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Purpose. In the context of rapid digitalization and the need to develop students’ 21st century skills,
acquiring a growth mindset is essential. A person with a growth mindset believes that, for example,
intelligence and creativity are malleable and develop through persistent practice. The purpose of this
investigation was to first, explore Finnish 7th grade students’ mindsets related to intelligence and giftedness. Secondly, this study investigated students’ mindsets relation to academic achievement in mathematics and mother tongue, as well as students’ educational aspirations. Thirdly, this investigation
examined how the mindsets are related to students’ sociodigital competence beliefs and perceived digital school practices. Finally, findings of a mindset intervention conducted in a Finnish educational
context, which targeted mindsets in intelligence, giftedness and creativity, are reported.
Method. Data for Study A was collected with a questionnaire, which was answered by 1059 7th grade
students in Helsinki. The questionnaire assessed students’ intelligence and giftedness mindsets,
educational aspirations, sociodigital competence beliefs and perceived digital school practices. A
TwoStep cluster analysis was used to locate natural intelligence and giftedness mindset groups from the
data. Next, two-way ANOVA’s were utilized: identified mindset groups and gender were independent
variables and academic achievement in mathematics and mother tongue, educational aspirations, as well
as sociodigital competence beliefs and perceived digital school practices were dependent variables. In
Study B 21 students answered a questionnaire on intelligence, giftedness and creativity mindsets before
and after the intervention. Differences between pre- and post-test were analyzed using a paired samples
t-test.
Results and significance. The results indicated that 7th graders had a strong growth mindset in intelligence and giftedness, yet groups of fixed, mixed and growth mindsets were found. Moreover, a growth
mindset in intelligence and giftedness was positively related to students’ academic achievement in both
mathematics and mother tongue as well as their educational aspirations. Further, a fixed mindset in giftedness indicated higher technical sociodigital competence beliefs. Similarly, students with a fixed mindset in both intelligence and giftedness perceived there to be more sociodigital school practices. Study B
found that only students’ creativity-related mindsets changed significantly. The investigation proposes
that schools should more strongly support students’ growth mindsets and their creative and academic
sociodigital competences as they are a relevant part of the 21st century skills.
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Tavoitteet. Tulevaisuuden taitojen kannalta on olennaista omaksua niin sanottu kasvun ajattelutapa,
joka auttaa ymmärtämään, että esimerkiksi älykkyys ja luovuus kasvavat sinnikkään ponnistelun
välityksellä. Tämän tutkimuksen tarkoitus oli ensiksi tarkastella suomalaisten 7-luokkalaisten
älykkyyteen ja lahjakkuuteen liittyviä ajattelutapoja. Toiseksi tutkimuksessa tarkasteltiin näiden
ajattelutapojen yhteyttä arvosanoihin matematiikassa ja äidinkielessä sekä opiskelijoiden
koulutustavoitteisiin. Kolmanneksi tarkasteltiin ajattelutapojen yhteyttä opiskelijoiden raportoimaan
sosiodigitaaliseen osaamiseen ja koulujen sosiodigitaalisiin käytäntöihin. Viimeisenä, tutkimuksessa
raportoidaan suomalaisessa koulukontektissa toteutettu ajattelutapainterventio, jonka kohteena oli
kasvun ajattelutavan tukeminen älykkyyden ja lahjakkuuden lisäksi myös suhteessa luovuuteen.
Menetelmät. Tutkimus A:n aineisto kerättiin kyselylomakkeella, johon vastasi 1059 7-luokkalaista
Helsingissä. Kyselyssä mitattiin oppilaiden älykkyyden ja lahjakkuuden ajattelutapoja,
koulutustavoitteita sekä heidän sosiodigitaalista osaamistaan ja koulun digitaalisia käytäntöjä.
Osanottajat jaettiin ryhmittelyanalyysin varassa ajattelutaparyhmiin erikseen älykkyyden ja
lahjakkuuden suhteen. Ryhmien eroja tarkasteltiin kaksisuuntaisen ANOVA:n avulla, jossa
ajattelutaparyhmä ja sukupuoli olivat riippumattomina muuttujina ja riippuvina muuttujina oli
arvosanat matematiikassa ja äidinkielessä, koulutustavoitteet, sekä sosiodigitaaliset kompetenssit, että
digitaaliset käytännöt. Tutkimus B:n aineisto kerättiin myös ajattelutapakyselyn varassa, ja siihen
vastasi 21 osallistujaa ennen ja jälkeen intervention. Ajattelutapojen muutosta alkutestistä lopputestiin
tarkasteltiin parittaisen t-testin avulla.
Tulokset ja johtopäätökset. Tulosten mukaan 7-luokkalaisilla oli voimakas kasvun ajattelutapa, mutta
aineistosta löydettiin kolme ryhmää: muuttumaton, sekalainen ja kasvun ajattelutapa. Kaksisuuntainen
ANOVA paljasti, että sekä älykkyyden ja lahjakkuuden kasvun ajattelutavalla oli positiivinen yhteys
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Introduction
Disruptive technologies associated with the fourth industrial revolution are fundamentally
changing societal and human needs as routine jobs are being substituted by technology
and new competence requirements are placed upon the workforce (Pajarinen et al., 2015;
Shalfie et al., 2019). At the same time, humans are facing severe threats related to climate
change, sustainability of the Earth, and radical inequality. Researchers are concerned that
there is an increasingly severe ingenuity gap (Facer, 2011; Homer-Dixon, 2001) between
such challenges and the current educational practices. In order to prepare young people
to radically transforming working life and society, the educational institutions have to
provide students with deeper learning, innovation and collaboration skills and renew institutional practices of learning and teaching accordingly. Further, students’ ability to
overcome challenges, tolerate ambiguity, and produce new knowledge and innovation is
fundamental for their own striving as citizens and professionals. Hence, this investigation
concerns itself with seventh grade students’ the mindsets i.e., the malleability versus fixedness of human attributes (Dweck & Leggett, 1988; Kamins & Dweck, 1999; Mueller
& Dweck, 1998) related to intelligence, giftedness and creativity and the interrelations
between the mindsets and educational and sociodigital activity.
The dominant tradition of viewing intelligence, giftedness, and creativity as pre-given
and fixed individual abilities is increasingly problematic, firstly, because of new scientific
discoveries in the field of neuroscience, and research on expertise and talent development,
but also because building a sustainable future is not possible without young generations
stretching their innovation competencies. Learning to productively participate in the
emerging innovation-driven knowledge-creation society appears to require a growth
mindset from all students. In the context of this development, it is not enough to merely
promote intellectual elites; all citizens’ have to cultivate their capabilities of seeing things
in novel perspectives, build their self-efficacy, and social identities as potential innovators
(Hakkarainen et al., 2004; Paavola & Hakkarainen, 2014). In order to meet these societal
challenges, the focus of educational institutions across the world have shifted on the 21st
century skills, which highlight students’ social emotional learning skills, creativity and
innovation, communication and problem-solving skills as well as digital fluency (Binkley
et al., 2012). The mindsets in intelligence, giftedness and creativity significantly influence
students’ abilities to face hard challenges, bounce back from setbacks and pursue their

2
goals (Dweck, 2017a). When one believes that human attributes are malleable, they are
said to have a growth mindset whereas if one believes that qualities are fixed, in other
words, you are born with a certain amount of, say, intelligence, they are said to have a
fixed mindset (Dweck, 2017a). Such beliefs are critical for empowering students learning,
development and well-being and ensuring their capabilities of succeeding in the digitalizing work-life, which involves using digital technologies for continuously adapting,
learning, and innovating.
Investigating the mindsets during educational transitions is especially relevant because
transitions place new pressure on students. The transition phase from lower school (classes 1-6) to middle school (classes 7-9) in Finland often means a multitude of changes:
readjustment to a new school, class and teacher, while schoolwork becomes more demanding and many choices about students’ future become timely. Throughout all this,
students go through acute developmental changes. Therefore, students’ psychological capabilities in general and self-perceptions in particular are challenged during educational
transitions (Wigfield et al., 1991). Moreover, Finnish students are experiencing increasing disengagement and lack of motivation at school (Hietajärvi et al., 2020; Salmela-Aro,
2017). This is partially because of the disparities between young people’s social and digitally mediated informal learning and their individualist and teacher-controlled studies at
school (Hakkarainen et al., 2015; Prensky, 2001). The same digital technologies that are
transforming working life would enable enhancing personal and social practices of learning at school in terms of making them more creative and innovative in nature. As the most
important goal of middle school is to provide students with the needed skills for later life
and encourage students to continue their education (FNAE, 2016), studying the mindsets
of middle school students may provide insight on possible educational reforms.
In order to advance understanding of middle school students’ mindsets in Finland, the
study was conducted in collaboration with a research project from University of Helsinki
called “Growing Mind: Educational Tansformations for Fasilitating Sustainable Personal,
Social and Institutional Renewal at the Digital Age”1. The project has multiple points of
interest such as implementing innovative invention and game projects, supporting teachers’ competence in the digital age and renewing the school systems, organizing events to
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support research-practice partnership as well as to design and conduct interventions that
support students’ growth mindset and learning skills. In the following pages I will construct a research review on the mindset theory and associated empirical studies. The theoretical framework is structured as follows: Section 1.1 centres on implicit and explicit
beliefs on intelligence, giftedness and creativity, whereas in Section 1.2 I move on to
explain what kind of an impact the mindsets have on students. Further, in Section 1.3 I
will review important socio-cultural aspects of the mindset and in Section 1.4 I drive into
growth mindset pedagogies. Finally, mindset interventions are examined in Section 1.5
and the research aims are presented in detail in Section 1.6. After the theoretical framework, in Chapter 2, the research setting is explained together with highly important methodological choices and considerations. Subsequently, research findings are presented in
Chapter 3. The final Chapter 4 synthesizes the results, addresses reliability and validity
issues as well as discusses the possibilities of fostering growth mindsets in school.

1.1 Conceptions of intelligence, giftedness and creativity
Scientific studies differentiate between implicit (everyday) and explicit (scientific) beliefs
(Glâveanu, 2011; Kaufman & Sternberg, 2008; Vygotsky, 1962) that mutually shape one
another. Intelligence, giftedness and creativity relate to both everyday and scientific beliefs regarding the principal nature of human diversity. In this context, implicit beliefs
can be defined as lay people’s beliefs about the nature of human attributes; such beliefs
are fundamentally shaped by everyday experiences and interaction with friends, family,
and culture. Mindsets, subsequently, focus on lay people’s views of the malleability versus fixedness of human attributes. Although such beliefs occur in daily life, they are affected by popularized, but often outdated, scientific theories about the targeted phenomenon, like intelligence. In order to understand why different mindsets exist, it is vital to
understand how these different sources of cultural knowledge are interconnected. I am
interested in how implicit and explicit beliefs are allied, and especially, how some explicit
views on the nature of human attributes are related to lay peoples fixed mindset. In this
Section I will first introduce the concept of social representations, after which I will explain how differential psychology became a paradigm that has substantially influenced
lay people’s implicit beliefs. I will shortly review studies on intelligence, giftedness and
creativity and explain how new evidence from neuroscience and expertise have shifted
our understanding.
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In accordance with personality psychology and individualist social psychology, mindsets
have been considered to be mental representations (Neisser, 1981). The more profound
social and cultural aspects of mindsets have, however, received little attention. Because
mainstream psychological investigators have traditionally been interested in individual
mental processes, they have not considered that mental representations do not derive from
the depths of the human mind but are appropriated from the social environment and enacted cultural practices, representing internalized “cultural models” (Holland et al., 1998).
Serge Moscovici (2000) argued that human cognition cannot be seen as mere mental
structures but rather as socially and historically mediated. Shared social representations
are defined as a system of values, attitudes, and practices with two functions: to create
order that helps to manage the complex sociocultural world and ease communication
within the community (Sakki et al., 2014). Socio-historically advancing scientific conceptions are shared in culture and shape the prevailing everyday beliefs and actions
(Vygotsky, 1962). Conceptions of intelligence, giftedness, and creativity can be seen as
emotion-laden social representations that provide meaning and value to everyday events
and communicate our experiences to others (Mugny & Carugati, 1989). Explicit beliefs
are then a form of cultural knowledge, which are socially shared and eventually becomes
a natural part of cultural beliefs. According to Moscovici (2000), this happens through
anchoring and objectification. Anchoring involves merging the phenomenon into familiar
parts of the social group’s existing beliefs, assumptions, and meanings systems, while
objectifying saturates communicative processes through the target phenomenon making
the new abstract idea (e.g., intelligence) now a concrete part of communication (Moscovici, 2000). Finally, naturalization involves making previously foreign concept to appear
as a natural part of social reality (Sakki et al., 2014). Accordingly, the everyday and scientific conceptions are interdependent, but what is the content of cultural knowledge regarding the nature of intelligence, giftedness and creativity? In what follows, briefly summarizes the history behind intelligence, creativity and giftedness research.
Conceptions of intelligence, giftedness and creativity appear to have emerged from efforts
of explaining human diversity in relation to societally valued achievement in learning,
working and innovation. Investigators who came from societally advantaged and privileged backgrounds started to seek explanations for individual differences from inherited
human traits and their categorical psychic features (Gould, 1996). Observed diversity in
human activity has been explained by fixed human characteristics for ages (Olson, 2003).
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People are still making causal attributions in everyday life using fixed individual characteristics for explaining complex behavioral phenomena (Kelley & Michela, 1980). Accordingly, emerging research on intelligence, giftedness and creativity was shaped and
colored by such everyday intuitions. Because developmental and systemic processes are
harder to understand and invisible for observers, such explanations appeared often to be
the most intuitive, and often times considered also the only possible explanation. Hence,
investigators of intelligence, creativity and giftedness started by seeking methods for
characterizing human diversity, resulting to differential psychology. This approach dominated psychology from 1930s to 1960s (Revelle et al., 2011) and still influences research
on human diversity.
Research on intelligence started in the early 20th century when Alfred Binet was given a
task to try to identify students who would benefit from special education (Nisbett, 2009).
He designed a series of relatively simple tasks that would allow determining the participants’ level of performance. Intelligence tests were developed by constructing large number of tasks, to be solved under time constraint, for measuring verbal, numeric and visual
competences. For assessing participants’ performance across age and culture, the Intelligence Quotient, IQ was developed (Nisbett, 2009). IQ score was obtained by dividing a
person's mental age score, obtained by administering an intelligence test, by the person's
chronological age, both expressed in terms of years and months. The resulting fraction
(quotient) was multiplied by 100 to obtain the IQ score (Nisbett, 2009). The IQ has remained pervasive in intelligence research so far that many researchers and lay people
started defining intelligence by naively saying that intelligence is what intelligence tests
measure, and the IQ indicates (Gould, 1996). Although Binet never assumed that intelligence is a single entity nor did he believe that it could not be the subject to change, this
did not stop others to make these interpretations later (Nisbett, 2009). In 1904 Charles
Spearman formulated the so-called “Spearman’s g” for general intelligence, which is
closely related to the IQ (Nisbett, 2009). His view was that intelligence was mental power
that was innate in nature and it could be measured with IQ tests. Spearman’s research
took hold for its’ simplicity and invited comparisons between individuals, races and ethnic groups (for criticism, see Gould, 1996). Other researchers too have contributed to this
line of intelligence research, such as Herrnstein and Murray (1994), the writers of the Bell
Curve, and Goddard (1920), the creator of “Goddards list” on intelligence (cited in Per-
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kins, 1995). These researchers assumed intelligence largely to be determined by biological factors (Perkins, 1995). They displayed highly conservative views on the fact that as
people with low socio-economic status, often ethnic minorities, did not perform well in
the IQ test, they were believed to be naturally intellectually inferior (Gould, 1996; Nisbett,
2009; Perkins, 1995). These views still hold a significant place in people’s implicit beliefs
because, for instance, coloured students and females can be highly affected by threat of
cultural stereotypes (Aronson et al., 2002; Good et al., 2003; Good et al., 2012; Steele &
Aronson, 1995). Moreover, in the USA students go through a vast amount of standardized
testing enforced by the No Child Left Behind Act (Knoester & Au, 2017; Robinson &
Aronica, 2015). These tests may have cognitive ability tests incorporated in them and IQ
tests are vastly used to identify gifted students and special education students (Kaufman
& Sternberg, 2008). Later people may be tested at army, entrance examinations, and recruitment processes. In Finland, however, such testing is scarce and only the military has
systematic IQ testing. Because of such institutional categorization practices, the differential psychological view of intelligence has a strong influence on the very same everyday
beliefs that mindset interventions aim at altering.
Research on giftedness appears to have inherently outgrown from the differential psychological tradition in terms of focusing explicitly on analysing personal attributes of people
who are exceptionally talented and have made, or have potentials for making, societally
and historically significant intellectual or creative achievements (Kaufman & Sternberg,
2008). Accordingly, it appears to be related to both intelligence and creativity domain.
For a long time, it was supposed that giftedness and creativity were by-products of high
IQ, which were believed to reflect innate characteristics than only a limited number of
people shared. For example, Terman (1926) considered gifted people to be only the top
1% of the Stanford-Binet Intelligence test, and creativity was assumed to result from high
IQ (cited in Kaufman & Sternberg, 2008). Similarly, with intelligence and creativity, also
giftedness research has influenced educational practices. Many countries have set up special programs for gifted students. Research on giftedness aim at providing teachers tools
for identifying exceptional and talented by determining attributes that supposedly gifted
students have (Laine et al., 2016). The inclusive ethos of Finnish education (Hargreaves
& Shirley, 2011) entails, however, that such programs do not have a central role in our
country.
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According to Boden (1992, see also Sawyer, 2012), creativity refers to an individual capability to produce novel, surprising and unique ideas that are applicable and valuable in
certain social contexts. She separates, further, personal (little c that involves coming up
with locally novel ideas that are already known elsewhere) from historical creativity (Big
C involved in making creative leaps with large societal and historical significance). The
former refers to everyday creativity and the latter to eminent creative achievement, and
investigators have developed also more nuanced typologies for types of creativity (Kaufman & Beghetto, 2000). In accordance with the differential psychological tradition, many
investigators examined personal characteristics of highly regarded or eminent creative
people, such as famous scientists or artists. Creativity has been associated with creative
insights (aha experiences), idea fluency, divergent thinking, and investigators have developed associated testing instruments. In practice, psychometric studies of giftedness
and creativity have been intertwined because both focus on tracing characteristics socially
recognized exceptional performers. The domain of creativity is not as deeply confounded
with the differential psychology than those of intelligence and giftedness research. Associated educational applications highlight trainability of creativity in terms of craft, visual
art, music and similar educational enrichment programs.
The above differential psychological approaches on intelligence, giftedness and creativity
represent scientifically outdated approached on human diversity. Yet, they are relevant
because the differential psychological paradigm has penetrated the popular culture
(Mugny & Carugati, 1989), still affects everyday attributions of human capabilities, and,
arguably, also young people’s mindset across domains. Although full review of research
advances across intelligence, giftedness and creativity is beyond the scope of this thesis,
a few remarks are in orders. Investigations by Gardner (1999), Sternberg (1985) and Renzulli (2005) have revealed that intelligence and giftedness are multidimensional rather
than a uniform general intellectual ability. Firstly, Gardner’s (1999) Theory of Multiple
Intelligences defines intelligence as biopsychological potential to process information,
which can be used for solving various culturally significant problems or generate creative
productions. Gardner divides intelligence into eight parts: linguistic (e.g. as in the ability
to use language), logical-mathematical (e.g. logical problem solving skills), spatial (e.g.
ability to distinguish distance), bodily kinaesthetic (e.g. dance and use of body), musical
(e.g. playing instruments), naturalistic (e.g. understand nature) as well as intrapersonal
(e.g. self-awareness) and interpersonal (e.g. understanding other people’s motivations and

