qualitative data in science self-concept
research remains extremely rare, as we have pointed out in a systematic analysis of current self-concept
research [1].

2.2. Development of an Approach to Culture-Sensitive Academic Self-Concept Research

Based on these considerations, the question remains how academic self-concept could be investigated
in a more culture-sensitive way. A mixed methods design would be promising, following Byrne’s [3] call
for the combination of qualitative and quantitative data in self-concept research. Since investigations
based on the prevailing theoretical models of self-concept are almost exclusively quantitative in nature [1],
critical scrutiny of the theoretical foundations of science self-concept research is needed.

The prevailing models of self-concept allow assessing the strength of self-concepts. They therefore
lay the foundation of quantitative assessments of science self-concept. The most prominent conception
is the Shavelson model [4] which is, despite the fact that it was developed in the 1970s, still one of
the key references in self-concept research. The authors define self-concept as “a person’s perception
of himself” (p. 411) and suggest that people have different self-concepts for different aspects of life
that vary in strength. Science self-concepts belong to the academic domain and constitute a person’s
evaluation of his or her abilities in science. Building on this foundation, Herbert W. Marsh [5] developed
the internal and external frame of reference model for research on academic self-concept which is still
widely used.

However, for exploring qualitative differences in self-concept, the prevailing models provide little
basis. A different approach is needed. For the purpose of this study, we use John Hattie’s [6] model
of the self for exploring qualitative dimensions of self-concept. The model focuses on psychological
processes at the micro level. Hattie [6] emphasizes the active role of the self in the production of
self-concepts. He does so by conceptualizing the self as a chooser. This allows investigating why a
person adopts a specific self-concept. For example, a student’s negative self-concept in science would
be explained on the level of the following self-processes [6]:

1. Protecting the self. A student can choose a negative self-concept in science in order to protect his
self, for example, because he does not achieve as well in science as his classmates. The acceptance
of his weak abilities could lower the pressure to keep up with his classmates. This can protect
the self.

2. Preserving the self. People seek long-term stability, i.e., the preservation of the self. If a student in
the past achieved low in science and got good grades only recently, the student might still stick to
a negative self-concept. Changing the self-concept could endanger the student’s identity as a
non-science person. Preserving his negative self-concept can, therefore, be a rational choice.
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3. Promoting the self. If a student identifies as a language person and couples this with a distinction
from the natural sciences, adopting a negative science self-concept can strengthen the student’s
identity as a language person. This can promote the self.

Hattie’s model shifts the focus on processes. Self-concept can, therefore, be studied with a
focus on the individual rationales underlying self-concept. According to Hattie [6], a wide range
of psychological processes are involved in the construction of the self. They all serve to protect, to
promote, or to preserve the self.

In the academic domain, learning goal orientations (LGO) and performance goal orientations
(PGO) are of special importance [6]. For the purpose of the present study, we concentrate on these in
order to gain first insights into the construction of students’ science self-concepts. In the following, we
will briefly describe learning and performance goal orientations, mainly based on the fundamental
works of Dweck and colleagues which still constitute major building blocks in current literature on
learning and performance goal orientations.

Learning and performance goal orientations can be thought of as two different mindsets.
When people activate their learning goal orientation (LGO), they tend to interpret situations as
opportunities to learn. This implies that they perceive themselves as capable to learn. This is called an
incrementalist theory of intelligence [7] which relies on the belief that they can control the learning
process [8]. In practice, these students tend to take more risks in academic situations (e.g., they give
an answer in class even if they are not sure if it is correct) because these situations bear the potential
for learning and personal growth. This chance appears to be of greater importance than the potential
failure [9]. It makes it easier for them to accept failure because they tend to focus on the learning effort
they made rather than on success [7]. This leads to persistence when confronted with difficult tasks [9].

In contrast, when people activate their performance goal orientation (PGO), they tend to interpret
situations as contexts in which they need to demonstrate their abilities [10]. This leads to important
differences. When students adopt a PGO, they tend to believe that people have certain abilities but they
can only improve them to a minor extent. They perceive low personal control over the development
of their competences. The locus of control [8] appears to be external because their abilities appear as
predefined and fixed which is called an entity theory of intelligence [7]. This motivates students to
present their abilities rather than to strive to develop them [11]. With a performance goal orientation
mistakes are difficult to deal with because they can appear as a personal failure [12]. Students who are
performance goal-oriented tend to give up more easily and to encounter feelings of helplessness because
they assume their abilities to be fixed [9]. Failure tends to be explained with personal incompetence [12],
which can lead to obtrusive thoughts disrupting the work process [11]. Social goals and the desire
to belong to the group become more important and students are more likely to give up the task at
hand [11].

Based on these considerations, academic self-concept research could become more culture-sensitive
through the adoption of a mixed methods approach. The Shavelson, Hubner, and Stanton model [4]
provides the basis for investigating the strength of self-concept. The qualitative dimension of
self-concepts can be explored using Hattie’s [6] model.

2.3. The Relationship between Science Self-Concept and Culture

The study presented in this article tests the mixed methods approach for more culture-sensitive
academic self-concept research using a concrete example, namely chemistry self-concept. In the
following, we will summarize some key findings about the relation between science self-concept and
culture, as well as findings about chemistry self-concept.

Despite the prevailing methodological difficulties, cultural differences in science self-concept
have received considerable attention in science education research. The gender relations in science
self-concept are a well-researched area. Since gender is a cultural construct [13], the gender relations
touch differences in science self-concept that are associated with cultural categories. In numerous
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studies, it has been shown that boys tend to have stronger science self-concepts in Western societies
than girls. This has, for instance, been shown for the U.S. [14], Germany [15], and the U.K. [16].
However, this gender gap might depend on the cultural context since it was not found in a study
conducted in Malaysia and Singapore [17] and in some other cases. One hypothesis could explain
these findings: in some countries, science might not be associated as strongly with masculinity as it
tends to be in Western countries (Figure 1, left). However, the present literature does not yet allow for
a definite answer.
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In addition, the relation between science self-concept and achievement has been of central interest
in investigations of the impact of culture on science self-concept. While the relation is positive
in general [18], research indicates that it differs between cultures. In Asian and Eastern European
countries, science self-concept levels are relatively low compared to the relatively high achievement
levels in these regions [19]. This comes to a surprise because one would expect to find high levels of
science self-concept in countries where the students achieve well. However, this finding suggests that
self-concepts might play a different role for students in Asian and Eastern European countries than
it does for students in Western countries (Figure 1, center). The reason for this difference seems to
remain an open question.

Besides the differences in self-concept that seem to exist between countries, some studies identified
effects of the cultural backgrounds of students living in the same country. In the U.S., students
belonging to non-dominant ethnic groups tend to have lower self-concepts in science than students
belonging to the dominant ethnic group [14]. This seems to be a pattern in some other Western countries
as well: the same relation was found in Australia and New Zealand [20] and in the U.K. [21]. However,
the study conducted in the U.K. [21] showed that students with an East Asian background are an
exception. They show particularly strong self-concepts in science when living in Western countries.

The reasons for these differences between students with various cultural backgrounds living in
the same country remain only partly understood. One factor explaining lower science self-concepts
in students from a non-dominant ethnic group could be their socio-economic status which tends to
be lower in many ethnic groups that have experienced or still experience repression, as Amanda
Woods-McConney and colleagues [20] hypothesize (Figure 1, right). The students’ socio-economic
status is indeed strongly related to science self-concept [22]. Following this line of argumentation, it
would be important to take a more holistic view in self-concept research, considering racial and social
conflicts that existed in the past or that still exist. Australia, New Zealand, the U.K., and the U.S. all
have a history shaped by colonialism and/or repressive policies that marginalized certain ethnic groups
living in the country. The children from these groups now tend to show weaker science self-concepts.
We believe that these phenomena can only be understood if the respective histories and present racial
conflicts are considered.
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These selected findings give an impression of the close intertwinement of science self-concept
with culture. The associations of gender with science self-concept seem to differ between cultures, and
likewise does the association with achievement. Further, the cultural backgrounds of students living
in the same country seem to shape their science self-concepts. These findings suggest that students’
thoughts about their abilities in science are embedded in the cultural context.

Chemistry self-concept tends to be less well understood than science self-concept. For research with
secondary school students, no thoroughly tested and validated measurement instrument seems to be
available. The existing well-tested instruments are designed for young adults in higher education, such
as the Chemistry Self-Concept Inventory (CSCI) [23] and the Attitude toward the Subject of Chemistry
Inventory (ASCI) [24] (revised version: [25]). These scales are based on Marsh’s Self-Description
Questionnaire III (SDQ) [26] which allows assessing the self-concepts of young adults. Studies tend
to concentrate on chemistry self-concept in higher education, e.g., on the assessment of chemistry
self-concept in a general chemistry course [27]. In addition, we are currently unaware of studies
investigating the relation of chemistry self-concept with students’ cultural backgrounds.

3. Research Goal and Questions

The goal of the present study is to explore the approach for a more culture-sensitive academic
self-concept research developed in Section 2.2. We aim at developing an approach for culture-sensitive
academic self-concept research for all subjects. In order to be culture-sensitive, a mixed methods design
is needed [3]. We want to know:

TQ (theoretical question). To what extent can a mixed methods approach provide a basis for
culture-sensitive academic self-concept research?

We intend to answer this question through the application to a concrete study. In this study,
we concentrated on one concrete example of academic self-concept research, namely chemistry
self-concept. We conducted an explorative study in which we investigated secondary school students’
chemistry self-concepts. Special attention is turned towards the influences of gender and the students’
cultural backgrounds on chemistry self-concept because these seem to influence science self-concepts
(Figure 1). In this study, we want to assess both the strength of chemistry self-concept and its qualitative
dimensions:

EQ1 (empirical question 1). How strong are the chemistry self-concepts of students with different cultural
backgrounds and gender living in Germany?
EQ2 (empirical question 2). In what ways are the students’ chemistry self-concepts associated with
learning and performance goal orientations?