8
feelings) (Gardner, 1999). Secondly, Sternberg’s (1985) Triarchic Theory of Intelligence
consists of practical and creative intelligence in addition to analytical intelligence. Finally, Renzulli’s (2005) Three-Ring Theory of giftedness highlights above average ability, creativity as well as task commitment. These views on intelligence and giftedness
diversify what we may see as intelligence activities compared to one which call for a
singular nature of intelligence. Both Renzulli (1999) and Sternberg (1999) have found
that when their definitions of intelligence or giftedness have been used to identify gifted
students, the ones admitted are more diverse in terms of racial, ethnic, socioeconomic and
educational background (cited in Sawyer, 2012).
Kaufman and Sternberg (2008) categorized theories on giftedness into four consecutive
models: domain-general models, domain-specific model, system models and developmental models. These models can be seen as paradigm shifts. The first model, domaingeneral, is closely related to the early conceptions of giftedness, for example Spearman’s
general intelligence. Giftedness was thought as an overall superiority that was measured
against some standard. The second model, domain-specific, sees giftedness as more multidimensional; one can be an excellent painter, but not so good in singing. An example of
this could be Gardner’s theory. The third model, system model, understands giftedness as
a system, which is dependent on the interaction between a combination of capabilities,
nurturing of which depends also on suitable sociocultural environments (e.g. Renzulli’s
theory). The fourth model highlights the developmental nature of giftedness, which is
similar to a potential that can be developed with the right tools and practices. Giftedness
is perceived as a potential or the outcome of persistent practice. The mindset theory could
be seen as this kind of developmental model.
In addition to diversifying theoretical conceptions on intelligence, giftedness and creativity, neuroscientific research that has radically advanced during past decades challenge
assumptions of fixed human abilities. When scientists have studied the brain with progressively more sophisticated instruments, they have discovered that the brain is highly
malleable, super-plastic entity (Donald, 2000). This plasticity enables in-depth cognitive
socialization to culture and through education cultivating unique human capabilities that
literate societies require (Donald, 2000). Neuronal plasticity refers to the potentials for
forming new synaptic connections and improving effectiveness regarding the functioning
of the actual neuron and its interconnections (Koizumi, 2004). New systems of neural
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connections are created and enriched during formal and informal learning of new
knowledge and skills. Further, the cognitive neuroscience reveals that sustained participation in cultural experiences and practices affect structures and functions of the brain.
Park and Huang (2012) stated that “here is a wealth of evidence that experiences sculpt
both brain and behavior. Recent work in cognitive neuroscience has provided clear evidence that sustained experience changes neural structures. For example, London taxi drivers who engage in a sustained way show larger gray matter of posterior hippocampi, with
the magnitude of the effect increasing with experience, suggesting experience to be the
causal mechanism (Maguire et al., 2000).” (p.1). Furthermore, Shenk (2011) highlighted
the inherent modifiability of the brain by comparing it to a jukebox that can learn to play
different tunes depending on interaction between genes, cultural environment, and persistent effort. We now know that when people learn and invest effort in long-term training, they form new neural connections, develop through myelination super-effective cognitive circuits, and change the overall structure and functioning of the brain (Koizumi,
2004). These findings indicate that together with neural plasticity, sustained participation
in cultural and educational practices is likely to have dramatic developmental consequences. Mindset researchers pursue to spread these messages to students through mindset interventions (e.g., Blackwell et al. 2007).
Beyond neuroscientific research, studies on the role of expertise in exceptional performance in professional work, science and arts also challenge the differential psychological
view of fixed human attributes. Ericsson has dedicated his research to the development
of expertise. He uses the term deliberate practice to describe sophisticated long-term
training actions that people have to engage for cultivate their talents. Ericsson (2008)
highlights four elements of deliberate practice: a specific goal, a motivation to develop,
constant feedback, and sustained practice. Ericsson (2006) has found that, for instance,
the world’s greatest talented violists use more time on deliberate practice than other, less
credited violists and that deliberate practice can be used to significantly increase working
memory (Ericsson & Charness, 1994). Other scholars such as Duckworth and collaborators (2011) found that deliberate practice was the most significant predictor of the success
in a spelling competition. Further, research on creative expertise reveals that long-term
training, sophisticated deliberate practice, and socialization to knowledge and practices
of one’s creative field play crucial role in creative achievements (Howe, 1999; Weisberg,

10
2006). The above-mentioned findings from in neuroscience and studies on human expertise walk hand-in-hand and appear to portray that we have way more potential than the
old differential psychological theories made people believe.
The above reviewed conceptions of intelligence, giftedness and creativity, which were
based on differential psychological assumptions of fixed human attributes, constitute social representations that are still significantly affecting educational practices. Accordingly, the theories and concepts of categorical individual differences have gradually “travelled” back into cultural communities, being enacted in everyday life, reproduced through
popular culture, and shaped educational practices (Olson, 2003; Nisbett, 2009; Perkins,
1995). When intelligence is, for instance, seen as a single entity and innate in nature, it is
logical to measure it with a speed or accuracy test. For example, mathematics teachers
who have a one-dimensional view of math (i.e., believe that math involves procedures
and facts that need to be learned) tended to praise students for accuracy and speed (Sun,
2015). In many countries, students are often placed in ability groups, which usually are
not beneficial for them as ability-grouped students rarely move from one group to another
(Boaler, 2019). Notions of intelligence are simplified and selectively constructed according to participants’ cultural practices and norms. Yet, while implicit beliefs are in a way
held within oneself, those are not individual in nature. According to Räty and Snellman
(1998), the social hierarchy of participants defined their views on educability (i.e., the
ability to learn and be educated): teachers and middle-class parents believed in natural
differences between educability, whereas working-class parents were more critical towards this view. In another study, Snellman and Räty (1995) found that parents and teachers believed more firmly that heredity had an effect an intelligence than students did. As
argued by Hacking (1999), scientific conceptions affect people’s ways of making sense
of themselves and their subsequent activities and development trajectories. From this perspective, fixed mindset may be seen to emerge when young people take up and act upon
human categorizations they are subjected to and gradually direct their educational activities accordingly (see also Holland et al., 1998). Nevertheless, the developmental and systemic approaches reviewed above indicate that human capabilities can be enhanced with
the right tools and long-term practice. The growth mindset could be seen to be anchored
on this kind of developmental model and growth mindset pedagogy (see Section 1.4)
providing systemic conditions for implementing it.
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The purpose of this chapter was to understand the background of the mindset theory.
Understanding this background is crucial because it allows us to consider the social elements of the mindsets, and how they do not reside in the mind, but are communicated in
everyday language and practices. In a popularized form, well-established scientific theories of human abilities start gradually shape people’s everyday beliefs, especially if these
theories are itself anchored on simple but widely shared cultural assumptions about individual differences. Additionally, I wanted to highlight how the growth mindset is related
to scientific evidence regarding our potential of learning and developing. Hence, understanding how our educational culture facilitates a fixed mindset is of great significance,
but also how it would be possible to change it. The pedagogical implications are discussed
in the Section 1.3 and 1.4, but before diving into that I want to stress the evidence regarding the benefits of having a growth mindset in learning.

1.2 Mindsets and the 21st century skills
As digitalization is dramatically changing our society, work and lifestyles, schools and
educators need to support students learning competencies essential in the future (Korhonen et al., 2020). In response to this, many countries, including Finland, have pursued
school reforms to enhance the so called 21st century skills (Korhonen et al., 2020). Binkley et al. (2012) has divided the 21st century skills into Ways of Thinking (creativity and
critical thinking; problem solving and decision making, learning to learn and metacognition), Ways of Working (communication; collaboration and teamwork), Tools for Working (information literacy; information technology and communication literacy) and Living in the World (life and career; personal and social responsibility). According to Binkley and her colleagues (2012), learning to learn consists of attitudes, values and ethics,
which include, for instance, “a self-concept that supports a willingness to change and
further develop competencies as well as motivation and confidence in one’s ability to
succeed” (p. 43). The mindsets are critical to attitudes towards effort, the ability to be
persistent and resilient, which are concurrent with learning to learn skills (Dweck, 2017a).
In this section I will review literature on how the mindsets are related to learning, activity,
and motivation. However, most mindset studies have focused solely on mindsets on intelligence and mindsets related to creativity have been left unexamined (Hass et al., 2016;
Karwowski, 2014). Thus, I will also present literature on creativity mindsets as mindsets
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on creativity are essential to creative competence and the ability to innovate. Lastly, studies on sociodigital competences are reviewed and interconnected to the discussion of the
mindsets.
Research on the mindsets date back to Dweck’s early studies in the mid 70’s on attribution
of failure feedback (Dweck, 2017b). She noticed that when young children were given
difficult puzzles some reacted in a positive way: they were excited about the challenge
and saw that they were on a learning curve. Other children reacted very negatively, growing frustrated and depressed with their failure because they felt that their fundamental
abilities were being tested (Dweck, 2017a). Since then, an extensive number of studies
have found a connection between the growth mindset and academic achievement (e.g.,
Aronson et al., 2002; Blackwell et al., 2007; Chen & Wong, 2015; Good et al., 2003;
OECD, 2019), but also self-esteem (Diseth et al., 2014; Robins & Pals, 2002) and mental
health (Schroder et al., 2015). Moreover, Park and collaborators (2016) found that this
link emerges already during the first school years. This means that already at an early age
the mindsets may start to affect students’ learning, academic achievements, as well as
wellbeing in school.
When studying how, and why some students grew frustrated and others enthusiastic about
challenge, Dweck and Leggett (1988) hypothesized that some students cared more about
“proving” their cognitive capabilities, while others care more about “improving” their
capabilities. According to Dweck (2017a), the mindset affects the behavioral goals one
sets and what one examines in their behavior and learning. These are also called goalorientations, which are defined as the ways in which students orientate towards learning
and achievement, what types of goals they set, and what kinds of end results they favour
(Tuominen-Soini, 2013). Usually, goal orientations have been divided between learning
and performance orientations, but studies have found a variety of orientations (Tuominen
et al., 2017).
Dweck and Master (2009) argue that people with a fixed mindset are more commonly
performance oriented. They compare themselves to others and see learning as a contest
where one has to outperform others in order to feel competent and maintain their selfesteem. Because they believe that they cannot change their basic abilities, it is central for
them to not put too much effort in their schoolwork as high effort may be seen as low
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ability by others (Dweck et al., 2014). A need to prove one’s competence often results in
being more nervous and anxious in learning situations and tests (Dweck & Master, 2009).
When facing setbacks in school, students with a fixed mindset believe that it discloses
something about their pre-given intelligence and abilities (Dweck & Master, 2009).
Tuominen-Soini (2012) also found that performance-oriented students experienced more
school burnout compared to learning oriented students. Ultimately the fixed mindset may
lead to lower self-esteem and self-efficacy (Diseth et al., 2014; Robins & Pals, 2002) and
is more likely to lead to depression (Schroder et al., 2015; Yeager, 2017). Moreover, as a
person with a fixed mindset does not see learning as a process but focuses on the outcome,
hence, they may not use learning opportunities presented to them (Dweck, 2017a). This
may, in turn, also hinder academic performance.
Having a growth mindset, on the other hand, is related to a more learning-oriented approach (Dweck & Master, 2009). Students with a learning orientation pay attention to
their learning process and find it valuable; they are not interested in grades as such but
rather in learning and understanding (Dweck, 2017a; Tuominen-Soini, 2012). Moreover,
a longitudinal study by Robins and Pals (2002) found that for fixed mindset college student, self-esteem continued to decrease over the years of college, whereas for growthmindset students it continued to increase. According to them a growth mindset helped
students thrive, increased their feelings of self-efficacy and helped them cope with more
demanding tasks, whereas a fixed mindset did the opposite when encountering repeated
obstacles and increasingly difficult challenges (Robins & Pals, 2002).
In addition to academic achievement, there is reason to believe that the mindsets may
influence students’ educational aspirations i.e., the highest estimated level of education
that a student considers achieving. Educational aspirations are generally defined as students’ goals and plans within an academic context (Trebbels, 2015), which have been
divided into realistic and idealistic educational aspirations. Idealistic aspirations are described as students’ desired achievement level, while realistic aspirations point to students’ actual perceived probability of achievement and more practical expectations of
completing the aspired level of education (Rojewski, 2005). Educational aspirations are
anchored on self-related beliefs and personal values that direct a student’ way of establishing educational goals and engaging in well-organized and purposeful long-term learning efforts (e.g., Salmela-Aro & Upadaya, 2017; Wigfield et al., 2006).
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It is likely that students’ academic self-concepts affect how ambitious educational goals
they set for themselves (Garg et al., 2007). However, this may not necessarily mean that
students who wish to go on a vocational track rather than an academic one have a fixed
mindset. A recent study by Glerum and associates (2020) compared vocational school
and pre-university students and found hardly any differences regarding their mindsets.
Nevertheless, it is possible that in basic education, where academic competences are
highly appreciated, students who experience lacking these qualities may find that their
attributes and interests are not valued, creating a feeling of alienation, which may then
result in a fixed mindset. Yet, when the same student goes into the vocational track, their
mindset may start leaning towards a growth mindset as they find new and engaging ways
to contribute to their learning community. Nevertheless, research on the educational aspirations and the mindset is scarce, as well as longitudinal studies on the mindsets and
diverse educational paths.
In the studies reviewed above, the mindsets have been measured in relation to intelligence. Measuring the intelligence mindset is inevitably important when studying academic achievement, but what about when enlarging the scope to creativity? According to
Binkley et al. (2012), creativity is a vital 21st century skill as our knowledge society requires the ability to innovate, create and find solutions to problems. Yet, in this context
the malleability-versus-fixedness discussion has gone unnoticed by both creativity researchers and mindset researchers (Hass et al., 2016; Karwowski, 2014). Nevertheless,
studies on the creativity mindset have similar findings on performance and self-efficacy
as studies on intelligence. Creativity-related growth mindset have been found to be related
to creative self-concept (Karwowski, 2014) and high creative self-efficacy (Hass et al.,
2016; Karwowski, 2014). Interestingly, Karwowksi (2014) found, however, that having
a growth mindset on creativity did not straightforwardly predict a better result in problemsolving, but having a fixed mindset predicted slightly worse results. Yet, Royston &
Reiter-Palmon (2019) found that creative self-efficacy mediated the relationship between
design students’ mindsets and their creative performance. Hence, mindsets had an indirect
relationship to creative performance.
Furthermore, Apiola and Sutinen (2020) longitudinally investigated computer science
students’ mindsets on intelligence, math, creativity, social skills and computing. They
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found that the creativity mindset was the most fixed out of all mindsets and that intelligence and math mindsets continued to change towards a fixed mindset throughout the
year. Counter-intuitively, Apiola and Sutinen (2020) discovered that a fixed mindset on
social ability, creativity and computing were moderately associated with a better study
performance. While having very interesting results, the sample size of this study was
small (n = 48), indicating that more investigations are needed.
As research on creativity mindset is scarce, despite having a crucial role in the 21st century
skills, more research on how the creativity mindset interplays with performance, selfefficacy and learning in the school setting is needed. Importance of creativity mindset is,
further, highlighted by the emerging concept of maker mindset related to creative problem
solving, tinkering, and innovation. According to Dougherty (2013), the maker mindset
refers to an agent’s attitude to tolerate risk and failure and to engage in iterative experimental play for developing ideas into reality. The maker mindset is highly significant in
school because as a result, learners have “the full capacity, creativity, and confidence to
become agents of change in their personal lives and in their community” (Dougherty,
2013, p. 11). Supporting children’s mindset about their ability to create, make and design
is crucial for solving future wicked problems. The growth mindset appears a crucial aspect of the maker mindset because it relates to not being afraid of failure and being persistent. For example, Yamazaki and Kumar (2013) found that a growth mindset on creativity was related to academic risk-taking behavior and lower school-related stress.
The final theme of this section is to address interrelation between the sociodigital competencies and the mindsets. Digital technology has a profound place in today’s society and
the sociodigital competencies are an essential part of the 21st century skills (Binkley et
al., 2012). Yet, while the role of digital technology is recognized, Finnish school still have
substantial issues in incorporating digital technology into teaching in a pedagogically informed way (Hakkarainen et al., 2015; Ritella & Hakkarainen, 2012; Silander et al., in
press). Meanwhile, Ito and her colleagues’ (2009) ethnographic investigation revealed
that young people’s practices of sociodigital participation are diverse. Young people can
be divided into three partially (overlapping groups) according to their dominating ways
of using digital technology. Some of them are mainly hanging out, others either messing
around or geeking out with technology. Young people who use sociodigital technologies
for entertainment and spending time with friends at social media, belong to the hanging
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out group. A smaller group of adolescents are messing around with technology, for instance by intensive gaming or media production, in terms of discovering though exploratory activities various interest-driven ways of using technology. Finally, those who are
geeking out take part in the most complex technology mediated activities, such as designing, coding, and constructing technological systems, and putting deliberate effort for
learning and developing their sociodigital competences.
As we know that mindsets are related to learning in school, could mindsets be related to
the development of sociodigital competences? The advancement of such competences
requires high levels of persistence, metacognitive skills, and motivation. Therefore, it
would make sense to assume that students who are competent in using sociodigital technology, would display a growth mindset. However, a longitudinal study from Finland
found that a student’s digital learning preference was related to higher schoolwork engagement, whereas a wish for digital schoolwork was related to lower schoolwork engagement (Hietajärvi et al., 2020). Those students who were not given an opportunity to
pursue digital learning at school in spite of their wishes, experienced decline in their
schoolwork engagement. This might be explained by Prensky’s (2001, see also
Hakkarainen et al., 2015) Gap hypothesis: there is a large disparity between digitally oriented youth and the traditional educational practices, which are often teacher-controlled
and individualistic. When traditional school is disconnected from what students experience outside (Ito et al., 2013), there is a possibility that students start to experience alienation and disengagement at school. Moreover, likely because digital technology is not
used in schools, many studies have found large gender differences favoring boys in sociodigital competences, since boys are encouraged to interact with sociodigital artefacts
more than girls (e.g., Hietajärvi et al. 2020).
In this section I reviewed literature on why students’ mindsets matter: they significantly
impact students’ achievement, presumably educational aspirations and wellbeing too.
Moreover, I found that studies on the creativity mindset are scarce, even though creativity
has a substantial role in the 21st century skills. The 21st century skills are a focus of interest
in educational systems around the world, including Finland (Binkley et al., 2012; Korhonen et al., 2020). The Finnish National Curriculum for Basic Education (FNAE, 2016)
uses the terms transversal skills or transversal competence about such competences, and
the mindset could be considered to be part of “Thinking and learning to learn” (L1) skills.
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The thinking and learning to learn skills set a foundation for students’ lifelong learning
and are related to what kind of learner the student sees themselves to be. Despite the fact
that creativity as a skill is not mentioned in the curriculum, creative ways of working are
mentioned across almost all subjects (math, languages, art, music etc.) (FNAE, 2016).
Moreover, according to the FNAE (2016), sociodigital skills (L5) are also highlighted as
a transversal skill, which ought to be practiced across all subjects. Sociodigital skills are
divided into different areas which include practical skills and personal production,
knowledge management and inquisitive and creative ways of working as well as communication and networking (FNAE, 2016). Yet, there appears to be a large gap between
schools’ digital practices and students’ ways of informally engaging with technology
(Hakkarainen et al., 2015; Ito et al., 2013).