4. Materials and Methods

4.1. Type of Mixed Methods Design

We chose a concurrent triangulation mixed methods design [28] with questionnaires and interviews,
based on both the perspective of the Shavelson, Hubner, and Stanton [4] model and the perspective of
Hattie [6]. According to the criteria defined by John W. Creswell et al. [28], our design can be classified
as a concurrent triangulation design: (i) the implementation was concurrent, i.e., the collection of
qualitative and quantitative data took place at the same point in time. This design was chosen because
we sought to compare the two data types in order to understand their interrelationships; (ii) Both data
types were of equal priority; (iii) The integration of the two data types took place at data interpretation,
i.e., data collection and data analysis were conducted separately for the data.
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4.2. Instruments

Questionnaires. For assessing the students’ chemistry self-concepts following the Shavelson
model [4], we employed a chemistry self-concept scale developed by the authors (Table 1).
The questionnaire was composed of nine Likert-type items covering both general aspects (items
1, 2, 3, 5) and more specific aspects such as the students’ perception of their abilities in specific situations
(items 3, 4, 6, 7), and life out of school (items 8, 9). The scale was piloted prior to the study and
showed good reliability with values for Cronbach’s α of 0.86. The students’ cultural backgrounds were
conceptualized with reference to the concept of migration background which accounts for the migration
processes that took place in Germany after World War II. As defined in the official 2013 census [29], a
person who was born in another country or whose parents have been born in another country has
a migration background. The type of migration background was further specified by naming the
respective countries.

Table 1. Mean values and standard deviations of the translated version of the chemistry self-concept
scale (N = 116); the original in German language can be requested from the authors.

Item M (SD)

1. Chemistry is one of my strengths. 3.48 (0.96)
2. In chemistry, I’m one of the better students. 3.35 (1.11)
3. I am good at doing experiments. 4.04 (0.78)
4. When I have done an experiment, I understand what the result means. 3.97 (0.83)
5. I usually get on well in chemistry classes. 3.98 (0.96)
6. I understand the texts we read in chemistry. 3.85 (0.87)
7. I’m good at solving mathematical problems in chemistry. 3.45 (1.27)
8. Sometimes my chemistry knowledge helps me understand things in everyday life. 3.38 (1.09)
9. I would be able to choose a profession in which chemistry knowledge is needed. 2.86 (1.23)

Interviews. In addition, we conducted semi-structured interviews with some of the students
who completed the questionnaire. Here, we investigated the dynamics of chemistry self-concept
through the lens of Hattie’s model [6]. In line with Hattie [6], we focused on the students’ learning
and performance goal orientations as two important self-processes. The interviews were divided into
three parts. (i) Warm-up. At the beginning of the interviews, we asked the students to share some of
their experiences from chemistry class. In particular, we wanted to know what they like and what they
dislike about it; (ii) Handling success and failure. We wanted to know how they deal with success and
failure in chemistry class because this behavior is an indicator of learning goal orientation (LGO) and
performance goal orientation (PGO) [12]. We asked them to describe a situation in which they had
been satisfied with themselves and one situation in which they had been dissatisfied with themselves
in chemistry. These attributions can indicate LGO and PGO; (iii) Dealing with difficult tasks. We asked
them how they deal with difficult tasks. Here, we were interested in their attitude towards situations
in which, on the one hand, they face obstacles but which, on the other hand, also open the opportunity
to engage in deep learning processes. This can reflect LGO and PGO as well [9].

4.3. Sample

The study was conducted in accordance with the Declaration of Helsinki [30], and the protocol
was approved by the Ethics Committee of the state of Bremen (local ministry). We informed the
teachers, the parents, and the students in a letter about the aims of the study, the procedure, and the
voluntary nature of the study, and obtained written consent. We emphasized that non-participation
did not have any negative consequences and that students could withdraw their answers at any
moment. These instructions were repeated orally before conducting the study in class. In order to
protect the students’ anonymity in the study, a non-traceable code was produced that allowed to match
the interviews with the corresponding questionnaires.
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Questionnaire data. We collected questionnaire data from 116 students in the course of three months.
In the part of Germany where data collection took place, it depends largely on the individual schools
and teachers when chemistry topics are introduced in class. We, therefore, asked the teachers prior to
the data collection process, if they had already taught chemistry in the respective group. The students
of our sample were aged 11–19 (M = 15.2, SD = 1.4) and attended six different public secondary schools.
The large majority of students fell in the age range of 13–17 years which is typical for these grades.
Those who are younger usually skipped a grade. The students who are older usually either had to
repeat a school year because they did not achieve well, or they are immigrants who first attended a
separate language class before entering the regular school system. With this age range and the different
school contexts, we intended to gain insights into experiences with chemistry across different contexts.
In total, 54.3% of the students who filled in the questionnaire were female, and the majority of the
students reported to have a migration background (54.3%). The concept of migration background
classifies students along national lines and does not put them into larger categories such as ‘Asian’
or ‘Black’ as the U.S. American concept of race does. Nevertheless, we tried to group the students.
The largest group was composed of students with a Turkish and/or Kurdish background (Table 2,
23.3%; N = 27). We assembled the students with a Turkish and a Kurdish background in one group
because all students with a Kurdish background also reported having a Turkish migration background.
As a simplification, we will refer to these as students with a Turkish migration background.