1.3 The socio-cultural nature of mindsets
In Section 1.1, I established that mindsets do not exist alone in the individual’s mind as
our minds are profoundly social and beliefs culturally mediated. Our social environment
produces disparate realities and bring about diverse social representations that affect the
way we see the world. Implicit beliefs on intelligence, giftedness and creativity are shaped
through interaction with our family, friends, and school environment. Thus, it is inherently important to understand how mindsets come to be in order to understand how it
could be possible to change them. In this section, I will analyse the socio-cultural nature
of mindsets and review research on the development of the mindsets. I will start from
early childhood and family environment and move on to school culture and studentteacher interaction.
Dweck’s early research suggests that praise has a significant impact on the development
of the mindsets (Kamins & Dweck, 1999; Mueller & Dweck, 1998). Mueller and Dweck
(1998) argued that praising a child’s abilities teaches them a fixed mindset in which selfworth is related to performance outcomes. When praising personal ability, the child learns
that they are good and competent when they succeed, but not when they fail and thus,
may feel pressure to continue performing well because they feel it is something that defines their selves. On the other hand, praising a child’s process, learning and the actions
they take towards a challenge sends a message that effort is appreciated and valued and,
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thus, promotes the growth mindset. In a more recent study, Gunderson et al. (2013) studied how parents’ praise shaped children’s mindsets. They found that the more the parents
praised the child as a person (e.g., “You are so smart”) predicted a fixed mindset and that
the more they praised the child’s efforts (e.g., “What a good try”) predicted a growth
mindset. Nonetheless, Haimovitz and Dweck (2016) argued that parents’ views on intelligence does not directly affect children’s mindsets whereas parents’ views on failure do.
They claimed that parents’ views on failure are more evident and available to children
than their implicit views on intelligence. When parents focused on performance, children
were more likely to focus on it as well and develop a fixed mindset. Nevertheless, it is
essential to keep in mind that children receive praise from multiple sources, such as both
parents, other family members, relatives, teachers, and their friends.
Interestingly, Gunderson et al. (2013) found that boys received significantly more process
praise than girls, and thus were more likely to have growth mindset later. Out of all the
praise the children were given in recorded 90 -minute sessions, boys received 24.4% of
process praise whereas girls only got 10.3% of process praise. Gunderson et al. (2013)
suggested that boys are more likely to have a growth mindset than girls. Yet, other studies
have found the opposite. A study from Finland found that boys have a more fixed mindset
in terms of giftedness (Kuusisto et al., 2017), and the latest PISA results indicated that
boys were more likely to have a fixed mindset in intelligence (OECD, 2019). The finding
was the same both worldwide and particularly in Finland (OECD, 2019). What is more,
a study by Räty et al. (2002) found that parents of first graders attributed boys’ competence in math and reading to innate abilities more often than parents of girls. Hence, parents of girls attributed their child’s competence more on effort even though girls often
surpassed boys in reading. It is possible that when boys are praised for intelligence, they,
in turn, develop a fixed mind.
The relationship between the mindsets and the socioeconomic status and whether the
mindsets are equally distributed among advantages and disadvantaged children have been
left with little research. Hart and Risley (1995) investigated the social interaction between
parents and their young children for one hour per month across the first 48 months of life.
The study compared patterns of interaction in professional, working class and welfare
families. They found that the lower the socio-economic status was, the fewer interactions
there were. For example, a child from a welfare family only heard 616 words per hour
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whereas a child from a professional family heard 2153 word per hour (Hart & Risley,
1995). Furthermore, they found that the content of interaction was mostly discouraging
in the welfare family whereas in the professional family interaction was mainly encouraging. The culture of interaction at home is likely to strongly shape a child’s mindset,
confidence, and feelings of self-efficacy. Furthermore, Claro and collaborators (2016)
found that students coming from a low-income family were less likely to have a growth
mindset. Yet, those who did hold the growth mindset were protected from deleterious
effects of poverty on school achievement. Students from low-income families (the lowest
10%) who had a growth mindset showed comparable test scores with the fixed mindset
students whose families earned 13 times more (80th percentile).
Correspondingly, schools and educators have a critical role in the development of the
mindset. Park et al. (2016) found a relationship between teacher-reported instruction practices and the motivational framework of 1st and 2nd graders. According to them, the more
a teacher endorsed a fixed mindset, the more they focused on academic results rather than
the learning process. Moreover, they stated that “the more a teacher emphasized performance outcomes and pointing out the best performing students, the more students endorsed an entity framework by the end of the school year” (Park et al., 2016, p. 309).
Even though the effect was small, this finding is significant because it is possible that the
effect intensifies over the course of several years. Furthermore, others such as Rattan et
al. (2012) have found that the teacher’s mindset was connected to the teacher’s pedagogical thinking, which was communicated to students in subtle ways. Teachers with a fixed
mindset were more ready to judge students to have low ability and were more likely to
comfort students and assign them less homework. These students reported lower motivation as well as lower expectations for their own achievement. Likewise, Gutshall (2013)
found a connection between the teacher’s mindset to students’ concepts of self-efficacy.
A Finnish study by Rissanen and associates (2016) observed and examined two teachers’
pedagogical practices and how they were related to the teachers’ mindsets. Interestingly,
their study signified that the mindsets do indeed affect the ways teachers explain students’
behavior and competences. A teacher with a fixed mindset used stereotypical thinking
when explaining their students’ behavior, lowered aims and eased up tasks in order to
motivate “weak” students and also used person praise when motivating high achieving
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students. In contrast, the teacher with a growth mindset was careful to avoid quick stereotypical thinking, focused on students’ progress and learning and praised students’ efforts
and, for instance, courage on taking up new tasks. Although the study was a case study
in nature, and, therefore, cannot be generalized to teachers in general, the study supports
the notion that what happens in school is important in shaping students’ consequential
perceptions of the nature of human attributes.
Likewise, the pedagogical practices used in schools can have vital consequences for students’ mindsets and development. A longitudinal study by Boaler et al. (2000) discovered
the practice of assigning students into math “ability” groups generates a set of expectations for teachers that overrides their awareness of individual aptitudes. Teachers though
of students as successes or failures based on their location in a “set”, not due to their
personal competences, and had presumptions about students’ level and pace of studying
based on their math ability group. The practice of adopting ability-grouping appeared to
signal teachers that it was appropriate to differentiate pedagogical strategies according to
grouping based on supposed abilities, compared to those strategies used with mixed-ability math classes. Yet, in Finland such practices have decreased and in fact Finland has an
inclusive ethos, in which students with learning difficulties are taught in the same classes
as other students (Hargreaves & Shirley, 2011). Moreover, Finland appears to have a
softer approach to learning, as there are almost no standardized tests nor intelligence tests
compared to the United states (Robinson & Aronica, 2015). Nevertheless, it is interesting
that according to PISA, Finnish students have a lower growth mindset than American
students (OECD, 2019).
Kärkkäinen and colleagues (2008) found that Finnish students’ conceptions of their academic competence became more pessimistic throughout the school years. They argued
that the school introduces institutionalized views on intelligence, which states that intelligence is a fixed trait and that students internalize this view through normative assessment, feedback and the everyday school practices. When young children tend to focus on
information about their own mastery and improvement, older children learn to assess
themselves through social comparison. Furthermore, they argued that “classroom practices convert the school’s view on ability into children’s representations of their own
competencies” (Kärkkäinen et al., 2008, p. 446). When discursive practices of an educational institution involve viewing intelligence as fixed and measurable entity, students
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tend to be discriminately categorized into groups of intelligent or unintelligent (Daniels,
1995). Furthermore, according to Räty et al. (2018), the ability self develops through
one’s life history and is influenced by normative comparisons forced upon by the school
institutions. Forcing an individual to the bottom of an assumed ability continuum, may
have severe long-term developmental consequences.
Additionally, according to Räty et al. (2004), school practices consist of two spheres of
education: the promotional and the restrictive sphere. The promotional sphere is related
to the school’s goal to develop each student’s skills and competence (i.e., incorporates a
belief that competence can be developed) whereas the restrictive sphere of education is
related to school practices that compare students’ abilities to one another, as well as rank
and assess students (i.e., students’ abilities are measurable and fixed and therefor can be
compared). These competing ideals produce a paradox in school practices and may result
in different ideas on the fixedness of attributes. The relative strength of these spheres is
likely to vary between schools and school systems according the level of discursive discrimination (Daniels, 1995).
This section provided an overview on the sociocultural nature of the mindsets, highlighting that mindsets do, in fact, develop through our sociocultural interactions with our families, peers and teachers. The mindset is a multifaceted construct, which can be influenced
by prevailing discursive practices and interaction with teachers, parents, and peers. I also
highlighted that teachers’ mindsets and school practices portray subtle signs to students,
which may affect students’ mindset. In the next section I will focus specifically on how
the growth mindset could be cultivated in schools.

1.4 Toward growth-mindset pedagogies
While teachers’ low expectations, discouraging feedback, and restrictive pedagogical
choices have an impact on students’ mindset, the opposite is also true. Teachers’ positive
expectations do also affect the development of students’ capabilities and mindsets. For
instance, in their famous Pygmalion study, Rosenthal and Jacobson (1968) told a teacher
that a group of ordinary students were exceptionally gifted. One year later the students’
achievements and the teacher’s assessment of their competences were far beyond the av-
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erage. Rosenthal and Jacobsen (1968) concluded that the teacher’s attributions and judgments of students’ capabilities had a substantial impact on their further development. The
question then follows: what if teachers treated all students as exceptionally intelligent,
gifted, and creative? In this section I will review how a growth mindset can be encouraged
in schools through teacher-student interaction as well as progressive pedagogies which
are foundational in building students’ 21st century competencies.
The growth mindset pedagogy, introduced by Rissanen and collaborators (2018), is “pedagogy that is likely to cultivate a growth mindset in students and is associated with the
teacher’s own growth mindset and process-focused pedagogical thinking” (p. 206). The
growth mindset pedagogy involves teachers supporting students’ individual learning processes, promoting mastery orientation, being persistent and fostering students’ processfocused thinking (Rissanen et al., 2018). For instance, teachers should avoid quick stereotypical judgements of students, they should learn to understand specific barriers that
individual students are struggling with and assist overcoming them. In addition, growth
mindset teachers emphasize formative assessment, avoid comparing students with one
another, and they give honest feedback in terms of pointing out that learning goals are
“not yet” reached, but require further effort. Moreover, teachers should praise students’
strategies and effort and teach the positive role of mistakes, initial failures, and challenges
in learning. These suggestions are critical for understanding how the mindsets develop
and what teachers can actually do to empower student learning and elicit growth mindset.
The above-described version of growth mindset pedagogy focuses mainly on teacherstudent interaction and supporting students’ social and emotional learning. While this is
highly important, there are other possible avenues for supporting students’ mindsets that
go beyond the scope of teacher-student interaction. As noted earlier, the pedagogical
choices a teacher make may influence students’ mindsets, but also the way a teacher facilitates learning and his or her level of understanding the nature of disciplines being
taught is vital. For instance, as I mentioned before, Sun (2015) showed that teachers who
adopted a one-dimensional view of math, that is, believe that math involves mainly procedures and facts that need to be learned rather than that there are multiple ways to solve
problems, were more likely to praise students for accuracy and speed and group students
based on past achievement. These practices present the student with the view that math
ability is static, and speed and accuracy are essential, which, in turn, is likely to develop
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the fixed mindset of students. If teachers’ own disciplinary knowledge is shallow, they
are not likely to have sufficient epistemic flexibility for preparing students to solving
open-ended and non-routine problems relevant in changing society (Bransford et al.,
2006; Lehtinen et al., 2014).
One distinction between learning mere facts and procedures and learning for understanding and epistemic flexibility could be the differentiation between linear and non-linear
pedagogy (Härkki et al., 2021). Traditional schoolwork tends to rely on linear pedagogy;
the learning process has pre-set goals, content, methods, stages and outcomes, which are
often followed using pre-given sequence based on a well-rehearsed lesson plan or a textbook. Non-linear pedagogy is associated with implementing advanced sociodigital practices at school in terms of engaging students in an open-ended and challenging integrative
study project. Many of such projects are anchored on science, technology, engineering,
arts and mathematics (STEAM) studies. Finnish teachers are often pedagogically conservative and favor direct teaching of large groups (Juuti et al., 2021). While linear pedagogy has an important place in schools, integrating varying pedagogical and digital practices is important for students’ engagement and development of diverse 21st century skills.
In non-linear pedagogy, students are given, or they decide on, an open-ended question or
task that they start to investigate in a group. Non-linear pedagogy may change classroom
dynamics and be especially beneficial for students who are not motivated or do well in
traditional school studies (Laurell et al., in press). Students have responsibility of their
progression, and the teacher orchestrates their process but cannot with similar detail script
the learning process (Riikonen et al., 2020a). The end-results are unforeseen, and the process involves emergent objects and stages. Yet, this means that the non-linear process is
places demands for the teacher, and often teachers require training and support before
implementing such practices (Juuti et al., 2021).
Examples of approaches on non-linear pedagogy are progressive inquiry (Hakkarainen et
al., 2004), knowledge building (Scardamalia & Bereiter, 2014), learning by collaborative
design (Seitamaa-Hakkarainen et al., 2012) and as fairly new elements, maker-centred
learning and maker pedagogy (Blikstein, 2013). Non-linear pedagogy is founded on constructionism (Papert, 1980) and knowledge-creating learning framework (Paavola &
Hakkarainen, 2014), which sees students as potential creators of knowledge. Construc-
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tionist learning theories hold that participation in building knowledge and making artefacts foster deeper understanding and in-depth learning engagement more than the mere
assimilation of knowledge of facts (Blikstein, 2013; Freire, 1996; Papert, 1980). Blikstein
(2013) argued that computers may become emancipatory tools when students are provided creative tools to become young designers, engineers and constructors and learning
collaborative working and building of cultural meanings. The use of sociodigital technology is foundational to non-linear pedagogy because participation in creative technology
use fosters students’ construction of personal and collaborative agency and identity as a
knowledge creator (Paavola & Hakkarainen, 2014). Further, non-linear pedagogy is beneficial for students because students learn to withstand ambiguity, be persistent and innovate, which are critical work life skills since when students go to working life, they will
engage more and more with problems where knowledge is applied, and creativity and
innovation hold a vital place.
Could non-linear pedagogy help students develop a growth mindset? According to some
scholars, there is much reason to believe so (Lanci et al., 2018; Laurell et al., in press).
Yet only two studies have investigated the relationship. Firstly, a study by Galaleldin and
Anis (2019) discovered that students who participated in making activities in an engineering course developed a growth mindset in relation to their beliefs about the nature of their
making abilities. The authors argued that engaging students in a new learning environment with novel and agentic ways of working challenges their maladaptive implicit theories. These include, for instance, what knowledge is valued (e.g., pre-given or something
that emerges through explorative tinkering), how it is shared and communicated as well
as the authenticity of learning and problem solving. Secondly, Vongkulluksn et al. (2021)
tested whether a design-based makerspace developed 3rd to 6th grade students’ mindsets.
They argue that makerspaces and mindset interventions have much in common such as
emphasis on the learning process, valuing the effort of learning, aligning feedback with
process goals, recognizing students’ autonomy and diversity and providing self-persuasion opportunities. Their longitudinal study disclosed that students’ growth mindset did
indeed increase in their two-year study.
Likewise, there are similar elements in many Finnish maker projects (Härkki et al., 2021;
Riikonen et al., 2020a; Seitamaa-Hakkarainen et al., 2020), although mindsets have not
been measured specifically. First of all, when students are provided with opportunity to
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decide what they do and how they proceed in their project they feel of autonomous and
agentic. While taking initiative may be difficult and perhaps also frustrating, when students find the motivation from themselves, they may feel empowered and also find the
joy of learning (Sormunen et al., 2020). Likewise, students engage in creative and critical
thinking processes as they ideate and innovate and evaluate, and the teacher provides
them with formative assessment and supports their thinking by scaffolding the process
(Riikonen et al., 2020b). Secondly, students are introduced to the design thinking process
(Galaleldin & Anis, 2019; Riikonen et al., 2020a), where failures are seen as part of the
process. These situations require creativity and problem-solving skills and provide students an opportunity to safely learn from productive failure (Sinervo et al., 2020).
Thirdly, when doing projects collaboratively, the pressure to succeed is released from one
student (restrictive sphere of education). One critical aspect of the maker projects is that
the group cannot succeed without everyone’s input. Tasks are demanding enough that all
students’ skills and efforts are needed. This creates a sense of contribution: feeling that
you are participating in something worthwhile. What is more, when the focus is shifted
from an individualistic learner to a collective learning community, also the way intelligent
activity is seen changes towards one where “diversity overcomes ability” (Page, 2007)
and all participants’ complementary skills and competences are needed. Additionally,
Sormunen et al. (2020) found that the project helped students with learning difficulties to
feel accepted by peers and promoted inclusion. The maker project provides a possibility
to learn about one’s strengths, productive roles in a group and feeling of accomplishment.
Additionally, often students find it important to share their designs with parents and a
broader audience. Students feel proud, empowered and accomplished while also receiving respect from others (Sinervo et al., 2020). Presumably, maker activity also develops
students’ growth mindset by providing empowering learning experiences, social recognition of one’s collaborative contributions and agentic creative efforts.
When mindsets are not recognized to be established through school and other cultural
environments, teachers and school leaders may not understand the role of pedagogical
practices and school culture in facilitating the growth mindset. Mindsets have been studied as mere individual disposition despite that there is much evidence that the mindsets
are profoundly social constructions, even social representations (Laurell et al., in press).
Moreover, Dweck (2017a) states there was a misconception related to the mindsets: Some
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teachers argued that they cannot teach students with a fixed mindset and thus transfer the
teaching responsibility somewhere else. Hence, the social nature of mindsets ought to be
highlighted in research even more. Moreover, more research is needed on how mindsets
are enacted in teachers’ everyday interactions with students and how educational institutes’ operating culture affects students’ mindsets. Furthermore, studying how various
pedagogical practices are related to students’ implicit theories of the nature of abilities,
intelligence, giftedness or creativity in development is a vital area of research. However,
the incorporation of new practices in educational practices is challenging and slow (Fullan, 2013), but possible through, for instance, researcher-teacher partnerships (Juuti et al.,
2021).

1.5 Mindset interventions
In the last section I discussed how schools can cultivate a growth mindset. However,
mindsets have been mostly been taught to students through social emotional learning interventions, often conducted by researchers coming from outside of school. These interventions strive to motivate and empower students to take responsibility of their learning
(e.g., Yeager & Dweck, 2012; Yeager & Walton, 2011) and have yielded positive results
in multiple studies (e.g., Bettinger et al., 2018; Blackwell et al., 2007; Paunesku et al.,
2015). In this section I will review the achievements and challenges of mindset interventions and center on interventions targeted at adolescents. Finally, I will describe the Growing Mind -projects approach to mindset interventions.
The most well-known mindset intervention was conducted by Blackwell and collaborators (2007). In this study the researchers conducted an eight-session intervention for grade
seven students, who’s math graders had been deteriorating. They split the group in two:
one received the growth mindset intervention and the other received lessons on various
study techniques. Sessions were held once per week beginning in the spring of the 7th
grade. In both groups, students were taught about the brain’s anatomy and neuronal structure as well as about anti-stereotypic thinking. The mindset intervention group read aloud
an article called “You Can Grow Your Intelligence”, which stated that the brain is like a
muscle and you need to work and try hard in order to learn. The group also discussed how
learning makes people smarter and that labels such as dumb or stupid should be avoided.
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The intervention appeared to aim at assisting students to make conceptual change (Vosniadou, 2007) regarding their conceptions of intelligence. Although the students were
only provided a popularized explanation of brain plasticity, the intervention made difference in terms of mindsets. The study reported significant changes in the mindset group’s
math grades and mindsets of intelligence after the intervention. The authors believed that
changing the way students think about math and learning made them more motivated,
because they now understood that they are in charge of their own learning. Blackwell and
colleagues (2007) study inspired many others to form their own interventions and many
have used the study as a model. One reason for their popularity was in at the same year
Dweck and Blackwell founded a company called Mindset Works2 and in 2009 they released a package called Brainology3, which is a commercialized mindset intervention
package for schools and is based on the mindset intervention program that Blackwell and
colleagues (2007) had developed. Later other commercialized mindset interventions have
been found such as PERTS4 (Project for Educational Research that Scales), which was
founded by David Paunesku, who also a notable mindset researcher.
Perhaps the commercialization of mindset interventions has made people believe that interventions are “quick fixes” to students’ motivational problems. However, Yeager and
Walton (2011) warn about this kind of thinking. According to them, there are multiple
aspects that need special consideration when developing interventions. First of all, understanding what the context is like for the students is necessary in order to get the main
message communicated. Interventions should be timely, for instance, in a transition phase
between lower and middle schools and the experiences that the students go through during
this time has to be understood well. Besides, students need to be active participants in the
intervention or in the making of it by, for example, incorporating intervention assignments that make students to reflect on their own thinking or by engaging students in the
development of the intervention using design-thinking (Yeager et al., 2016). In addition,
many interventions practice the psychology of persuasion, although it should be covert
(Yeager & Walton, 2011). One illustration of a covert persuasion method is the sayingis-believing technique: students are asked to write an essay where they convey the basic
intervention message to someone else (Walton & Cohen, 2011). This can also be though
2
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4
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3
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as Vygotskian double-stimulation (i.e., creating artefacts for remediating learning process) (Laurell et al., in press). In order to capitalize on cultural mediation that writing
about an issue provides (Laurell et al., in press), it is essential to give students open
enough assignments within boundaries of addressing mindset issues. Furthermore, according to Yeager and Walton (2011), conducting interventions in a classroom can be
difficult as other classmates can see students’ responses to assignments and comment on
them. This may significantly decrease the effect of the intervention because students may
be afraid of what others think. Moreover, since interventions should be covert, Yeager
and Walton (2011) state that interventions should be fairly brief because long interventions can decrease the effectiveness if their purpose becomes too obvious for students.
Yeager and Walton (2011) and Yeager et al. (2016) argue for self-administered, brief and
scalable interventions that are conducted via a website that students navigate through.
These scalable interventions are cost-effective and can be administered to all students,
not only those who researchers are able to contact. Paunesku and colleagues (2015) conducted this type of internet-based growth mindset and sense-of-purpose intervention for
over 1500 students in 13 geographically diverse high schools. According to them, the
interventions raised students’ semester GPA among those students who were at risk of
dropping out of high school. Yeager et al. (2016) developed this work further and used
user-centered design and A/B testing, that is, testing the intervention with minor variations on different groups. In their study, they compared the traditional mindset intervention to a revised scalable one and found that the revised mindset intervention outperformed the traditional one. This was thanks to the students’ participation in the designing
of the intervention to suit their needs better.
Despite these promising results, the mindset theory has been the subject of debate. Sisk
and associates (2018) conducted two meta-analyses studying the effects of the mindset
interventions and the relationship between the mindset and academic achievement. The
study displayed a contradiction between mindset interventions claimed having “profound
effects” on academic achievement, as the overall effects were found to be weak for both
meta-analyses. In their first investigation they established that only 37% of the analysed
effect sizes were positive and significantly different from zero. Hence, 64% of the effect
sizes were not significantly different from zero or were negative, which indicated that a
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growth mindset correlates with worse academic performance. Furthermore, Sisk and collaborators (2018) analysed the effect sizes for growth mindset-interventions and found
that only the socio-economic status was a significant indicator on whether the intervention
had a significant effect. Only students from low-socioeconomic households benefitted
from the mindset interventions significantly. Yet almost half (46%) of the studied interventions failed to observe a significant difference in academic achievement (Sisk et al.,
2018). Nonetheless, it is questionable whether GPA is a reliable source for measuring
learning since studies have found that those students who are performance-oriented outperform those who are learning oriented (e.g., Tuominen-Soini, 2012) and focusing on
GPA may mask subject-specific impact. Academic achievement is important and has significant implications on ones’ future possibilities but relying solely on it can be questionable.
A possible reason for the low effect sizes found by Sisk et al. (2018) could be that interventions conducted with adolescents are significantly more likely to fail in contrast to
interventions conducted with children or young adults (Yeager, 2017). According to
Yeager et al. (2015), adolescents are hypersensitive to the negative consequences of social
disrespect or exclusion as well as to the positive effects of social inclusion and respect.
Yeager (2017) applies Deci’s and Ryan’s (2000) self-determination theory when addressing of social emotional learning interventions for adolescents. There are significant differences in interventions that have led to strong behavioural change effects versus ones
that have not. Successful programs appear to deliberately promote three basic psychological needs, i.e., autonomy, belonging and competence (Deci & Ryan, 2000) together with
creating meaning and purpose for learning (Yeager, 2017). Autonomy correlates strongly
with a feeling of being respected. Many interventions use controlling language such as
should, ought or have to when trying to persuade adolescents in behaviour change. This
kind of discourse attacks adolescents’ sense of autonomy and competence as it makes
them seem not able to make smart decisions, needing taking care of and being immature.
A simple change of wording to might or could can increase a sense of autonomy (Yeager,
2017). Besides, should and ought to appear to be too obvious in persuasion, which is not
recommended by Yeager and Walton (2011). Many social emotional learning programs
are, however, insensitive for adolescence needs and often approach teenagers from an
adult perspective not inviting for them.
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Moreover, a sense of belonging supports students’ self-esteem and makes them feel like
being a valuable part of a group (Allen & Kern, 2017). As noted earlier, adolescents are
very aware of social cues and therefore should be treated with respect and as valuable.
Supporting a sense of belonging can be done by addressing adolescents as a team and
encouraging adolescents to take action because they are a valuable part of society
(Yeager, 2017). Further, competence is a critical aspect of social emotional learning programs. Students should be acknowledged to be mature enough and able to make decisions
for themselves. Yeager (2017, p. 39) states that “adolescents feel stigmatized by long
programs that teach them what seem like basic social skills. They might also find it condescending to be given information that they already have”.
In addition, a sense of purpose is essential so that students have goals which they are
ready to work hard for and in order to have positive feelings towards learning and challenge (Damon, 2009). When students do not feel a sense of purpose, they are more likely
to feel cynical towards school, which may result in school burn-out (Salmela-Aro, 2018).
Yeager (2017) points out that adolescents want to matter and are finding their place in the
world. They are attracted to social movements and should be encouraged to take part in
their community. Having a purpose for learning has been found to increase students’ grit,
self-control, persistence and academic achievement (Yeager et al., 2014). To increase a
sense of purpose, students may be asked about things that are important to them and what
they would like to change in their community (Yeager, 2017). After this they may discuss
how school subjects could contribute to those things, which could make students see the
value of education. Successful interventions take adolescents’ need for autonomy into
consideration and foster their agency as well as make them feel competent without telling
what to know (Yeager, 2017). The mindset model for social-emotional learning programs
finds that the “environment can socialize children and adolescents to hold different belief
systems or mindsets. These mindsets in turn cause them to use (or not use) the skills that
they have or are acquiring” (Yeager, 2017, p. 34).
Although mindset interventions have yielded positive results, there is still room for scepticism. The intervention approach on cultivating a growth mindset is far from the pedagogical choices teachers could make highlighted in the previous chapters. This difference
is likely to be because of foundational differences in believing what mindsets are; mental
dispositions or social representations. On the one hand, mindset interventions suggest that
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beliefs and attitude may be relatively easy to change; on the other hand, conceptual
change research has revealed that interconnected beliefs systems are resistant to change
(Vosniadou, 2007). Further, social representations are anchored and embedded on everyday personal and social practices, and their change may call for a more systemic change
in teaching and schooling practices. As Kansanen and colleagues (2008) claimed that
students are forced on to the “ability continuum” their assumed traits and abilities are
implicitly ranked, and they learn to some extent compete with each other. If this is the
reality in school, are students able to utilize the growth mindset message effectively if the
message goes against what is implicitly implied in schools’ everyday practices?
There are no reported mindset interventions that would have been carried out in Finland.
It is likely that there are vast cultural differences regarding what intervention practices
work in Finland compared to the United States. Nonetheless, the mindset intervention
programmes appear to align well with The Finnish National Curriculum for Basic Education (FNAE, 2016). The mindset intervention appears to be well-suited with the middle
school’s most important goal providing students with the needed skills for later life and
encourage students to continue their education (FNAE, 2016). The mindset intervention
focuses on students “Thinking and learning to learn” (L1) skills, which set a foundation
for students’ lifelong learning and are related to what kind of learners the students see
themselves to be.
The approach undertaken by the Growing Mind -project relies on the comprehensive and
holistic development of the school culture and practices. It is possible that mindset interventions do not have long-term success because the school culture, teachers and the pedagogical practices do not always support the development of the growth mindset. When
the message of the intervention is radically different from other messages the students
receive otherwise, it is fairly apparent that the effect of the intervention may not always
be long-term. In this study we pilot a preliminary mindset intervention for students based
on the highly tested and validated Brainology programme (Mindset Works, 2018) and
Mindsetkit5. Moreover, the intervention was also expanded to include creativity mindset
in addition to intelligence and giftedness. This was done because a growth mindset on

5
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creativity is especially vital for learning and innovation. Creativity is seen as a foundational 21st century skill, critical in the innovation-driven knowledge society. Moreover,
no other traditional mindset intervention has included a creativity mindset scale in a mindset intervention as most have measured changes in mindsets regarding intelligence. Yet,
there is reason to assume that a growth mindset on creativity could be fostered in the same
way as intelligence and giftedness. However, the aim is to develop the intervention program through multiple cycles of piloting and later also involve teachers into the planning
and integration of the interventions. Involving teachers in the next stage of the intervention is crucial since teachers should also be taught about the theory of the mindsets (Rissanen et al., 2016).

1.6 Research aims
Several investigations reveal that there are some worrying trends related to school disengagement and alienation of the digital youth in Finland (Hakkarainen et al., 2015;
Hietajärvi et al., 2016; 2020; Salmela-Aro, 2017). Middle school is an important phase of
identity development and a time when students form opinions about society, the environment and their place in that context. Therefore, experiences during this phase may have
crucial consequences on how one think of themselves as a learner and a maker. School is
not only an institution dedicated to academic achievement but also a place where students
grow their self-confidence, motivation as well as social and emotional skills (OECD,
2019). According to Salmela-Aro (2018) it is crucial for schools to raise students to become courageous and curious as well as to provide a base for learning, motivation and
purpose. During these years, students develop their academic self-concept and self-efficacy as well as their resilience to challenges. Fostering a growth mindset at this stage may
have significant implications when students evaluate different future alternatives and
struggle for overcoming increasingly more learning challenges.
The purpose of this study was to investigate Finnish 7th grade students’ mindsets and their
relation to academic achievement, educational aspirations and, as new areas of investigation, how the mindsets are related to students’ sociodigital competence beliefs and perceived digital school practices. Further, the purpose was to analyze and report the findings
of a mindset intervention conducted in Finland for the first time to my knowledge. Towards that end, this investigation is divided into two separate studies. The investigation
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relies on a quantitative research strategy by adopting an exploratory correlational research design (Study A) and a pilot-intervention research design (Study B).
Exploratory correlational research design aims to explain the possible relationships between variables, such as the relationship between the mindsets and academic achievement
(Creswell, 2012), without interfering with the actual phenomena (Field, 2011). In this context, I was interested in investigating what kinds of mindset regarding intelligence and
giftedness can be found in Finnish 7th graders and their interrelations across gender, academic achievement, educational aspirations as well as sociodigital competence beliefs
together with students’ experiences of digital practices in school. Therefore, the following
research questions were asked:
1. What kinds of intelligence and giftedness mindsets can be found in Finnish 7th
graders?
2. What kinds of differences in the mindsets on intelligence and giftedness can be
found in relation to students’ academic achievement and educational aspirations?
3. How are mindsets on intelligence and giftedness related to students’ sociodigital
competences and the digital practices of schools?
The pilot-intervention research design in Study B involved a mindset intervention, where
the aim was to change students’ mindsets through a six-hour intervention. Study B is a
pilot study in nature because one aim was to assess how mindset intervention materials
function in a Finnish educational context as, to my knowledge, no previous mindset interventions have been conducted in Finland. Therefore, the sample size was small, and
results are not generalized to a wider public. As a result, the further aim was to get research evidence for elaborating and refining implementation of the intervention on the
basis of the preliminary results. Moreover, we decided to broaden the scope of mindset
research by also taking mindsets on creativity into account as well as intelligence and
giftedness. Finally, the purpose was to evaluate and analyze the pilot intervention aiming
to increase the growth mindset of students. Therefore, the following question was asked:
4. How did students’ mindsets of intelligence, giftedness and creativity change from
the pre- to post-test?
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Methods
This chapter provides a detailed description of important methodological choices of this
investigation. I will start by introducing the research setting and participants, followed by
the research measures utilized, and end in the review of methods used for data analysis.
The detailed description of these issues contributes to the reliability and validity as well
as the ethical considerations of my study.

2.1 Research setting and participants
The present studies were conducted in collaboration with the Growing Mind6 -research
project from University of Helsinki and was carried out in schools taking part in the Digitalization Program of the City of Helsinki7. The measures used in this investigation were
part of a more substantial Growing Mind -questionnaire that served the multiple purposes
of the project as a whole. In this thesis only parts relevant for the purposes of this study
are reported and others are published elsewhere.
For study A a self-report questionnaire was administered to 7th graders (N = 1219, 51.3%
Female) from 30 schools in Helsinki during the fall of 2019. The questionnaire could be
answered in Finnish, Swedish and English and took around 45 minutes to answer. The
total response rate was 35.6% and it varied between 10% to 75% from the school’s total
populations. Before data analysis I discovered that there were 160 students who had not
answered the mindset items; these students were deleted from the original dataset. This
is explained in detail in Section 2.3.1 regarding the missing value analysis. Additionally,
the description of the original data can be found in Appendix C. The analyzed data does
not significantly differ from the original data regarding the background variables. Only
the number of girls increased from 51.3% to 53.3%.
Hence, the investigation examined the remaining 1059 students. In this sample 53.3% (n
= 564) identified themselves as female and 44% (n = 466) identified as male, while 2.5%
(n = 27) students reported other as their gender. The mean age was 12.8. Students were
asked to report what languages they spoke at home with their family and they could
6
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choose as many as they liked. The data included a range of students who spoke different
languages, which are displayed in Table 1. Note that students could choose as many languages as they liked and many students who spoke something else than Finnish at home
also spoke Finnish at home. This is why the percentages do not add up to 100. The option
“Other” included a wide range of languages such as English, Spanish, Hindi, Thai, or
French. In total, 196 (5.4%) students answered speaking another language than Finnish
or Swedish, which appears to be a large underrepresentation of immigrant students, since
about 15% of people living in Helsinki have an immigrant background8.
Table 1. Frequencies and percentages of languages spoken at home
Language spoken at home

n (%)

Finnish

999 (94.3)

Swedish

46 (4.3)

Russian

32 (3.0)

Estonian

15 (1.4)

Somali

6 (0.6)

Arab

10 (0.8)

Other

133 (12.6)

Note. Because the students could report more than one language spoken at home the percentages
go beyond 100%

Study B, the pilot intervention, was carried out in two schools in the winter of 2020.
Participating schools were similar in socioeconomic characteristics. Schools volunteered
to participate in the pilot study based on the interests of the school principals. The principals agreed to point out the classes to participate in the intervention. At first, a meeting
was organized with the seventh graders’ classroom teachers and presented the intervention and a lesson plan for all six 45-minute lessons. The homeroom teachers agreed to
gather consent forms from parents and curriculum to be replaced by the intervention. The
intervention was conducted by a Growing Mind researcher and I observed one classroom
that participated in the intervention in order to get an understanding of what happened
during these sessions. Four classes participated altogether: one from school A and three
from school B. The principals of the schools decided that all students in these classes
8
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participated in the intervention as part of normal schoolwork, but consent on the participation on the study were asked from both students and parents. In total we received consent forms from 13 girls and 8 boys.
The conducted intervention was based on the mindset theory and it involved modifying
mindset intervention assignments from the free Brainology package (Mindset Works,
2018), Khan Academy9, and Mindsetkit10 - websites into a Finnish setting. The intervention protocol was similar to Aronson et al. (2002), Good et al. (2003), Blackwell et al.
(2007), and Paunesku et al. (2015). Nevertheless, the intervention was also expanded to
include creativity mindset in addition to intelligence and giftedness. This was done because a growth mindset on creativity is especially vital for learning and innovation. Creativity is seen as a foundational 21st century skill, critical in the innovation-driven
knowledge society. Moreover, no other mindset intervention has included a creativity
mindset scale in a mindset intervention as most have measured changes in mindsets regarding intelligence. Yet, there is reason to assume that a growth mindset on creativity
could be fostered in the same way as intelligence and giftedness. The themes of the mindset intervention classes are described in Table 2 below.
The first part of the intervention focused on brain plasticity, mindsets and persistence.
During the first lesson a translated version of the same article, “You Can Grow Your
Intelligence” used in Blackwell and colleagues (2008) intervention was utilized. In order
to enhance understanding of the article, a reading comprehension assignment was used
(Mindset Works, 2018). For example, we asked what a neuron is and what does it do.
During the following lesson we introduced the concept of the mindset through a short
lecture modified from notes from Khan Academy8, developed by the research community
PERTS, and utilized their task on a story about Sam and Mia, who had different mindsets
and were preparing for an exam. Students were asked to reflect their thoughts on the story
and how they think Sam or Mia would do. Finally, during the third lesson students heard
stories about hardships experienced by know celebrities (including Eminem and J. K.
Rowling) from different fields. These so-called role-models provide examples of success
in an in a variety of areas and have a potential to affect observers’ attitudes toward a given

9
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domain (Lin-Siegler et al., 2016). Students were also asked to reflect how they have themselves developed themselves after a personal struggle.
Table 2. Description of the mindset intervention
Class theme
1. Starting the program –
Brain activity and brain
plasticity

2. The two natures of
mindsets

3. Stories about persistence

Details of the class
•
•
•
•

Pre-test
Group activities to form trust
Article on “You Can Grow Your Intelligence”
Reflective writing task about the article

•
•

Short lecture on the nature of mindsets
Reading task and reflective writing task about Sam and
Mia

•

Hearing stories about celebrities and challenges they
have had
Writing task on where students have developed when
facing challenges

•
•

4. Social belonging

5. Finding a purpose

6. Closing the program

•

Reading task: what kinds of experiences other middle
schoolers have had on social belonging?
Saying-is-believing task: leave a message to a future 7th
grader

•
•

Video on Greta Thunberg - an example
Reflective tasks on personal values and attitudes and
class discussion

•
•
•
•

Reflecting what has been done during the sessions
Picture of two mindsets
Writing a personal affirmation related to mindset
Post-test

The fourth and fifth lesson did not directly display the traditional growth mindset lesson,
but rather reflected on two relevant aspects of growth mindset intervention. Social belonging and finding purpose are related to students feeling of acceptance and finding a
reason to be persistent in school (Yeager, 2017). During the fourth lesson students read
about other 7th graders feelings and struggles to belong in middle school. Next, the sayingis-believing technique (Walton & Cohen, 2011) was used as students were asked to write
supportive messages for a future 7th grader. The fifth lesson focused on purpose (Damon,
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2009) and adapted tasks from the online-course toolkit “The Purpose Challenge11,12. Students first watched a video of Greta Thunberg as an example of a person who has found
a purpose and is working towards it. Next, they were asked to, for instance, write reflective about what a perfect life would look like to them when they reach the age of 30
(Damon, 2009) and circle their values from a list and reflect on them. Finally, the last
lesson focused on summing up what had been discussed by going through a picture of the
two mindsets and reflecting how they have an effect on our behavior (Hildrew, 2018).
Moreover, students created a board with growth mindset affirmations as instructed in
Brainology (Mindset Works, 2018). The mindset intervention can be considered fitting
well with the teaching of “Thinking and learning to learn skills” (FNAE, 2016) as the
most profound purpose of it is to encourage students to overcome setbacks, be persistent
and have a positive attitude towards learning.