Table 2. Migration backgrounds of the students in the sample.

N

Questionnaire Interviews

None 53 (45.7%) 19 (44.2%)
Turkish 27 (23.3%) 9 (20.9%)

Eastern European/Russian 9 (7.8%) 6 (14.0%)
South Asian 8 (6.9%) 3 (7.0%)

Sub-Saharan African 7 (6.0%) 3 (7.0%)
Others 12 (10.3%) 3 (7.0%)
Total 116 (100%) 43 (100%)

Interview data. Forty-three of the students from the quantitative study volunteered to be interviewed
after filling in the questionnaire (Table 2). The students were interviewed in pairs because we intended
to make them feel at ease during the interviews, thereby increasing the content validity of the data. We,
therefore, asked them to pick a classmate who would like to be interviewed as well. However, some
of the students were interviewed alone because they did not find a partner. The interviews lasted
about 10–15 min. In the interview study, 60.5% (N = 29) of the participants were female. Students with
a migration background made up for 55.8% (N = 24). The students with a Turkish background
constituted the largest group with 20.9% (N = 9) among the students with a migration background.
The interviews were conducted in German language. The extracts quoted in this article have been
translated by the authors.

4.4. Data Analysis

Quantitative analyses. First, we calculated Cronbach’s α as well as the mean values and standard
deviations for each item of the questionnaire. In the next step, we carried out ANOVAs in order to
investigate the effects of gender and cultural background on self-concept. In the first analysis, we
compared students with any migration background to students without a migration background.
In the second step, we limited the analysis to the two largest cultural groups: students with a Turkish
background and students without a migration background. We conducted an ANOVA, investigating
the effects of gender and cultural background. All analyses were carried out using R version 3.4.2 [31],
in particular, the packages car [32] and psych [33].
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Qualitative analysis. The interviews were analyzed using qualitative content analysis [34] with
MAXQDA software. We opted for a content-based approach and coded each part of speech that
contained a new content. These units were paraphrased. In this step, we focused on goal orientations,
feelings, and evaluations of abilities in chemistry. Units with similar content were omitted. In the third
step, we organized the content in four categories: (1) learning goal orientations, i.e., thinking patterns
that show the desire to engage in learning processes; (2) performance goal orientations; (3) social
goals, i.e., thoughts about the social relations in class, and (4) the students’ evaluations of their abilities
(self-concept). Categories 1, 2, and 4 were defined prior to the analysis. Category 3 was defined during
the analysis because it appeared to be a relevant topic in the interviews. In the fourth and last step,
we checked the appropriateness of the categories, going through the data once again.

5. Results

5.1. Questionnaire Data

Impact of migration background and gender on chemistry self-concept. We analyzed the effects of
gender and migration background on self-concept. For this analysis, we used the complete sample.
Reliability was tested using Cronbach’s α which was with 0.86 very good. Levene’s test was not
significant at the 0.05 level for the main and interaction effects. The Q-Q plots indicated a normal
distribution of the data and the Shapiro–Wilk tests were not significant at the 0.05 level. We therefore
conducted an ANOVA with the four groups of boys (N = 25) and girls (N = 28) without a migration
background, and boys (N = 28) and girls (N = 35) with a migration background (Table 3). The main
effect of gender, F(1, 112) = 4.09, p = 0.046*, and the interaction effect were significant, F(1, 112) = 6.38,
p = 0.013*. The effect of culture was not significant, F(1, 112) = 1.60, p = 0.209. This first analysis shows
that boys have significantly stronger self-concepts than girls, M(male) = 3.71 > M(female) = 3.48. Also,
the relationships between the gender groups seem not to be the same among students with and without
a migration background: in the subsample of students without a migration background, boys scored
higher than girls (M(boys) = 3.98 > M(female) = 3.40). In the subsample of students with a migration
background, however, there seems to be little difference between the gender groups (M(male) = 3.50 >

M(female) = 3.54).

Table 3. Results of the two-way ANOVAs comparing the self-concepts of girls and boys with different
cultural backgrounds. (* = p < 0.05)

F p

Analysis 1. Boys and girls without migration
background vs. with migration background

effect of gender 4.09 (1, 112) 0.046 *
effect of migration background 1.60 (1, 112) 0.209

interaction effect 6.38 (1, 112) 0.013 *
Analysis 2. boys and girls without migration

background vs. with Turkish migration background
effect of gender 4.59 (1, 75) 0.035 *

effect of migration background 2.39 (1, 75) 0.127
interaction effect 5.04 (1, 75) 0.028 *

Impact of Turkish migration background and gender on chemistry self-concept. In the next step, we
analyzed the effects of gender and having a Turkish background on chemistry self-concept. For this
analysis, we used the subsamples of students without a migration background and with a Turkish
migration background. Levene’s test for the main and interaction effects was not significant at the
0.05 level for the main and interaction effects. The Q-Q plots indicated a normal distribution of the
data and the Shapiro–Wilk tests were not significant at the 0.05 level. Just as in the previous ANOVA,
the main effect of gender, F(1, 75) = 4.59, p = 0.035*, and the interaction effect of gender and culture, F(1,