2.2 Measures
The self-report questionnaire in Study A consisted of 24 separate scales, totaling 147
items. From these, only the relevant measures (4) were chosen for in-depth analysis
guided by my research questions. Measures in Study B are partly the same as in Study A
and will be explained in the present section.
2.2.1 The mindset scale
In order to answer the first research question “What kinds of intelligence and giftedness
mindsets can be found in Finnish 7th graders?”, Dweck’s (2000) mindset scale was utilized. The items were answered via six-point Likert scale (1 = completely disagree, 6 =
completely agree) and all items were worded as fixed mindset statements. Hence, agreeing with the statement indicated a fixed mindset. Table 3 presents the mindset items of
intelligence in English and Finnish language. The Finnish language versions have been
used in past Finnish mindset studies (e.g., Kuusisto et al., 2017).

11

The Purpose Challenge by Greater Good Science Teacher, see https://ggsc.berkeley.edu/what_we_do/major_initiatives/purpose_challenge
12
The Purpose Challenge, see https://www.purposechallenge.org/?_ga=2.60510829.1771209997.1615563739-1579143093.1615563739
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Table 3. The intelligence mindset items in English and Finnish
Choose the option that best describes how
you feel about the statements.

Valitse ja merkitse vaihtoehto, joka
parhaiten kuvastaa suhtautumistasi
esitettyihin väittämiin.

People have a certain amount of intelligence,
and not much can really be done change it

Ihmisellä on tietty määrä älykkyyttä eikä sen
muuttamiseksi voi tehdä juuri mitään

Intelligence is something about people that
can’t be changed very much

Älykkyys on jotain sellaista ihmisessä, jota ei
voi muuttaa kovin paljoa

To be honest, you can’t really change how intelligent you are

Rehellisesti sanoen, et voi muuttaa sitä kuinka
älykäs olet

People can learn new things, but not really
change their basic intelligence

Ihminen voi oppia uusia asioita, mutta hän ei
voi muuttaa älykkyyttään

Items on giftedness were the exact copy of the intelligence items above, where intelligence was replaced by giftedness (See Appendix A for full questionnaire). For instance,
we stated that “People have a certain amount of giftedness, and not much can really be
done to change it”. During data analysis the items were reverse coded to measure growth
mindset instead of fixed mindset for more intuitive interpretation.
2.2.2 Academic achievement and educational aspirations
The second research question: “What kinds of differences in the mindsets on intelligence
and giftedness can be found in relation to academic achievement and educational aspirations?” involved some different sources of data. In order to investigate the relationship
between the mindsets and academic achievement, I received some students’ grades from
the Education Division of Helsinki. I chose to focus on grades in math and mother tongue
(Finnish or Swedish) since they are considered to be core academic subjects often used
in mindset research (e.g., Blackwell et al., 2007). The grading system in Finland ranges
from 4-10, where 10 is the highest grade and 4 represents a failed class. Grades are formed
from a combination of classroom participation, homework, teachers’ evaluation of students’ efforts, and tests (Finnish National Agency of Education, 2016). Unfortunately, it
was not possible to receive grades from all students, so the sample size was 398 for math
and 339 for mother tongue.
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In regard to educational aspirations, we asked students: “What is the highest grade or
school level you think you will complete?” (see Salmela-Aro & Upadyaya, 2017; Tynkkynen et al., 2012; Widlund, et al., 2018). Students were able to choose as many alternatives as they liked. Options included basic education, high school, vocational school,
university of applied sciences, university and I do not know. If a student had chosen multiple options, I re-coded the highest school level they had chosen. Vocational school and
high school were combined because they both represent Secondary Education in Finland.
Moreover, in instances where students answered I do not know together with a school
level provided; I re-coded their answer as the educational level they had chosen. Students
who only answered I do not know were left out of the analysis (n = 186), because there
may be multiple reasons for not knowing. Hence, this variable was recoded as 1 - basic
education, 2 - high school and vocational school, 3 - university of applied sciences 4 university education.
2.2.3 Students’ sociodigital competences and sociodigital school practices
Furthermore, in order to examine “How are mindsets on intelligence and giftedness related to a students’ sociodigital competences and the digital practices of schools?” students’ beliefs about their sociodigital competences were assessed and their views of their
schools’ digital practices were measured in the self-report questionnaire. Specifically, we
assessed students’ competences by asking “How well can you do the following things
related to digital technology?” Students were asked to rate statements on a Likert scale
ranging from 1 (Not at all) to 5 (Very well). For instance, we asked students about their
technical (e.g., I can build automated devices, such as robots or smart products (e.g.,
Lego EV3, Micro:bit, Arduino)), academic (e.g., I can make multimedia presentations,
which include at least image and text (e.g., PowerPoint, Google Slides, Prezi)) and artistic
(e.g., I can edit images online or with image processing programs (e.g., Gimp, Pinta,
Fotor)) sociodigital competence beliefs (See Appendix A for full questionnaire).
In respect to the digital practices of schools, we asked students about the frequency of
using digital technology in schoolwork: “How often are the following things involved in
your schoolwork?”. Students were asked to rate statements related to advanced digital
practices in schoolwork such as “I make 3D drawings or 3D models (e.g., Modelshop,
Sketchup, AutoDesk) related to schoolwork” or “I use virtual or augmented reality

41
(VR/AR) related to schoolwork” and also about the use of more basic digital practices
such as “In class, we practice basic use of digital technology (e.g., sharing a document,
word processing, use of email and internet)” or “I make multimedia presentations related
to schoolwork”. Students rated the statements on an intensity of activity scale ranging
from 1 (never) to 7 (daily) (See full questionnaire in Appendix A).
2.2.4 Pilot intervention
In Study B, a six-session mindset intervention based on Brainology was piloted and expanded to include creativity in addition to intelligence and giftedness. In order to answer
the final research question: “How did students’ mindsets of intelligence, giftedness and
creativity change from the pre- to post-test?” the students answered a pre-test before the
intervention took place and a post-test directly following the intervention. Intelligence
and giftedness measures were the same as in Study A (explained in Section 2.2.1). The
creativity mindset items were modified from Dweck’s mindset scale (2000) so that intelligence was replaced by creativity. Hence, we stated that “People have a certain amount
of creativity, and not much can really be done to change it”. Both pre- and post-tests
included the same items, and the questions were answered with a six-point Likert scale
in Qualtrics13 (See Appendix B for full questionnaire). The questionnaire took around 10
minutes to answer.

2.3

Method of data analysis

My study involved using multiple methods of data analysis which are explained as follows. This investigation is quantitative in nature, which provides a systematic way to
analyze large quantities of data and the goal is to explain the phenomenon investigated
(Hirsjärvi et al., 1997; Tuomi & Sarajärvi, 2012). The questionnaires for Study A and B
were analyzed using the IBM Statistical Package for Social Sciences (SPSS), version 25.
In the following section I will first present the missing value analysis conducted for Study
A, after which I will move on to illustrate how the sums of variables were created using
Principal Components Analysis (PCA). After this I will explain the actual methods of
data analysis which includes the analysis of descriptive statistics, the procedure used in
TwoStep cluster analysis and finally how I conducted mean comparisons using t-test, ChiSquare test, ANOVAs for Study A and the paired samples t-test for Study B.
13

Qualtrics: https://www.qualtrics.com/
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2.3.1 Missing value analysis
Missing value analysis was conducted for Study A, because it involved a large sample
size. Missing data is often inevitable because online data collection may be error prone,
participants may accidentally skip questions, be unsure how to respond to certain items,
and become tired at the end of a long questionnaire. Of course, the kind of sample that is
gathered is already determined by who are actually willing to participate in the study in
the first place. In educational studies it is common that students who are absent from
school, who have behavioral problems or that student with attentional challenges do not
respond diligently. What is more, commonly families from low economic status or families with an immigrant background may refuse to participate. From the perspective of
generalization, it is critical to understanding what kind of sample has been collected as
well as the potential biases involved.
After the data was transferred to SPSS, I started by analyzing the missingness. Note that
Study A involved only analyzing those parts of the larger questionnaire that were relevant
for the purposes of my investigation. I conducted the missing value analysis in SPSS for
all variables used in this study. Missingness for background variables (gender, age, school
code) was low (under 0.5%). After this I presumed to analyze missingness for other variables. I noticed that the percentage of missing cases consistently increased when going
further with the questionnaire. In other words, there were more missing cases at the end
of the questionnaire than at the beginning. For instance, I found that the mindset variables,
which were at the end of the questionnaire, had high levels of missingness (12.4 - 14.6%)
while items on sociodigital competencies, which were at the beginning of the questionnaire, had only very few (0.3 - 1.3%). In general, under 5% level of missingness is considered adequate (IBM Corporation, 2020a).
I was especially interested on the missingness regarding the mindset variables, because
they are at the heart of this investigation. Hence, I analyzed the missingness patterns for
these variables and found that there were several cases (n=160) that had left items for
both mindset items unanswered; these cases contributed highly to the missingness of the
data. Further, I tested how the data is missing. There are three types of missingness 1)
Missing completely at random (MCAR), 2) Missing at random (MAR), and 3) Missing
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not at random (MNAR) (Kang, 2013). Kang (2013) explains that if data is missing completely at random, they are not related to the specific value or the set of observed responses. For instance, cases may be missing due to a technical error. Moreover, Kang
(2013) states that if cases are missing at random there is some kind of pattern of missingness. It may be due to, for example, that age (which has been measured in the data) is
related to the pattern of missingness of an item. Finally, if data is not missing at random,
there is an unobserved variable that may affect the pattern of missingness (Kang, 2013).
This is, however, something that you cannot measure or know for sure, but have to take
into consideration. Hence, I conducted Little’s MCAR test using the EM-algorithm to see
if the missingness of data was completely random. The test indicated that values were not
missing completely at random (p < .05). Yet, this test does not specify whether the missingness is MAR or MNAR and there is no test to distinct these from each other because
we cannot know for certain whether there is an unmeasured reason for the missingness of
data.
Because there were numerous cases (n = 160) that had left items for both mindsets unanswered, I decided to delete these cases from the data. These cases would not contribute
to analysis conducted with the mindset measures, which are in the center of this investigation. Before I did this, I transferred this data on to another SPSS file to analyze the
cases in more detail. According to Kang (2013), the first thing that should be done if data
is not missing completely at random is to contact participants who had missing data in
order to understand what kind of group was left out of the main analysis. However, this
is not a common procedure in educational settings because it would be considered intruding. Instead, it is possible to analyze the group on its own in order to then understand the
limitations of the study. From the group that had left the mindset items unanswered 38.1%
(n = 61) were girls, 56.3% (n = 90) were boys and 5.6% (n = 9) reported other as their
gender. The mean age was 12.85, which was practically the same as the original dataset
(M = 12.81). Language distribution was virtually the same as in the original dataset (Table
4), but the proportional number of students was a little bit higher in this group. Overall,
those who did not answer mindset items were more likely to be boys and a bit more likely
to speak a language other than Finnish at home.
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Table 4. Languages spoken at home by students excluded from the main analysis
Language spoken at home

n (%)

Finnish

150 (93.8)

Swedish

11 (6.9)

Russian

5 (3.1)

Estonian

2 (1.3)

Somali

2 (1.3)

Arab

3 (1.9)

Other

23 (14.4)

There are many reasons for missing values. It is likely that the questionnaire might have
been too long and intense for some students, who then got tired answering. When analyzing the pattern of missingness, it was clear that there were more values missing at the end
of the questionnaire than at the beginning. Some students may have found it difficult to
concentrate and answer with precision in this type of extensive questionnaire. This creates
bias in the data because relevant subgroups are then not reached. For example, we cannot
know if these students share a feature we are not aware of, such as a form of attention
deficit disorder, which is why they stopped responding to the questionnaire.
After the group of students were deleted the missing value analysis was conducted again.
This time the missing values of the mindset items ranged between 0.1-3.5%, which was
adequate (IBM Corporation, 2020a). However, the Littles MCAR test was still statistically significant (p < .05) indicating that the missingness of data was not completely random. One reason for this could be that the missingness of data still increases with the
number of the variable. Thus, data imputation is not applied because only when missing
values are MCAR, data imputation is possible to conduct without affecting the results of
the investigation. Hence, because there were only a few missing values left, the missing
values of the present data are ignored. Therefore, complete-case analysis and listwise deletion are utilized. Listwise deletion means that SPSS leaves out the cases that have a
missing value, in other words, only cases that have answered all items are analyzed. Because of this the number of cases may vary from item to item and statistical power may
be reduced. Limitations of these issues are examined in the discussion.
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2.3.2 Creating sums of variables
Items on the mindsets, sociodigital competences, schools’ digital practices were examined using eight to 15 separate items. I used the principal component analysis (PCA) to
reveal what kinds of respective components these four sets of measures form in this dataset. The main purpose of principal component analysis is to summarize or reduce the
variable-group into categories where items are connected to each other (Nummenmaa,
2009; Metsämuuronen, 2005). According to Beavers et al. (2013) the purpose is to “accurately report and evaluate large number of variables using fewer components, while
still preserving the dimensions of the data” (p. 5). Meanwhile the purpose of exploratory
factor analysis (EFA) is to model a presumed latent variable which the items exhibit.
Hence, when the aim is to formulate sums of variables, PCA is recommended. Yet, in
practice PCA and EFA yield very similar results (Field, 2013). Fabrigar and associates
(1999) recommended examining multiple solutions and evaluating them by theory and
interpretation as well as using common guidelines.
Many requirements for explorative factor analysis and principal components analysis are
the same. Sufficient sample size is commonly debated and there are varying guidelines:
Nummenmaa (2009) recommends over 500 participants whereas Fabrigar et al. (1999)
stated that if communalities are high (>.70), a sample size as low as 100 may be sufficient.
Nevertheless, the present sample size (N = 1059) appears adequate. Normal distribution
is usually required in most EFA but is not critical for PCA although it provides more
accuracy (Metsämuuronen, 2005). Fabrigar et al. (1999) argues that normality is not severely violated when skewness is <.2 and kurtosis is <.7. Furthermore, selecting the right
rotation method is important. It is highly recommended that researchers especially in the
field of psychology and social sciences use oblique rotation versus orthogonal methods
because of studying phenomena that are likely to involve correlating factors (Beavers et
al., 2013; Costello & Osborne, 2005; Fabrigar et al., 1999). Fabrigar et al. (1999) argue
that oblique rotation methods provide more accurate information about the model compared to orthogonal methods. Additionally, Costello and Osborne (2005) found that there
were practically no differences between the default settings direct oblimin or promax, and
in their research they could not find any explanation on what circumstances one should
be preferred over the other.
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After the EFA or PCA is conducted, researchers decide how many factors or components
they choose. Kaiser criterion of eigenvalues over one is a commonly used criterion, yet,
according to Costello and Osborne (2005), it is generally agreed to be one of the least
accurate methods. Therefore, Costello and Osborne (2005) argue that Cattell’s scree test
should be examined when considering the number of factors. The graph plots the eigenvalues, and the researcher examines the natural bend (i.e., where the curve starts to flatten)
when choosing the number of factors or components (Costello & Osborne, 2005). In addition, the factor structure should be analyzed whether loadings are interpretable. Loadings should be above .30, there should be no or a few crossloadings (Costello & Osborne,
2005). Moreover, the amount of variance extracted is also examined to see whether the
subsequent component explains enough variance. The aim is to have enough factors or
components to represent the data structure, but not include ones that are not statistically
or theoretically relevant (Beavers et al., 2013; Fabrigar et al., 1999). Finally, the most
important aspect to consider when conducted a factor analysis or a principal component
analysis is that the outcome is interpretable (Fabrigar et al., 1999).
Principal component analysis for the mindset items
The mindsets were measured by Dweck’s (2000) mindset scale, which measured the fixed
mindset with four items on intelligence and four items on giftedness as explained in Section 2.21. Items were answered via six-point Likert scale (1 = totally disagree, 6 = totally
agree). I first screened the correlation matrix of the mindset items (Appendix D) in order
to evaluate whether the items are suitable for principal components analysis. All items
were positively correlated with each other and all correlations were statistically significant (p < .001). Correlations were high raging from .449 - .805. Additionally, according
to Barlett’s Test of Spherity (p < .001) the correlations were not too small. Furthermore,
the Kaiser-Meyer-Olkin test was 0.902, which was excellent (Beaver et al., 2013). In addition to these, the determinant was considered sufficient (>0.00001). Based on the correlations the items suited well for the principal component analysis.
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Figure 1. Cattell’s scree test on the number of components in mindset

Hence, in order to examine students’ mindsets principal component analyses (PCA) were
conducted using direct oblimin rotation. I preferred direct oblimin because it allows the
items to correlate with each other, which is common especially in behavioral sciences
(Costello & Osborne, 2005). The accepted minimum loading per component for each item
was >.30 and maximum crossloadings <.30 were accepted. I started by examining Cattell’s scree plot and Kaiser’s eigenvalues for the principal components (Figure 2). The
analysis indicated a two-component solution with an eigenvalue of 1.151, which I saw
suitable and interpretable. Communalities were also high; they ranged between .708 .849. Hence, the eight items formed two components according to Table 5 below. Each
item loaded strongly on either factor i.e., there were no crossloadings. The two-component solution explained 79.43% of variance, which is adequate (Fabrigar et al., 1999).
Thus, based on the results two sums of variables were formed with high internal reliabilities (α intelligence= .89, α giftedness= .93) (Table 8). Moreover, the giftedness and intelligence
sums of variables correlated highly with each other r = .624.
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Table 5. Loadings of the mindset variables on principal components
PC1
To be honest, you can’t really change how gifted you
are
People can learn new things, but not really change
their basic giftedness
Giftedness is something about people that can’t be
changed very much
People have a certain amount of giftedness, and not
much can really be done to change it

.956
.935
.881
.825

Intelligence is something about people that can’t be

.926

changed very much
To be honest, you can’t really change how intelligent

.888

you are
People have a certain amount of intelligence, and not

.872

much can really be done to change it
People can learn new things, but not really change

.764

their basic intelligence
Variance explained

PC2

65.04%

14.40%

Loadings under 0.3 are suppressed

Principal component analysis for the sociodigital competences
In order to investigate how the mindset are related to students’ sociodigital competences,
I conducted a principal component analysis on the sociodigital competences. Students’
sociodigital competences were measured with an instrument relying on items explained
in Section 2.2.3 (Hakkarainen et al., 2000; Hietajärvi et al., 2016; Li et al., 2017). The
instrument relies on conceptualization of sociodigital competences as three dimensional:
academic (e.g., “I can use word processing programs”), technical (e.g., “I can make
digital 3D drawings or models”) and artistic (e.g., “I can draw or paint with painting and
graphic programs”) competences. The instrument consisted of 15 items which students
evaluated on a scale from 1 (=not at all) to 5 (=very well) (See Appendix A for full questionnaire).
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Again, I started by examining whether items were suitable for the principal component
analysis. Pearson correlations as well as descriptive statistics were examined (Appendix
D). Correlations were high raging from .204 - .593. All variables had at least one item
with which they correlated at .30. According to Barlett’s Test of Spherity (p < .001) the
correlations were not too small. Furthermore, the Kaiser-Meyer-Olkin test was 0.936,
which was excellent (Beavers et al. 2013). In addition to these, the determinant was considered sufficient (>0.00001). Thus, based on the correlations the items suited well for
the principal component analysis. Principal component analysis (PCA) was conducted
using direct oblimin rotation. The accepted minimum loading per component for each
item was >.30 and maximum crossloadings <.30 were accepted.

Figure 2. Cattell’s scree test on the number of components in sociodigital competences

With eigenvalues over one the test suggested a two-component solution. The two components could be interpreted so that component one represents advanced sociodigital
competences such as “I can code by using some block- or text-based programming languages (e.g., Scratch, Tynker, Html, Javascript, Python, EV3)” whereas component two
represents basic sociodigital competences such as “I can solve basic IT problems, like
reinstall a program, check internet connection”. Component one would consist of 10
items whereas component two would consist of only five. This appeared counter-intuitive
and unbalanced. Therefore, by relying on previous unpublished findings (Forsström,
2019; Kääriäinen, 2020), I tested the data also with three component solution, which I
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found to be the most interpretable. However, the eigenvalue for the third component was
.99, which is lower than Kaiser’s recommendation of over one. Nevertheless, Fabrigar et
al. (1999) maintain that the rule is superficial and there is no meaningful way to claim
that a component with an eigenvalue of .99 would not be major component and a component with an eigenvalue of 1.01 would be. Thus, I relied on the scree plot (Figure 3) as
well as earlier research and decided to apply the three-component solution.
Hence, the 15 items formed three components according to Table 6 below. Communalities were moderate; they ranged between .379 - .620. Moderate communalities are not a
severe issue with an adequate sample size. Two items had a crossloading: the statement
“I can use spreadsheet programs, such as Excel” loaded on both technical (.472) and
academic (.374) competences. Because the loading was higher for technical competence,
I decided to place it in that principal component. Moreover, the use of Excel, although
very academic, is not very common still in 7th grade, which is why it could be considered
as more advanced technical know-how compared to the other items in the academic competences, such as the use of Powerpoint. Moreover, the statement: “I can create or maintain a blog or a website (e.g., WordPress, Blogger, WiX, Weebly)” loaded on both technical (.372) and artistic (.458) competence. Because the loading was higher for artistic
competences, I decided to place it in that principal component. I interpreted this statement
as using creative writing and visual creativity rather than being able to build or code a
website, because the examples in the statement referred to common easy-to-use platforms. Hence, the final three component solution explained 59.8% of the variance. Based
on the results three sums of variables were formed with high internal reliabilities (α technical=

.83, α academic= .80, α artistic= .82) (Table 8). The variables correlated with each other r

= .386 - 516.
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Table 6. Loadings of the sociodigital competences in principal components
PC1
I can build automated devices, such as robots or
smart products (e.g., Lego EV3, Micro:bit, Arduino)

PC2

PC3

.855

I can code by using some block- or text-based programming languages (e.g., Scratch, Tynker, Html, Ja-

.803

vascript, Python, EV3)
I can make digital 3D drawings or models (e.g.,

.643

Blender, FreeCAD, TinkerCAD)
I can make music using digital technologies (e.g.,

.549

GarageBand, Audacity, Ardour)
I can use spreadsheet programs, such as Excel

.472

I can use word processing programs, such as Word

.374
.825

I can use cloud storage services (e.g., OneDrive, Of-

.744

fice365, Google Drive, iCloud)
I can make multimedia presentations, which include
at least image and text (e.g., PowerPoint, Google

.722

Slides, Prezi)
I can solve basic IT problems, like reinstall a pro-

.664

gram, check internet connection
I can recognize risks related to my own safety online,

.604

and avoid them
I can edit videos (e.g., iMovie, VSDC, PowToon)

.811

I can draw or paint with painting and graphic pro-

.763

grams (e.g., Paint, Krita, Inkscape)
I can edit images online or with image processing

.736

programs (e.g., Gimp, Pinta, Fotor)
I can make animations (e.g., StopMotion, Scratch Jr,

.674

Blender, Pencil2D, Animaker)
I can create and maintain a blog or a website (e.g.,

.372

WordPress, Blogger, WiX, Weebly)
Variance explained
Loadings under 0.3 are suppressed

43.22%

.458
9.91%

6.66%
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Principal component analysis for schools’ digital practices
I was interested in finding out how are schools’ digital practices are related to the mindsets of students. When first analyzing the descriptive statistics of the digital practices in
school, it became clear that some items were highly skewed and kurtotic. This seemed
due to the fact that the measure involved practices that are not commonly used in school
such as the use of virtual reality or building robots. I decided to still use PCA as normality
of data is not a requirement, although normality provides more accuracy. School’s digital
practices were assessed with 13 items related to various digital practices used in school
as explained in Section 2.2.3 and can be also found in Appendix A. Students rated the
statements with an intensity of activity scale that ranged from 1 (never) to 7 (daily).
I started by examining whether items were suitable for the PCA. I screened the correlation
matrix of the items and descriptive statistics (Appendix D). All items were positively
correlated with each other and all correlations were statistically significant. Correlations
ranged from .156 - 612. However, I found that one item “I play learning games or other
digital games related to schoolwork”, did not have any correlation over .30. This means
that this item does not strongly relate to other items and would be useless and could potentially hinderance the analysis (Metsämuuronen, 2005). Before deleting the item, I decided to run the analysis found that it did not load on any component. Based on this, I
decided to leave this item out and conduct the PCA again. This time correlations ranged
between .179 - .607 and all items had at least one correlation over .30. According to Barlett’s Test of Spherity (p < .001) the correlations were not too small. Moreover, the Kaiser-Meyer-Olkin test was 0.911, which was excellent (Beavers et al., 2013). In addition
to these, the determinant was considered sufficient (>0.00001). Hence, based on the correlations the these suited well for the PCA.
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Figure 3. Cattell’s scree test on the number of components in school’s digital practices

Principal component analysis (PCA) was conducted using direct oblimin rotation. The
accepted minimum loading per component for each item was >.30 and maximum crossloadings <.30 were accepted. Once the analysis was conducted, I started by examining
Cattell’s scree plot and Kaiser’s eigenvalues for the principal components (Figure 4). The
analysis indicated a two-component solution with an eigenvalue of 1.463, which I saw
suitable. Communalities were moderate; they ranged between .315 - .646. Hence, the 12
items formed two components according to Table 7 below. There were no crossloadings.
It appeared that component one exhibited advanced digital practices, whereas component
two represented more basic, day-to-day, digital practices. The two-component solution
explained 52.35% of variance. Based on the results two sums of variables were formed
with high internal reliabilities (α advanced= .84, α basic= .73) (Table 8). Moreover, the components correlated with each other r = .473.

54
Table 7. Loadings for items on schools’ digital practices in principal components
PC1
In class, we build devices utilizing automation, such as robots
or smart devices

PC2

.815

I code with some graphic or text-based programming language
(e.g., Scratch, Tynker, Html, Javascript, Python) related to

.806

schoolwork
I make 3D drawings or 3D models (e.g., Modelshop,
Sketchup, AutoDesk) related to schoolwork
I use virtual or augmented reality (VR/AR) related to schoolwork
I design or make digital games related to schoolwork
I maintain a blog or similar information platform related to the
topic we are studying
Teachers use animations or simulations in their teaching (simulation means devices or environments that mimic reality)

.796
.795
.770
.545
.397

In class, we practice basic use of digital technology (e.g., shar-

.795

ing a document, word processing, use of email and internet)
Teachers encourage me to share with others my know-how on

.727

devices, programs, and applications
I make multimedia presentations related to schoolwork

.695

During class I am guided to recognize risks related to my own

.610

safety online, and to avoid them
I make digital portfolios related to schoolwork (a portfolio is a
digital folder, into which you collect samples of your own

.588

learning and skills)
Variance explained

40.16%

12.19%

Loadings under 0.3 are suppressed

Most parametric tests require data to be normally distributed. Normality can be evaluated
visually, using the Shapiro-Wilk test and Kolmogorov-Smirnoff tests as well as by evaluating the skewness and kurtosis (Kim, 2013; Nummenmaa, 2009). The KolmogorovSmirnoff test is more accurate on large samples than the Shapiro-Wilk test (Nummenmaa,
2009). However, Kim (2013) and Nummenmaa (2009) both argue that these tests are
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unreliable in very large samples and sensitive to evaluate the data as non-normally distributed, even though the deviation is small. Nummenmaa (2009) concludes that using
multiple methods to evaluate the normality is considered being the most reliable method.
Table 8. Descriptive statistics for the sums of variables
Items

n

α

Skewness

Kurtosis

Intelligence mindset

4

1048

0.89

-0.69

0.11

Giftedness mindset

4

1025

0.93

-0.62

-0.31

5

1058

0.83

0.40

-0.67

5

1058

0.80

-1.26

2.55

5

1037

0.82

-0.00

-0.80

Advanced digital practices

7

1019

0.84

2.48

7.94

Basic digital practices

5

1035

0.73

0.37

-0.26

Technical sociodigital competence
Academic sociodigital
competence
Artistic sociodigital
competence

In the present investigation, the normality was evaluated visually as well as by evaluating
skewness and kurtosis. Table 6 presents the skewness and kurtosis for sums of variables
used in Study A. Researchers have varying views on the boundaries related to normal
distribution. According to Heikkilä (1998) if variables are < 2 in skewness or kurtosis,
the variable is normally distributed. However, Fabrigar et al. (1999) and Kim (2013) state
that assumptions of normality are not severely violated when skewness is < 2 and kurtosis
< 7. In this sample, the academic sociodigital competence is slightly over the recommendation for skewness and the schools advanced digital practices are non-normal. Hence,
all sums of variables, except advanced digital practices are considered to be normally
distributed, which means that more reliable parametric tests can be used. However, the
analysis of variance is a fairly robust method and I decided to use only parametric test
although caution in the analysis is required (Field, 2013). Finally, Cronbach alpha was
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used to evaluate the internal reliability of the items and all measures were considered to
be internally reliable (α > .70) (Nummenmaa, 2009).
2.3.3 Descriptive statistics and TwoStep cluster analysis
The first research question: “What kinds of intelligence and giftedness mindsets can be
found in Finnish 7th graders?” was answered first by looking at descriptive statistics for
preliminary information, and then by conducting a TwoStep cluster analysis. I used the
mean, median and mode to see an overview of the students’ mindsets. After this, I used a
TwoStep cluster analysis.
Cluster analysis searches for similar or natural groups from the data, which are mutually
exclusive (Vehkalahti & Everitt, 2019). The benefits of using a cluster analysis is that it
is person-oriented and data-driven; significant information may be missed when only
comparing variables as well as when approaching the data strictly through theory. Cluster
analysis allows researchers to be faithful to the data at hand and not let theory dictate the
analysis unreasonably. I considered the three types of cluster analysis available in SPSS:
the hierarchical, k-means and TwoStep cluster analysis. In the hierarchical cluster analysis, the clusters are analyzed using the dendogram, which is a visual presentation of how
the SPSS splits the cases into groups. The researcher then interprets this to find a suitable
number of clusters. In the k-means cluster analysis the researcher has to decide the number of clusters beforehand or experiment with distinctive solutions. (Nummenmaa, 2009).
Hierarchical and k-means cluster analysis are most commonly used. However, for these
analyses there is no mathematical way to interpret the number of clusters, but researcher
often compares it with theory and data.
The TwoStep Cluster analysis is a newer analysis that combines both hierarchical and kmeans cluster analysis. The benefit of using this method is its’ exploratory nature, and the
researcher does not need to know the number of clusters beforehand as the algorithm
determines the optimal number of clusters (IBM Corporation, 2020b). The analysis is
conducted in two steps (hence the name TwoStep cluster analysis). In the first step, data
is pre-clustered in sequential approach: the SPSS algorithm sets the first case as a basepoint on which it determines the clusters of the next cases (IBM Corporation, 2020b).
Therefore, the order of the data effects the outcome. Because of this, the data was first
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arranged in a random order by giving each case a random variable. In the next step the
actual clustering is conducted, and a model based hierarchical technique is applied on the
pre-clusters. The algorithm assumes that the variables placed in the analysis are independent and normally distributed (IBM Corporation, 2020b). In this data, the mindset items
were normally distributed (See Table 8 in Section 2.3.2). However, because only mindset
items were used in the analysis, they are not considered independent from each other.
I wanted to see how the mindsets are naturally clustered in this dataset. The TwoStep
cluster analysis determines the ideal number of clusters automatically, which is based on
Schwarz’s Bayesian Information Criterion (BIC). The BIC is based on a mathematical
model and displays how well the number of clusters fits the data. A lower BIC value
suggests a better fit and the values are analyzed similarly to Cattell’s scree plot: the point
when BIC values significantly drop represent the appropriate number of clusters (See
Appendix E for illustrations). Yet, the BIC scores are open to interpretation in the same
way as Cattell’s scree plot as there is not always a clear cut. Researcher should then also
examine the means and standard deviations to see whether they are logical and distinct
from each other. Overall, the clusters should be easily interpretable. In the case of the
mindsets, it is interesting to see how many clusters are naturally formed: are the mindsets
two-dimensional as often spoken of (fixed vs. growth mindset) or are they more of a
spectrum categorized as strong fixed and weak fixed mindset and strong growth and weak
growth mindset. The TwoStep cluster analysis is person-oriented, and data driven, thus,
provides a unique perspective for studying the mindsets.
2.3.4

Mean comparisons

The final research questions: “What kinds of differences in the mindsets on intelligence
and giftedness can be found in relation to academic achievement and educational aspirations?” and “How are mindsets on intelligence and giftedness related to students’ sociodigital competences and digital practices of schools?” were answered by comparing
means between groups. In these analyses I also examined gender differences. Toward that
end, I utilized the mindset groups identified with the TwoStep cluster analysis and also
related the results to the gender of the participants. The dependent variables used in group
comparisons were academic achievement, educational aspirations, sociodigital competences and schools’ digital practices.
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T-test
An independent samples t-test was conducted to examine gender differences between intelligence and giftedness mindsets. The t-test is suitable for this purpose because it assumes that belonging to one of the independent groups affects the measured feature, in
this case the gender might affect the mindsets on intelligence and giftedness. The independent samples t-test compares the means of the two groups and analyses whether between group differences are significant when standard deviation and the standard error of
the mean are taken into consideration (Nummenmaa, 2009). Requirements for the t-test
is that data should be normally distributed, there are over 20 participants in each group,
variances are equally distributed, and the dependent variables are measured on an interval
scale (Nummenmaa, 2009). The present sample was large and normally distributed and,
therefore, suited well for the analysis. Equality of variances was tested by Levene’s test
for equality of variances, which test the assumption of homogenic variance (Field, 2013).
Depending on whether Levene’s test is statistically significant (variances are heterogenic)
or not (variances are homogenic), the t-test output is read from different rows. Nummenmaa (2009) states that principally if variances are not equal, the t-test should not be
used. Nevertheless, Field (2013) argued that in large samples, such as the present one, ttest is fairly robust to some violations and results can be reported even if variances are
not equal.
After the independent samples t-test has been conducted, the effect size should be calculated because statistical significance does not tell us how important results are (Field,
2013). The effect size is a scale-free measure of the relative effect measured (Turner &
Bernard, 2006). It can be interpreted as the percentage of how much the independent
variable explains the depended variable. There are two types of effect sizes: the “r family”
and the “d family” (Turner & Bernard, 2006). Field (2013) states Cohens d can be interpreted as the following: 0.2 (small), 0.5 (medium) and 0.8 (large). However, these kinds
of mechanical rules might underestimate effect in certain situations, and for example,
according to Hattie (2009) an effect size of 0.2 already reaches a desired level in educational research contexts. The r family refers to Pearson’s correlation coefficient r. In general r is interpreted as the following: .10 is considered a small effect, .30 is regarded as a
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medium effect and .50 is a large effect. However, Field (2013) notes that Cohens d might
be favoured when group sizes are unequal, and I will utilize this.
Chi-square test
I also wanted to examine the gender distribution in the mindset cluster profiles. This was
tested by Pearson’s χ2 -test of independence which examines whether two categorical variables are connected to each other and whether the cell frequencies are randomly distributed or not (Field, 2013; Nummenmaa, 2009). Chi-square test is a non-parametric method
and it does not need a normally distributed data (Nummenmaa, 2009). However, frequencies need to be larger than 1 in all categories and larger than 5 in at least 20% of the cells
or else the results may be inaccurate (Nummenmaa, 2009). Pearson’s χ2 is an approximation and adequate in large samples. However, in small samples Fishers exact test would
be advisable.
Analysis of variance
Analysis of variance (ANOVA) can be considered as an expansion of the t-test, in a situation where there are more than two groups (Nummenmaa, 2009). The purpose is to measure the effect of the categorical variable on the dependent variable. Here too, the betweengroup variance is compared with the within-group variance. Specifically, I used two-way
ANOVA because I wanted to measure how gender, together with the mindset cluster profiles, are related to academic achievement, educational aspirations, sociodigital competences and, finally, schools’ digital practices. In two-way ANOVA, two independent categorical variables are compared to one interval variable (Field, 2013). Many school related phenomena are gendered, which is why it is important to take into consideration.
T-test and ANOVA have similar requirements. Again, data should be normally distributed, there should be preferably equal sample size and variances are assumed to be equal
(Nummenmaa, 2009). Equal sample size makes ANOVA more trustworthy, but ANOVA
is said to be a robust method even when some requirements are violated (Field, 2013).
Furthermore, differences in variance should not be a problem when sample sizes are
equal. However, according to Field (2013) when the variance of a small group is large,
and the variance of the bigger group is small ANOVA tends to produce significant results
when there is, in fact, no differences.
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Further, ANOVA only expresses whether there are between-group differences but the
method itself does not specify what groups differ from each other (Field, 2013; Nummenmaa, 2009). Because of that post-hoc tests (also called pairwise comparisons) are
conducted. SPSS has several options for post hoc tests, which should be used in different
circumstances. Equality of variances is tested by Levene’s test, which tests the assumption of homogenic variance (Field, 2013). Depending on whether Levene’s test is statistically significant (variances are heterogenic) or not (variances are homogenic), different
post-hoc tests should be utilized. When variances were equal, I chose to report pairwise
comparisons conducted with Bonferroni. According to Field (2013) Bonferroni is a conservative method appropriate in situations where variances are equal, but the assumptions
of equal sample size is violated. Bonferroni controls the number of comparisons conducted, but still maintains statistical power when small number of comparisons are made
(Field, 2013).
Yet, when variances were not equal, I chose to report pairwise comparisons conducted
with Games-Howell. Games-Howell is one of the most robust methods for situations
where group sizes are not equal and there are heterogenous variances or normality is not
assumed (Field, 2013). Games-Howell uses a different critical value for each pairwise
comparison, which is determined by the variance and the number of observations (Hilton
& Armstrong, 2006). Furthermore, Nummenmaa (2009) states that the most reliable way
to do pairwise comparisons is to utilize multiple (suitable) comparisons and see if they
differ from each other. This is why I decided to utilize Games-Howell also when equal
variances are assumed but reported only Bonferroni if these tests are the same. When
ANOVA is conducted, the F-ratio and partial eta squared (partial n2) are reported as well
as the significance levels. Partial Eta squared is the effect size and is comparable to Cohens d.
Paired-samples t-test
Finally, the research question for in Study B was: “How did students’ mindsets in intelligence, giftedness, and creativity change from the pre- to post-test?”. For this a pairedsamples t-test was applied. The paired samples t-test allows the researcher to compare
two means gathered from the same group of participants (Field, 2013). Hence, the paired
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samples t-test is different from the independent samples t-test because scores of individuals are compared across two occasions, not between groups (such as independent groups
of male and female). In this case, the pre-intervention scores across intelligence, giftedness and creativity mindset were compared with respective post-intervention scores.
The independent samples t-test and the paired samples t-test have similar requirements
such as the assumption of normality and the use of an interval-scale (Field, 2013). However, in the paired samples t-test the sample size is not an issue, since scores between the
same individuals are compared. What is more, variances do not need to be equal because
t is compared with known values based on the degrees of freedom (Field, 2013). If t is
negative, the mean of the first measure (pre-test) is smaller than the second measure (posttest) (Field, 2013). After the paired samples t-test has been conducted, the effect size,
Cohen’s d, is calculated similarly to the independent samples t-test explained earlier.
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Results
In this section the research findings are presented in order to answer the research questions of the investigation. The purpose of my study was to explore the mindsets of Finnish
7th grade students in the capital city of Helsinki. In Section 3.1, I will answer the research
question on what kinds of mindsets students have regarding intelligence and giftedness
using descriptive statistics and by conducting a TwoStep cluster analysis. Section 3.2 focuses on examining mindset differences in relation to academic achievement and educational aspirations. Subsequently, in Section 3.3 I will investigate how the mindset were
connected to students sociodigital competence beliefs and their perceptions of school’s
digital practices. Finally, in Section 3.4, I report the results of the mindset pilot intervention and how students’ mindsets changed from pre- to post-test.