Educ. Sci. 2019, 9, 240 9 of 17

75) = 5.04, p = 0.028*, were significant (Table 3). The effect of culture was not significant, F(1, 75) = 2.39,
p = 0.127. This suggests that among students with a Turkish background, gender relations might be
inversed. The boys with a Turkish background scored lower (M = 3.32) than the girls with a Turkish
background (M = 3.50) while among the students without migration background, the boys scored
higher than the girls (M(boys) = 3.98 > M(female) = 3.40). However, it is important to keep in mind that
sample sizes for students with a Turkish background were small (13 boys, 14 girls). The discovered
effects can, therefore, show tendencies in these groups but require further investigation.

5.2. Interview Data

With the interview data, we wanted to explore the dynamics of chemistry self-concept.
More precisely, we wanted to investigate the relation of self-concept to learning and performance
goal orientations (LGO and PGO) in chemistry class. We focused on the students without a migration
background and those with a Turkish background because these were the largest cultural groups
in the analysis. Table 4 provides an overview of the results of the analysis, showing patterns in the
categories (1)–(4).

In the analyses, we link the students’ self-concept scores from the questionnaires to the interview
data. The overall chemistry self-concept mean value was M = 2.41. Scores higher than the mean
indicate a positive self-concept. If the score is lower than 2.41, the student has a more negative
chemistry self-concept than average. The scores are provided in brackets (SC = . . . ).

5.2.1. Boys without Migration Background

(1) Learning goal orientation tended to be high (Table 4). The boys showed interest in chemistry
content: “I find it interesting how substances combine to form a new substance, or how they change
due to certain reactions” (interview 9b, SC = 3.56). Another student showed that he is proud of himself
if he improves his skills in chemistry which is also a sign of an LGO: “[I am proud] when I manage to
do something I haven’t done before” (interview 10b, SC = 3.44).

Table 4. Overview of the results of the interview analysis.

No Migration Background Turkish Migration Background

Male Female Male Female

N 7 12 5 4

(1) Learning goal orientation
+ strong . . . weak – + − − +

(2) Performance goal orientation
+ strong . . . weak –

−

(exception: obtrusive
thoughts in one case)

+ +
−

(exception: in one case
low persistence)

(3) Social context
+ relevant . . . irrelevant – − + + +

(4) Evaluation of chemistry abilities
+ positive . . . negative – + − − +/−

(2) Performance goal orientation seemed to be comparably unimportant (Table 4). Only in one case
did obtrusive thoughts appear. These can be negative side effects of performance goal orientations [11].
The student explained:

Once you have a problem you can’t solve ( . . . ) you get stressed in that situation because
then these thoughts come: what if I skip that one and keep on doing the other stuff? Will I
later be able to do the one I’ve skipped? ( . . . ) that keeps stressing me (...). Then you got a bit
of trouble understanding just anything. (interview 22a, SC = 3.22)
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Despite these obtrusive thoughts, the student shows an above average chemistry self-concept
(3.22). The thoughts, therefore, seem to have little impact on his overall belief in his abilities in chemistry.

(3) The social dimension of chemistry learning seemed to be of little relevance (Table 4). Social issues
were almost not mentioned in the interviews when the students were asked to talk about their
experiences in chemistry class. In contrast to all other groups, none of the boys without a migration
background expressed social insecurity.

(4) The evaluation of abilities tended to be positive (Table 4). This was interpreted as a strong
chemistry self-concept in the sense of the Shavelson model. One boy even expressed strong science
aspirations: “I would like to try studying chemistry in college, to try at least, because it’s interesting
to me” (interview 21a, SC = 3.44). His self-concept score of 3.44 was far above the average. For this
student, a strong chemistry self-concept seemed to be closely intertwined with chemistry-related
career aspirations.

5.2.2. Girls without Migration Background

(1) Learning goal orientation tended to be low (Table 4). This showed, for instance, in a preference for
easy tasks. One girl said that she feels “relieved” when she can do an easy task (interview 3a, SC = 1.89).
Another girl seemed more learning goal oriented, but only slightly: she chooses to do easy tasks first
“because that motivates me and then I do the difficult ones” (interview 2a, SC = 2.56). She needs a high
motivation to work on difficult tasks which is a sign of rather weak learning goal orientation.

(2) Performance goal orientation seemed to be present (Table 4). This showed primarily through
negative side-effects [35]. For instance, one girl showed an entity theory of intelligence [7], saying “I
just feel stupid sometimes” (interview 5a, SC = 1.78). She did not talk about the things she needed to
learn. Instead, her self-description as ‘stupid’ suggests that she sees herself as incapable of learning,
which is an entity theory of intelligence.

(3) The social context seemed to be highly relevant (Table 4). This was in some cases coupled with
ambiguous and rather negative feelings:

I would say that [in contrast to other classes] there is maybe a bit more tolerance. There’s no
need to be so frightened to ask something that ( . . . ) you should know already. (interview
3b, SC = 1.78)

On one hand, this girl feels a lot of tolerance when someone makes a mistake. However, on the
other hand, she feels that there are things she “should know already” which could reflect a feeling of
pressure and insecurity. Although she thinks that there is no need to be frightened, this implies that
she does not take it for granted to be accepted because she considers the possibility that she could feel
frightened. Another girl showed a similar ambiguity. She said, “you just feel like you’re one of them”
(interview 3a, SC = 1.89). On the one hand, this girl wanted to express that she feels accepted in class.
On the other hand, the fear of not being accepted appears to be very present to her and only banned
for the moment. Another girl expressed her feeling of being an outsider in a drastic way: “you just feel
as if you had no business there and that you’re in the wrong place” (interview 5a, SC = 1.78).

(4) The evaluation of abilities tended to be negative (Table 4). Some girls said they had serious
difficulties dealing with chemistry content.

All these calculations and stuff, that’s not my thing. I find it interesting but all this calculating
with the ions switching from one side to the other, that’s quite a bit confusing. (interview 3b,
SC = 1.78)

Furthermore, the girls’ self-concepts about their verbal and mathematical skills in chemistry
seemed to be very mixed.
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5.2.3. Boys with Turkish Migration Background

(1) Learning goal orientation seemed to be of little relevance (Table 4). Reflections on the learning
process appeared very rarely in the interviews. One student liked easy tasks because in these situations,
he “could help others, too” (interview 22b, SC = 1.67). This shows that content learning was not a high
priority for this student.

(2) Performance goal orientation seemed to be rather strong (Table 4). Test performance seemed to be
of high importance, as well as opportunities to show their abilities to the other students (interview 2b,
SC = NA).

(3) The social context seemed to be relevant (Table 4). In one case, this was coupled with very
difficult feelings. One of the boys (interview 22b, SC = 1.67) seemed to feel left behind. During the
interview, he spoke a lot about feelings of uncertainty, nervousness, and being left alone. He described
a situation when he prepared for a presentation with a group of students. However, his classmates
abandoned the project, something he interpreted as “they let me down.” This put him into a difficult
situation because he is “rather nervous” when standing in front of the class. In such situations, the
student tells himself that “nobody thinks bad of me” in order to “calm myself down”. This reflects the
student’s preoccupation with his social position in the class. However, the positive side of this strong
social focus showed in the fact that the student prefers working in groups.

(4) The evaluation of abilities was rather negative (Table 4). One of the students said, “we [him and
the other interview partner who had a Turkish background as well] are not the smartest students in
chemistry” (interview 6b, SC = 2.56). This tendency to describe the abilities as rather low was present
in other interviews as well. One student said: “it [chemistry] is a bit difficult for me” (interview 22b,
SC = 1.67), and it was the calculations in particular that put him to his limits. It is difficult for him
to follow in class because he understands the content “only, like, partly” and sometimes gets really
frustrated, angry, and sad about this.

5.2.4. Girls with Turkish Background

(1) Learning goal orientation seemed to be strong (Table 4). One student seemed to be engaged
in deep learning processes in chemistry. She said, when “you get this mental representation, I like
that part best.” (interview 1b, SC = 2.56). She enjoys developing new ideas and representations of
abstract entities which is a sign of a need for cognition. In addition, she likes understanding the
theoretical background of experiments: “we see a change in the solution ( . . . ) and then we can maybe
explain with a formula what happens” (interview 1b, 2.56). Another student expressed her desire to
understand chemistry content this way: “well, I don’t understand it yet. At some point, I’m gonna
get it. It can’t be that difficult” (interview 24a, SC = 3.11). Here, she shows an incremental theory of
intelligence. She believes that she can improve her skills in chemistry.

(2) Performance goal orientation seemed to be of much less relevance compared to learning goal
orientations (Table 4). Only one girl showed low task-persistence: “when I don’t get it right from the
start, then I try to see if . . . maybe I will understand it later, but when I, when I see I don’t get it ( . . . ) I
don’t feel like making any more effort and it stays like that until the end of the lesson” (interview 1a,
SC = 2.23). This can be interpreted as a sign of a performance goal orientation.

(3) The social context seemed to be very relevant (Table 4). For one student, her relationship with
the teacher was important: “the classes are fun but I think it’s more about the teacher than about
the lessons as such” (interview 1a, SC = 2.23). She described her teacher as being very attentive and
appreciated the teacher’s efforts to actively work on the relationships with the students and to motivate
them. Also, the two girls in this interview (1a, SC = 2.23 and 1b, SC = 2.56) referred to people outside
school as being relevant for chemistry learning. They enjoyed sharing things they had worked on
in class. For instance, two girls had produced a video during class about an experiment which they
shared with people in their home environment. Chemistry learning, therefore, seemed to be easy to
integrate into their social life.
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(4) The evaluation of abilities was mixed (Table 4). Some students expressed a skeptical view on
their abilities in chemistry, saying for example “I am not the best student in chemistry” (interview 23,
SC = 2.44). One of these girls talked about her trouble to concentrate on the task when things get
difficult. Others were rather positive.