3.1 What kinds of intelligence and giftedness mindsets can be found in
Finnish 7th graders?
In order to examine the extent to which Finnish 7th graders have a growth mindset,
Dweck’s (2000) mindset measures was administered to 1059 students. Table 9 displays
descriptive statistics of the intelligence and giftedness mindsets. The items were answered
on a six-point Likert scale. Notice that the items in Table 9 are fixed mindset statements
but have been reverse coded to measure the growth mindset instead of the fixed mindset.
Looking at the mean, median and mode of both domains it appears that overall Finnish
students had a positive view of the malleability of intelligence (M = 4.43, SD = 1.18) and
giftedness (M = 4.41, SD = 1.29). The means intelligence and giftedness mindsets appeared to be virtually equal. Further, students who had a fixed mindset on intelligence,
tended to have a fixed mindset on giftedness as well; a paired sample t-test did not reveal
statistically significant differences (t(1014) = 0.95, p > .05)
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Table 9. Descriptive statistics of intelligence and giftedness mindset items

Variable

n

M

SD

Mdn

Mo

People have a certain amount of
intelligence, and not much can
really be done to change it

1058

4.53

1.36

5

6

Intelligence is something about people that can’t be changed very much

1054

4.37

1.31

5

5

To be honest, you can’t really change
how intelligent you are

1055

4.58

1.34

5

5

1055

4.23

1.39

4

5

1050

4.57

1.39

5

6

1050

4.37

1.41

5

5

To be honest, you can’t really change
how gifted you are

1047

4.41

1.48

5

6

People can learn new things,
but not really change their basic
giftedness

1037

4.22

1.47

4

5

People can learn new things,
but not really change their basic
intelligence
People have a certain amount of giftedness, and not much can really be
done to change it
Giftedness is something about
people that can’t be changed very
much

Note. Items have been reverse coded so that a higher score indicates a stronger growth
mindset.

After analyzing statistical information about Finnish 7th graders mindsets, I conducted a
TwoStep cluster analysis to find natural mindset groups from the data. The benefits of
using a cluster analysis is that it is person-oriented and data-driven, thus providing a
unique way of studying the mindsets. I started the analysis with the intelligence mindset
items. Notice here too that items were reverse coded to measure a growth mindset, even
though items are worded as fixed mindset statements. The SPSS algorithm clustered the
participants into three mindset groups that were interpreted to represent growth (n = 437,
M = 5.5), mixed (n = 430, M = 4.15) and fixed (n = 181, M = 2.49) mindsets. The Bayesian
Information Criterion (BICIntelligence = 1505) scree plot were examined and considered to
suite well with the data (See Appendix E). Figure 4 below presents the means for each
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item used in the intelligence mindset clusters. The means of each item varies slightly
within each group but are clearly and systematically distinct from each other.

Figure 4. Means for intelligence mindset items in TwoStep cluster analysis

Once conducting the analysis with the mindset items, I conducted the TwoStep cluster
analysis for the giftedness mindset items. This time, however, the algorithm first proposed
a dichotomous categorization of the mindset. I analyzed the Bayesian Information Criterion scree plot (BICGiftedness = 1217) and found that the curve started to settle only after
four clusters (See Appendix E) indicating that even a four-cluster solution would work
well with the data. Hence, for the sake of clarity, I decided to try to force the analysis into
three groups, similarly to the intelligence mindset. Therefore, giftedness mindset was also
categorized into groups of growth (n = 449, M = 5.56), mixed (n = 292, M = 4.29) and
fixed mindset (n = 284, M = 2.70). Figure 5 displays again the means for each item used
in the analysis. Here too the items vary slightly but are still systematically distinct from
each other.
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Figure 5. Means for giftedness mindset items in TwoStep cluster analysis

In order to get a proper sense of the data, I also investigated gender differences regarding
the intelligence and giftedness mindsets. For this, an independent samples t-test was conducted. Students (n = 27) who identify themselves as other, rather than a girl or a boy,
were left out of these analyses because their number was low; including them would have
made the sample sizes highly unequal. Table 10 indicates that there was a significant
difference between girls’ (M = 4.58, SD = 1.19) and boys’ (M = 4.20, SD = 1.38) giftedness mindsets (t(886.97) = 4.57, p < .001, d = .295) but no statistically significant differences were found between the genders regarding the intelligence mindset (t(896.02) =
1.65, p > .05).

Table 10. Independent samples t-test of gender differences in intelligence and giftedness mindsets
Girls

Boys

M

SD

M

SD

t

Cohen’s d

Intelligence mindset

4.48

1.07

4.36

1.28

1.65

n.a.

Giftedness mindset

4.58

1.19

4.20

1.38

4.57***

0.29

Note. Equal variances are not assumed
***p < .001.
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The analysis indicated that girls’ and boys’ standard deviations were not equal in the
intelligence and giftedness mindset variables and, therefore, some caution may be needed
when interpreting the results. Because of this I decided to confirm results with a ChiSquare test of independence by comparing gender distribution between the mindset cluster profiles (fixed, mixed and growth mindset). Table 11 displays observed frequencies
and percentages of the gender distribution in the mindset cluster profiles for both intelligence and giftedness. It was discovered that, in fact, there are statistically significant gender differences between the mindset cluster profiles for both intelligence (χ2 (1019) =
12.5, p < .01) and giftedness (χ2 (997) = 23.9, p < .001) mindsets.

Table 11. Chi-Square test on gender and mindset cluster profile for intelligence and giftedness
Intelligence mindset

Girls

Boys

Total

Giftedness mindset

Fixed

Mixed

Growth

Total

Fixed

Mixed

Growth

Total

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

79

253

227

559

119

163

268

550

(14.1)

(45.3)

(40.6)

(100)

(21.6)

(29.6)

(48.7)

(100)

97

166

197

460

158

119

170

447

(21.1)

(36.1)

(42.8)

(100)

(35.3)

(26.6)

(38.0)

(100)

176

419

424

1019

277

282

438

997

(17.3)

(41.1)

(41.6)

(100)

(27.8)

(28.3)

(43.9)

(100)

χ2 (1019) = 12.5, p<.01

χ2 (997) = 23.9, p<.001

Regarding the intelligence mindset, girls and boys had a similar proportion of students in
the growth mindset group. However, differences emerged between the fixed and mixed
mindsets: boys had proportionally more students in the fixed mindset group than girls and
girls had more students in the mixed mindset group than boys. Furthermore, regarding
the giftedness mindset, boys relationally had more students in the fixed mindset group
than girls did. Consequently, girls had proportionally more students in the growth mindset
group than boys. The proportion of students in the mixed mindset group was similar for
both groups. Hence, differences between the genders were more distinct in the giftedness
mindset than the intelligence mindset.
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In conclusion, on average, Finnish students had positive views regarding malleability of
giftedness and intelligence mindset. These mindsets appeared to be at approximately at
the same level and students who had a growth mindset on intelligence tended to have a
growth mindset on giftedness as well. Yet, the cluster analysis revealed subgroups of
students with varying mindsets: fixed, mixed and growth mindset groups were found for
both intelligence and giftedness mindset. For both mindsets, the fixed mindset group was
the smallest group, and the growth mindset group was the largest. Moreover, gender differences in the mindsets were found in both intelligence and giftedness, but the effect was
stronger in giftedness mindset. Hence, it appears that the mindsets are related to girls and
boys in different ways. Many phenomena, such as academic achievement, motivation or
wellbeing, are gendered, and the mindset appears not to be an exception.

3.2 What kinds of differences in the mindsets can be found in relation
to academic achievement and educational aspirations?
This section answers the second research question regarding differences between mindsets in relation to academic achievement and educational aspirations. As gender differences were found in the mindsets, I decided to take gender into consideration as well
when analyzing differences regarding academic achievement and educational aspirations.
It is possible that these too yield gender differences that should not be left unconsidered.
Two-way ANOVAs were performed for both intelligence and giftedness mindsets in order to get detailed information on their relationship. I will report the results of both analyses but will, however, only provide a table of one the analyses in this section and will
refer to the other in the Appendix (Appendix F).
I started by examining relations between the mindsets and academic achievement.
Achievement data was received from the Education Division of the City of Helsinki.
However, data was received from less than 40% of the students, not the total sample.
Nevertheless, achievement in math was related to both intelligence (F(5, 395) = 9.67 p <
.001, hp2 = 0.05) (Table 12) and giftedness mindsets (F(5, 387) = 7.10, p < .001, hp2 =
0.03) (Appendix F) and no gender differences was observed. Pairwise comparisons on
the intelligence mindset conducted with Bonferroni revealed that the fixed mindset significantly differed from mixed (p < .10) and growth (p < .001) mindsets, but however, the
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mixed and growth mindset groups did not significantly differ from one another. Moreover, regarding the giftedness mindset, pairwise comparisons conducted with GamesHowell indicated that the growth mindset was statistically different from the mixed (p <
.05) and fixed (p < .001) mindset groups, but however, the latter ones did not differ from
each other.
Table 12. Two-way ANOVA between intelligence mindset, gender, academic achievement in
mathematics and mother tongue, and educational aspirations
Academic achievement in mathematics
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 395)

hp2

Fixed mindsetab

7.87(1.42)

40

7.66(1.22)

41

Mindset

9.67***

0.05

Mixed mindseta

8.35(1.37)

100 8.31(1.17)

71

Gender

3.08

0.01

Growth mindsetb

8.72(1.07)

79

70

Mindset x
gender

0.92

0.01

8.31(1.21)

Academic achievement in mother tongue
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 333)

hp2

Fixed mindsetab

8.48(1.20)

33

7.44(1.04)

33

Mindset

4.10*

0.02

Mixed mindseta

8.48(0.96)

89

8.09(1.04)

59

Gender

33.86***

0.09

Growth mindsetb

8.76(0.88)

68

8.04(1.05)

57

Mindset x
gender

2.54

0.01

Educational aspirations
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 807)

hp2

Fixed mindsetb

3.05(1.06)

64

3.28(0.93)

76

Mindset

15.17***

0.04

Mixed mindseta

3.38(0.93)

199 3.26(0.96) 132

Gender

0.28

0.00

Growth mindsetab

3.71(0.67)

189 3.50(0.87) 153

Mindset x
gender

0.04*

0.01

Note. Mindset groups sharing the same subscripts differed statistically significantly (p < .05)
in pairwise comparisons.
*** p < .001, * p < .05.
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Furthermore, I analyzed the relationship between the mindsets and academic achievement
in Finnish or Swedish as mother tongue. In both analyses for intelligence and giftedness,
a gender difference was observed indicating that girls outperformed boys in mother
tongue. Both analyses for intelligence and giftedness revealed that the mindsets were,
however, also associated with better achievement in mother tongue (FIntelligence(5, 333) =
4.10 p < .05, hp2 = .024; FGiftedness(5, 323) = 5.30 p < .01, hp2 = 0.03). No interaction effects
were observed. Pairwise comparisons were conducted with Bonferroni in both analyses.
Regarding the intelligence mindset, the analysis revealed that the fixed mindset was statistically different from both mixed (p < .05) and growth (p < .10) mindset groups. Likewise, regarding giftedness, pairwise comparisons conducted with Bonferroni indicated
that the growth mindset was statistically different from mixed (p < .05) and fixed mindsets
(p < .01).
Students were asked about their educational aspirations (n = 842) in terms of “What is
the highest level of education you think you will complete?”. This was coded into a fourpoint Likert scale (1 = Basic education, 4 = University education). I used Two-way
ANOVA to examine between-group differences in educational aspirations and found that
mindset on intelligence (F(5, 807) = 15.17, p < .001, hp2 =0 .04) (Table 12) and giftedness
(F(5, 788) = 7.26, p < .001, hp2 = 0.02) were associated with more ambitious educational
aspirations for both girls and boys (Appendix F). No significant gender differences were
found; however, a small interaction effect was found between the intelligence mindset
and gender. Pairwise comparisons conducted with Games-Howell revealed that the
growth mindset group was statistically different from both mixed (p < .001) and fixed
mindset (p < .001), but the fixed and mixed mindset groups did not significantly differ
from each other. Similar results were found with the giftedness mindset; however, no
interaction effect was observed (Appendix F).
In sum, the results confirmed that mindsets of intelligence and giftedness were, indeed,
related to students’ academic achievement in mathematics and mother tongue. Further, it
was found that mindsets are related, in fact, to students’ educational aspirations. Such
analyses have not been conducted previously. Moreover, gender differences we found in
only academic achievement in mother tongue, but neither in relation to educational aspirations nor achievement in mathematics.
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3.3 How are mindsets on intelligence and giftedness related to students’
sociodigital competences and the digital practices of schools?
In order to examine mindsets relation to students’ self-reported sociodigital competence
beliefs and their perceived digital practices of schools, a principal component analysis
was first performed as explained in Section 2.3.2. The analysis revealed that the sociodigital competences loaded onto three factors: technical, academic and artistic competences, and the digital practices loaded on to two components: advanced and basic practices. Two-way ANOVA was again utilized together with students’ mindset groups and
gender as independent variables to compare students’ mindset and gender groups to sociodigital competences and digital practices.
The analysis concerning sociodigital competences, firstly revealed significant gender differences favoring boys were found across all sociodigital competences. Only artistic sociodigital competences and the giftedness mindset did not have any gender effects. Regarding the mindset groups, only a small yet statistically significant difference regarding
technical sociodigital competence and the giftedness mindset (F(5, 990) = 5.16 p < .05,
hp2 = 0.01) was found indicating that students who had better technical competencies
tended to have a fixed mindset (Table 13). The pairwise comparison with Games-Howell
indicated that the fixed mindset was statistically different from growth (p < .10) and
mixed mindset (p < .001); on the other hand, the growth mindset and the mixed mindset
did not differ from each other. Intelligence mindset did not have any effect on any of the
sociodigital competences (Appendix F).
Further, the two-way ANOVA revealed that the advanced digital practices had a significant mindset effect in both giftedness (F(5, 955) = 13.91 p < .001, hp2 = 0.03) (Table 13)
and intelligence (F(5, 975) = 19.64 p < .001, hp2 = 0.04) indicating that students who had
a fixed mindset perceived there to be more frequent use of advanced digital practices.
Moreover, a gender effect was found in the context of both giftedness (F(5, 985) = 10.33
p < .001, hp2 = 0.01) and intelligence mindset (F(5, 975) = 16.51 p < .001, hp2 = 0.02)
meaning that boys perceived there to be more frequent use of advanced digital practices.
Additionally, a small interaction effect was found between intelligence mindset group
and gender (F(5, 975) = 3.82 p < .05, hp2 = 0.01) (Appendix F). I conducted the pairwise
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comparisons with Games-Howell, which revealed that in both intelligence and giftedness,
the fixed mindset group differed from the growth (p < .001) and mixed (p < .001) mindset
groups, but mixed and growth mindset groups did not differ from each other.
Table 13. Two-way ANOVA regarding giftedness mindset, gender and technical sociodigital
competence and digital practices of school
Technical sociodigital competence
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 807)

hp2

5.16**

0.01

Fixed mindsetab

2.45(0.90)

119 3.12(1.08)

158

Mindset

Mixed mindseta

2.13(0.87)

163 2.94(0.98)

118

Gender

Growth mindsetb

2.35(0.90)

268 2.90(1.01)

170

Mindset x
gender

1.53

0.00

n

Effect

F(5,955)

hp2

111.65*** 0.10

Advanced digital practices
Girls

Boys

M(SD)

n

M(SD)

Fixed mindsetab

1.90(0.99)

114 2.12(1.33)

155

Mindset

13.91***

0.03

Mixed mindseta

1.51(0.56)

154 1.76(0.82)

115

Gender

10.33***

0.01

Growth mindsetb

1.63(0.70)

262 1.75(0.89)

161

Mindset x
gender

0.49

0.00

n

Effect

F(5, 970)

hp2

Basic digital practices
Girls

Boys

M(SD)

n

M(SD)

Fixed mindseta

3.61(1.23)

116 3.69(1.28)

156

Mindset

3.53*

0.01

Mixed mindseta

3.36(1.14)

160 3.44(1.09)

116

Gender

0.04

0.00

Growth mindset

3.61(1.19)

264 3.56(1.29)

164

Mindset x
gender

0.42

0.00

Note. Mindset groups sharing the same subscripts differed statistically significantly (p < .05)
in pairwise comparisons.
*** p < .001, ** p < .01, * p < .05.
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In regard to basic practices, the two-way ANOVA revealed that the basic digital practices
had a significant mindset effect in giftedness (F(5, 970) = 3.53 p < .05, hp2 = 0.01). A
closer investigation with pairwise comparisons conducted with Bonferroni indicated that
only mixed and fixed (p < .05) mindset groups differed significantly from each other. Yet,
regarding intelligence mindset, only a small but statistically significant interaction effect
was found (F(5, 990) = 3.36 p < .05, hp2 = 0.01) (Appendix F).
Overall, the giftedness mindsets appeared to be negatively related to only technical sociodigital competences. Results for artistic and academic sociodigital competences are not
reported as they only had significant gender effect favoring boys. Moreover, there appeared to be a relationship between the mindsets and the advanced digital practices of
schools. Students who had a fixed mindset appeared to assess there to be more frequent
use of advanced digital practices. Yet, for basic digital practices only those who had a
mixed mindset on giftedness perceived there to be more frequent use of basic digital practices.

3.4 How did students’ mindsets of intelligence, giftedness and creativity
change from the pre- to post-test?
We piloted a six-session mindset intervention based on Brainology. The interventions
included reading tasks about brain plasticity, reflective writing tasks, explained in Section
2.1, Table 2. The intervention was delivered by a researcher from Growing Mind and in
total four classes from two schools participated in the intervention. The measures used in
the intervention were expanded to include creativity mindsets beyond those of intelligence and giftedness; creativity mindset has not been previously addressed in mindset
interventions. The items used were the same mindset items used in Study A, with the
modification on the creativity mindset (See Appendix B). The items were answered with
a six-point Likert scale before the intervention took place (pre-test) and directly afterwards (post-test).
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Table 14. Paired-samples t-test on intelligence, giftedness and creativity mindsets
Pre-test

Post-test

t

df

p

Cohen’s d

Intelligence

3.88

4.18

-1.12

20

0.27

0.19

Giftedness

3.63

3.99

-1.52

20

0.14

0.22

Creativity

3.39

3.77

-2.35*

19

0.03

0.27

* p < .05.