6. Discussion and Conclusions

In this section, we will first discuss the two empirical research questions (EQ1 and EQ2) by
summarizing the results of the study and interpreting them. Then, we will cover the theoretical
question (TQ), discussing to what extent the approach can increase culture-sensitivity in academic
self-concept research. In the last part, we will reflect on the study’s limitations.

6.1. EQ1 and EQ2: Discussion of the Findings

In the analysis of the questionnaire data, we made three findings regarding EQ1 (How strong
are the chemistry self-concepts of students with different cultural backgrounds and gender living
in Germany?):

1. Gender had a significant impact on chemistry self-concept. We replicated the gender gap that
had been reported on students in Germany [15]. The gender gap in favor of boys that exists in
science self-concept in most regions has inspired a number of intervention studies. However,
progress in this area still seems to be limited [1]. Perhaps different types of intervention studies
could be interesting, focusing on aspects that are closely related to self-concept but that might
be easier to change. For example, it has been shown that learning goal orientations are closely
related to self-concepts [36]. It could be interesting to focus on these orientations in interventions
because they influence task-choice and learning behavior directly.

2. The cultural background did not have a significant effect on chemistry self-concept. This is not
in line with the finding that in most cases, the science self-concept of students who belong to
a non-dominant cultural group is lower on average than that of students who belong to the
dominant cultural group (e.g., [14]).

3. The interaction effect of gender and culture on chemistry self-concept was significant.

The analysis suggests that the students’ cultural background has an impact on chemistry
self-concept in interaction with gender. More precisely, gender relations seem to differ between the
groups of students without a migration background and those with a Turkish migration background.
In the sample of students without a migration background, we found the gender gap that had been
reported on, with boys having stronger self-concepts [15]. However, in the subsample of students with
a Turkish background, the girls tended to show stronger beliefs in their abilities in science: their mean
self-concept score was higher than the boys’. This finding had not been documented in the literature
and was, therefore, unexpected.

What could explain that gender relations seem to be inversed in the sample of the students with a
Turkish background? We looked into the interview data for phenomena that could help to develop
hypotheses, in order to answer EQ2 (In what ways are the students’ chemistry self-concepts associated
with learning and performance goal orientations?). In the four groups, it seemed that different patterns
were active:

Pattern I: strong self-concept coupled with learning goal orientation. This appeared in the group of boys
without migration background who seemed to be highly learning- and content-oriented. In comparison,
the social context appeared almost irrelevant to them. This pattern was associated with high self-concept
scores in the questionnaire.
Pattern II: strong self-concept coupled with learning and social goal orientation. This appeared in the
group of girls with a Turkish migration background. These girls had high self-concept scores in
the questionnaires, too, but showed a different pattern: in addition to a strong orientation towards
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chemistry content and learning, they had a strong social orientation. From their perspective, chemistry
learning appeared as embedded in the social context.
Pattern III: weak self-concept with strong social focus and feelings of insecurity. This pattern appeared in the
group of girls without migration background and boys with a Turkish background. It is characterized
by concerns about social issues. This pattern was associated with low self-concept scores in the
questionnaire and negative statements about their abilities in the interviews. This uncertainty about
their abilities coupled with their social goal orientation leads many students to raise the question of
social acceptance.

Knowing that chemistry self-concept can be associated differently with learning goal orientations
and the feeling of social support could open new paths for application-focused self-concept research.
It could be interesting regarding students who score very low on self-concept scales to explore the
effects of cooperative learning and similar methods that try to enhance peer support. Also, task-choice
behavior and other practical implications of learning goal orientations could be focused upon when
trying to support the students’ development of positive self-concepts. Insofar, the results of mixed
methods design study could inspire more application-focused self-concept research which seems to be
lacking [1].

6.2. TQ: The Culture-Sensitivity of the Approach

To what extent can the concurrent triangulation mixed methods approach provide a basis for
culture-sensitive academic self-concept research? (TQ). In the present study, the approach helped to
uncover a possible conceptual non-equivalence [2] in chemistry self-concept. Chemistry self-concept
seemed to be related in different ways to (i) gender and to (ii) the salience of the social structure in
chemistry class. In the subsample of students without a migration background, strong self-concepts
seem to be possible only if the social structure is ignored. Speaking in stereotypes, one could conclude
that in this subgroup, positive self-concepts are only possible for boys if they learn to focus on chemistry
content while not considering the social structure. In contrast, in the Turkish subsample, gender
seemed to be associated differently with chemistry self-concept. Chemistry appeared as slightly more
accessible for the girls because they showed quite positive self-concepts and strong learning goal
orientations. In addition, dissociating chemistry learning from the personal social context seemed
not to be necessary for having a positive chemistry self-concept. The girls with a Turkish migration
background who had high self-concept scores tended to show learning goal orientations with a focus
on chemistry content and, at the same time, a strong focus on the social domain. It seemed to be
possible for these girls to develop a personal connection with chemistry and to enjoy it as part of social
life. Our hypothesis is, therefore, that chemistry might be perceived as more gender-neutral among the
students with a Turkish migration background. In addition, it seemed to be perceived more strongly
as part of social life. This shows that conceptual equivalence might not be given when analyzing
chemistry self-concepts in these two cultural groups.

It is striking that the students’ cultural background seems to play such an important role in
their attitude towards chemistry. All students in our sample went to schools in the same country.
They therefore experience chemistry in the same educational system. Most of the students with a
Turkish migration background were born and raised in Germany and only their mother and/or father
were born in Turkey.

We considered further literature in order to build a hypothesis of what might produce these
differences. Our search made us aware of the fact that in Turkey, slightly more young women than
men hold science degrees [37]. In addition, the girls achieved substantially better in science than the
boys in the PISA 2015 [38] and TIMSS 2015 study [39]. This suggests that science might be perceived
as more gender-neutral in Turkish society. Our hypothesis is that this different association of science
with gender might influence the chemistry self-concepts of students with a Turkish background.
This underlines the need for culture-sensitive science self-concept research.



Educ. Sci. 2019, 9, 240 14 of 17

Measurement non-equivalence seemed not to be present. Firstly, the students’ oral descriptions of
their abilities in chemistry seemed to correspond to their self-concept scores. The self-concept scores
from the questionnaire, therefore, seem to be a good gauge for students’ self-concepts in both cultural
groups. Secondly, thinking about self-concept seemed to be equally salient in both cultural groups.
This suggests that self-concept is of equal importance in both cultural groups. Measurement bias seems
to be of minor importance in this study. This could possibly be due to the fact that all students live
in Germany and most of them have probably been raised in the country. The students are, therefore,
presumably equally familiar with Likert-type items.

The concurrent triangulation mixed methods design proposed in this study has several advantages
compared to self-concept research that relies on Likert scale data only. (i) It can uncover conceptual
non-equivalence as it did in this exploratory study; (ii) It can uncover measurement non-equivalence
which seemed not to be present in our study; (iii) It pushes researchers to ask questions that go beyond
the description of differences in self-concept. This can lead to more culturally embedded analyses.
The present investigation constitutes an example of the attempt to embed self-concept data into the
cultural context through trying to understand the culturally different associations of the chemistry
with masculinity.

6.3. Limitations of the Study

The present study was exploratory in nature with the goal to assess the usefulness of a concurrent
triangulation mixed methods design in self-concept research. Due to its exemplary nature, it faces
several difficulties. One limitation of the study is the sample size, which poses difficulties, especially to
the statistical analyses. However, the fact that we replicated the overall gender gap in favor of the boys
encouraged us in our further analyses. It had been documented numerous times for Germany and,
therefore, suggested that our sample represents some key trends. More importantly, the interviews
support the assumption that the quantitative data are of good quality: many students talked about
their abilities in the interviews. Their verbal statements corresponded to their self-concept scores in the
questionnaire. Students who in the interviews talked about confidence in their abilities in chemistry
showed self-concept scores above the mean. Students who were skeptical about their abilities in the
interviews showed self-concept scores below the mean. This triangulation confirms the quality of
the data. However, in order to be sure about the existence of the interaction effect between gender
and cultural background, further investigations would be needed since this is the first time this has
been documented.

Further, it is important to notice that the statement about the association of chemistry with
masculinity that might differ between the two cultural groups is a hypothesis. At present, we cannot
claim its validity because the interview study was explorative in nature. In order to claim validity
for the hypothesis, a study aimed at hypothesis testing would be needed. The explorative approach
was chosen because the primary goal of this study was to test a newly developed methodological and
theoretical framework for more culture-sensitive academic self-concept research.

One strength of the approach is that it provides a framework for self-concept investigations in a
mixed methods design with considerable explanatory power. This is due to the fact that the qualitative
data are not used as illustrations but make substantive contributions to the whole analysis. In this
study, the interviews served two purposes: (i) they allowed assessing the accuracy of the results from
the quantitative part of the study. We saw that the students’ statements about their abilities in the
interviews corresponded to those in the questionnaire. In addition, it made us aware of conceptual
non-equivalence. This is a triangulation assuring the validity of the data; (ii) The interview data
allowed us to explore possible meanings of the findings from the questionnaire data. As stated above,
in this study, we could derive hypotheses. However, we cannot claim their validity because this is
the first time this approach was employed in a study. Despite this, the analysis of the interviews
according to Hattie’s process-oriented framework resulted in important insights. It made us aware of
differences in gender conceptions that might play a role. We, therefore, believe that the approach to
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academic self-concept research explored in this article could lead to more culture-sensitive research and
a deeper understanding of academic self-concept. Of course, the adoption of other models could be
good alternatives, such as identity models which integrate self-concept in their conception. This could
be fruitful because identity theories tend to focus on the processes of identity construction and
sociocultural narratives whereas self-concept research provides quantitative information. Exploring
the scope of joint approaches could advance self-concept research. We suggest that the presented
approach could be used in other domains in order to further explore its explanatory power.
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