A paired samples t-test was conducted in order to compare each student’s pre- and post/test score. Table 14 displays results of the paired samples t-test. The test indicated that
only the creativity mindset changed statistically significantly towards a stronger growth
mindset (t(19) = -2.35, p < .05, d = 0.27), but no statistically significant differences were
observed in intelligence or giftedness mindsets. Nevertheless, it is important to notice that
to begin with, the creativity mindset is the lowest of all, and even though there occurred
a statistically significant change, it still appears to be the lowest of all in the post-test too.
Moreover, the Cohen’s d appears fairly high across all mindset domains as Hattie (2009)
points out that even 0.2 is already a significant change in educational sciences. It is interesting that while giftedness and intelligence mindsets were not statistically significant,
still their effect size could be considered fairly high.
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Discussion
The purpose of my study was to investigate Finnish 7th grade students’ mindsets and their
relation to academic achievement, educational aspirations and, as new areas of investigation, how the mindsets are related to students’ sociodigital competence beliefs and perceived digital school practices. Further, the purpose was to analyze and report the findings
of a mindset intervention conducted in Finland for the first time to my knowledge. In this
chapter I will discuss the findings and their implications (Section 4.1), assess the validity,
reliability and ethical considerations of this study (Section 4.2) and discuss perspectives
for fostering the growth mindset in school and guidelines for future research (Section
4.3).

4.1 Synthesis of research findings
This investigation started by firstly asking: “What kinds of intelligence and giftedness
mindsets can be found in Finnish 7th graders?”. It was found that in general Finnish 7th
graders had a strong inclination toward growth mindset for both intelligence and giftedness. However, with further investigation I found that Finnish 7th graders could be categorized into groups of fixed, mixed and growth mindsets, indicating that, indeed, fixed or
mixed mindsets are also common among Finnish students. Commonly, the mindset variables have been treated as continuous in nature (e.g., Robins & Pals, 2002) and the present
way of clustering students to three mindset groups has not been frequently used in research. Only a few studies have categorized students (Apiola & Sutinen, 2020; Claro et
al., 2016) or teachers (DeLuca et al., 2019; Laine et al., 2016) into a mixed mindset group
as well. The mixed mindset consists of students who do not have a strong view on the
mindset items. The categorization was performed to support further analyses; the procedure is justifiable because the TwoStep cluster analysis is a robust method, which aims
to find natural groups from the data, rather than to have the researcher decide the number
of groups like in the K-means cluster analysis (IBM Corporation, 2020b). Yet, I did not
manage to find any previous study that had used a TwoStep cluster analysis for mindset
categorization. It appears that using the TwoStep cluster analysis was a successful way to
investigate the mindsets as the procedure was data-driven in nature and the students’
mindset groups determined in relation to one-another rather than being forced by a theoretical categorization of mindset-values.
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When investigating the mindsets, I also took gender differences into reflection because
many educational phenomena in Finland are gendered. I found a significant gender differences in both intelligence and giftedness mindsets, although the relationship was
stronger for the giftedness mindset. The finding is in line with previous mindset research
in Finland (Kuusisto et al., 2017) and the latest PISA results, which suggest that commonly boys tend to have a stronger fixed mindset (OECD, 2019). There are many possibilities for this gender difference. One possibility is related to how adults explain students’ or children’s achievements. Räty and colleagues (2004) found that parents of boys
associated success more often with inner attributes (i.e., intelligence of giftedness) while
parents of girls associated success with effort. These kinds of explanations may later
backfire as studies have found that the way students are praised do affect which mindset
they develop (e.g., Gunderson et al., 2013). Another possible reason for gender differences in the mindsets could be that in Finland, there is a substantial gap between girls’
and boys’ academic achievement: Boys tend to underachieve in core academic subjects
(OECD, 2019). Perhaps in Finland girls receive more process praise than boys and because girls also tend to do better in school, they develop a more adaptive relationship on
learning and challenges. Nevertheless, this points out to an urgent need to think ways of
endorsing a growth mindset among boys.
Secondly, I asked; “What kinds of differences in the mindsets on intelligence and giftedness can be found in relation to academic achievement and educational aspirations?”.
Because of the gender differences found, I employed a Two-way ANOVA including gender and the mindset groups identified by the TwoStep cluster analysis. First, I discovered
that the intelligence and giftedness mindsets did affect academic achievement in both
mathematics and mother tongue. The relationship between the mindset and academic
achievement have been found in numerous previous studies (Aronson et al., 2002; Blackwell et al., 2007; Good et al., 2003; OECD, 2019) and this study confirmed these results.
However, interestingly Kuusisto et al. (2017) found that a growth mindset in intelligence
and a fixed mindset in giftedness were related to higher academic achievement in mathematics, yet similar results were not found in this study. Regarding gender differences, it
was interesting that boys who had a growth mindset did not have a better grade than boys
who had a mixed mindset, and in the case of mother tongue, growth mindset boys had a
worse grade than mixed mindset boys. I believe that this study may illustrate processes
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and mechanisms related to gender differences in students’ academic achievement, and
how they may be (or may not be) related to the mindsets.
This study pointed to a research gap on the relationship between the mindsets and educational aspirations as this has not been tested before. I found that the intelligence and giftedness mindsets did affect students’ educational aspirations: those who had a growth
mindset had more ambitious educational aspirations. No gender differences were observed, nevertheless, a small interaction effect was observed regarding gender and the
intelligence mindset. The results suggest that the mindset may affect what goals one sets
and what futures one sees possible. However, more research is needed on the mindsets
especially in vocational school as the results suggest that those students who believe to
be finishing only the secondary school level may have more of a fixed mindset. Yet, it is
possible that when students find their passion and a suitable way of working and studying
in vocational school, their mindsets may change. It may also be that for these students,
the basic education is experienced as a narrow teacher-controlled environment, whereas
vocational learning is expected to be more empowering, relevant, and important for selfdevelopment. For instance, Salmela-Aro and Tynkkynen (2012) found that school burnout increased with boys and girls in the academic track, but not in the vocational track,
and for girls’ cynicism towards school even decreased. Likewise, Glerum and collaborators (2020) points out that no differences between the mindsets were found between students in the vocational track and students entering university. Mindsets have mostly been
measured in academic settings, such as high school or university, although more research
is needed in vocational school as well.
The third research question was: “How are mindsets on intelligence and giftedness related
to students’ sociodigital competences and the digital practices of schools?” Only a small
relationship was located between the giftedness mindset and technical sociodigital competences: this relationship was, however, negative indicating that students with a fixed
mindset assessed themselves more competent. In addition, the results on digital practices
indicated that in relation to both intelligence and giftedness mindset the students with a
fixed mindset interpreted there to be more advanced digital practices in school. Firstly,
when interpreting these results, it is important to take into consideration that we measured
both self-reported competences and perceived sociodigital practices. It is then likely that
students who are active sociodigital participators highlight and remember situations better
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where technology was used at school. We cannot take self-reports as indications of actual
differences in advanced practices of using sociodigital technologies between schools or
students. For instance, Hakkarainen et al. (2000) reported that boys have a tendency of
inflating their sociodigital competences. Further, because boys were found to have more
of a fixed mindset in giftedness, this could explain why the results were found only for
the giftedness mindset, not intelligence mindset. Nevertheless, the results indicate that
also fixed mindset girls interpreted to be more enhanced in technical sociodigital skills.
Although there may be some differences between schools in practices of using sociodigital technologies, it appears that the result cannot be straightforwardly explained by
diverging learning environments. When interpreting the results, it is important to take into
consideration that simple intensity or frequency of use does not indicate quality of activity: sociodigital activities mentioned in the questionnaire can be enacted at different level
of complexity. From knowing that certain pedagogic activities occur at school with certain frequency, we cannot estimate the quality of learning or that of enacted pedagogy.
Students’ varying ways of perceiving technological aspect of the learning environment
may not, however, be sufficient explanation.
Another line of interpretation relates to the gap hypothesis (Hakkarainen et al., 2015;
Hietajärvi et al., 2020). Students who are active sociodigital participators outside of
school are likely to be more sensitive to use of technology at school. Informal sociodigital
participation has cognitively socialized a relatively small but significant proportion of
students to learning through active and peer supported interest-driven pursuits. Teacher
directed and externally regulated school activities may not motivate and inspire these students; many of these sociodigitally oriented students feel disengagement, cynicism, and
loss of meaning at school (Hietajärvi et al., 2020). Longitudinal investigations have revealed that such young people feel alienations that increases from one year to another
(Hietajärvi et al., 2020). In the background of disengagement may also be other kinds of
tensions between students’ informal activity and schoolwork. Sometimes young people
also participate so deeply in their friendship- or interest-driven informal sociodigital activity, such as gaming and social media participation, that it limits resources invested to
school going activity (Salmela-Aro, et al 2016a) and sometimes sleep rhythms become
disturbed as well (Salmela-Aro et al. 2016b). The present fixed mindset students’ ways
of self-reporting high technological sociodigital competences as well as overemphasizing
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the role of advanced digital study practices indicated that they may represent such a subpopulation of students.
Based on above considerations, I believe that the mindsets of intelligence and giftedness
are not neutral psychological dispositions but already culturally mediated constructions,
i.e., social representations that interconnect intelligence and giftedness to normative educational achievements (Laurell et al., in press). I found that the mindsets were significantly related to academic achievement. The mindset questionnaire was administered to
students in schools, which may influence the fact that students understand intelligence
and giftedness as “school intelligence” and “school giftedness” and thus do not apply
intelligence or giftedness to activities performed outside school. As we found a significant
effect on academic grades, the context specificy (Dweck & Leggett, 1988; Kuusisto et
al., 2017) of mindsets should be considered: you may have growth mindset in one domain
and fixed mindset in another. Although many of the sociodigitally competent students
engage in self-directed complex problem solving, they may not experience fitting in a
school and have problems meeting their education obligations. When students informally
developed cultural competences, such as sophisticated skills of using sociodigital technologies, are not acknowledged and recognized at school, they may find it hard to cultivate growth mindset in context of school learning (Hakkarainen et al., 2015). Such disconnected (Ito et al., 2013) learning experience may lead to fixed mindset even in cases
where a student is intelligent, gifted, and creative problem-solver in informal contexts.
When assessed in educational contexts, it should be remembered that mindsets may be
anchored on social representations that narrowly focus on normative teacher-directed
school performance (Mugny & Carugati, 1989). Finally, it would be interesting to analyze
the creativity mindset in relation to students’ sociodigital practices and competences in
future research.
In the analysis, it became clear that the advanced digital practices were not frequently
used in school (the items were highly skewed and kurtotic). Thus, it appears that schools
are still in the beginning of digitalizing practices of teaching and learning. Because sociodigital technologies and applications develop rapidly, also associated educational practices are changing. Technology does not in itself enhance learning but requires cultivation
of creative and academic practices of using technology for learning and knowledge creation (Ritella & Hakkarainen, 2012). Currently, students do not appear to have sufficient
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structured support for creative and academic use of digital technologies (Hakkarainen et
al., 2015; Hietajärvi et al., 2016).
Finally, for Study 2, the pilot-intervention, I wanted to know: “How did students’ mindsets of intelligence, giftedness and creativity change from the pre- to post-test?” I found
that students’ mindset scores did increase across all mindset domains, but only change in
the creativity mindset was statistically significant. This is an interesting result because it
appears that conceptions on creativity was more amenable to intervention and sensitive
to change than those of intelligence and giftedness. Yet, I pointed out that to begin with
the creativity mindset score was lowest from all mindset domains. Nevertheless, changing
how one feels about creativity is important because conceptions on creativity are closely
related to the 21st century skills of innovation, problem-solving, and creative participation. Still, this study did not involve a control group because of its’ pilot-nature; thus, the
data did not warrant any causal inferences. However, it can be concluded that the inclusion of the creativity mindset provided an interesting expansion for future mindset research and further development of mindset interventions.

4.2 Validity, reliability and ethical considerations
Like any other investigation, the present one also has multiple limitations. Firstly, an aspect not often considered in mindset research is that: Is measuring a fixed mindset the
same as measuring a growth mindset? Many, if not most, mindset studies have utilized
Dweck’s fixed mindset items (e.g., Burnette et al., 2018; Claro et al., 2016; Kuusisto et
al., 2017; Paunesku et al., 2016). However, when assessing, for instance, school engagement, it has been concluded that lack of school engagement does not mean school burn
out, and lack of school burn our does not indicate school engagement: they are separate
constructs (Salmela-Aro et al., 2009; Salmela-Aro & Upadaya, 2012). It follows then, if
we ask about students fixed mindset, does it mean that they have a growth mindset? There
has been some debate about whether or not the mindset is actually a scale and whether
fixed and growth mindsets are independent constructs. Both Karwowski (2014) and Hass
and colleagues (2016) conducted an exploratory factor analysis on growth mindset and
fixed mindset items on creativity and found that at least in this context, the mindsets
loaded on separate factors. What is more, in both studies they correlated negatively with
each other, but not enough to consider them as opposites. They argue that two mindsets
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should be considered at negatively related, but separate entities and that people are likely
to hold both views at the same time. This is an aspect that should be taken into consideration in future mindset research, possibly tested by a confirmatory factor analysis.
Secondly, although the present sample size was relatively large, the measures were based
on students’ self-reports with well-known limitations, such as social desirability bias
(Nederhof, 1985). For instance, social desirability may have led to inflation of sociodigital competences of boys; earlier studies have found such an effect (Hakkarainen et
al., 2000). Sociodigital practices of schools were assessed by using intensity of perceived
activity scales rather than, for instance, teacher reports or actual learning analytic data to
confirm students’ self-reports. It is likely that the students highlighted practices they are
themselves familiar or inspired about. In other words, actual practices were not measured
but the participants’ perceptions may have colored their experiences. Moreover, it is possible that if a student was not familiar with the concepts in the item, they may have answered vaguely. In addition to this, the participants answered the questionnaire during
their first semester of upper secondary school, thus they may not have sufficient idea on
what technology is used at their school nor was it clear how they may have interpreted
the results: Did they establish their answer based on experiences in primary school or
secondary school? In future research a mixed methods approach would provide more indepth knowledge on students’ interpretations and meaning making efforts.
In the pilot-intervention, students were familiar with the mindset questionnaire in the pretest as most students had answered the questionnaire already in Study A. This may be a
problem regarding reliability and replication. Further, the mindset intervention was administered for the first time and lesson learned from the first sessions may have somewhat
affected to our activity in later ones. Moreover, the intervention was carried out in regular
but varying classroom environments (e.g., teacher presence varied; some classes were
harder to control than others) that resulted to small differences in how the intervention
was delivered in each participating class. There were some factors outside of the researcher’s control, such as timetable of the schools or classes, which disrupted activities
taking place the intervention classes. Consequently, we had to administer one intervention
within a week whereas others were conducted in the duration of six (one lesson per week).
Furthermore, the pre and post-tests were conducted in the classroom where students may
have been distracted by others. This is one critique established by Sisk et al. (2018), who
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argue for more controlled research settings and also highlight the use of control groups.
Indeed, future mindset interventions ought to have a control group. Nevertheless, because
this intervention was a pilot study in nature, the use of a control group at this point would
have had little value.
A common issue in the social sciences is sampling bias (Nielsen et al, 2017) and it appears
that this was an issue in both Study A and B. In Study A the missing value analysis indicated that the values were not missing completely at random. Hence, there may have been
an unmeasured factor that influenced the level on missingness. About 160 students did
not either have time to finish or stopped answering the questionnaire for one reason or
another. The interrupting students were more likely to be boys than girls. I presumed that
the extensive questionnaire caused boredom and fatigue especially to academically challenged students. Nevertheless, we do not have data whether the interrupting students had
some form of attention deficit disorder or behavioral problems. Consequently, I did not
get mindset data from an optimally diverse sample of students, which might explain the
lack of statistical power. Nonetheless, the measures appeared to have sufficient psychometric reliability, enabled adequate analyses and provided comprehensive results. Further, Study B also had a sampling bias as due to problems of getting consents from either
parents or students; the usable sample of research participants was only 21. We had only
a few refusals but especially immigrant parents did not return the consent forms. Hence,
the sample cannot be considered representative as it included mostly native Finnish students. Nevertheless, the intervention was a pilot study in nature, getting significant results
regarding creativity mindset encouraging; in any case more investigations are clearly
needed.

In respect to ethical issues, the research plan was submitted and approved by the Ethical
Review Board in the Humanities and Social and Behavioral Sciences of University of
Helsinki. In addition, research permission was granted by the Education Division of the
City of Helsinki. The data were handled and stored securely, as required by the EU General Data Protection Regulation and data protection legislation of Finland. Moreover, because students were under 15 in both studies, parents as well as students were asked to
fill out a consent form with a briefing sheet explaining the nature of the study. These
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procedures were the same for studies A and B. What is more, students’ identity was protected by analyzing the data anonymously (i.e., without knowing personal identification
of the students). In Study A an ID number was issued for each student, which consisted
of school code, class code as well as the number of the student. This information was
stored in protected servers of the University of Helsinki to which only accredited members of the research group had access to. In Study B students were anonymized by giving
students class and school a code, but students’ names were deleted from all files. All
information gathered was handled confidentially. The results of the research were reported anonymously, and it will not be possible to identify individual participants or
schools.
In Study A students were not forced to answer the whole questionnaire, thus if a students’
because frustrated or tired, they were able to exist the questionnaire. In Study B, however,
the participation in the intervention was not voluntary as it was decided by the school
principals that the intervention was conducted as part of normal schoolwork. However,
participation in the research study was voluntary and both students and parents had to
provide a consent form. It could be considered ethically problematic to require students
to participate in the intervention activity. Nevertheless, the topics were content-wise close
to regular study counseling lesson and focused on empowering students’ learning. The
intervention was well-suited with the Finnish National Curriculum for Basic Education,
especially by teaching thinking and learning to learn (L1) skills, which is why it can be
considered to be the principal’s and teacher’s choice whether their school or class participate.
In sum, there were some issues regarding participants such as sampling bias in both studies. Moreover, social desirability may have been present as well as ambiguity or unclarity
regarding how students interpreted the questionnaire items. Moreover, in the future it may
be beneficial to consider whether a growth mindset is actually opposite to a fixed mindset,
or whether they are completely separate constructs, such as school engagement and
school burnout (Salmela-Aro et al., 2009; Salmela-Aro & Upadaya, 2012). Nevertheless,
the present studies provided new and unique perspectives to studying the mindsets in
school, analyses were conducted by following methodological guidelines, and research
design appropriately reviews by experts of research ethics.

83

4.3 Perspectives for fostering a growth mindset in Finnish schools
Accumulating students’ 21st century skills is vital for students’ own thriving as future
professionals, but also necessary for finding solutions for society’s wicked problems such
as surviving recurring global pandemics, tackling climate change, and solving radical inequality. Moreover, according to Pajarinen et al. (2015), digitalization threatens a third
of Finnish jobs, mostly routine work in the private sector. How can we as educators ensure
that students have the capability of productively adapting to changing working life? Fostering students’ growth-mindset capability to overcome challenges, tolerate ambiguity,
and produce new knowledge and innovation is fundamental for their own striving as citizens and professionals. Enhancing students’ growth mindsets and becoming even a
growth mindset school is an ambitious, yet necessary objective.
In this thesis, I have maintained that mindset ought to be seen as social representations,
rather than mere individual dispositions. If mindsets are seen as individual dispositions,
the role and responsibility of institutions may be easily overlooked. Further, a fixed mindset might, in an extreme case, may become an individualized problem; some teachers may
believe that they cannot teach students with a fixed mindset (Dweck, 2017a). Examining
mindsets as social representations assists in understanding the social and cultural mechanisms through which practices of learning and teaching, as well as a student’s personal
relations to teachers, parents, peers, and other people, shape mindsets. It is important that
teachers and school leaders reflect on their school’s restrictive and promotional spheres
(Räty et al., 2004). Further, discussing beliefs about the nature of intelligence, giftedness
and creativity may be beneficial for both teachers and students to recognize and critically
reflect on their ability concepts and their origin.
In this thesis, I have introduced two ways of fostering a growth mindset. The first way of
promoting the growth mindset is through pedagogy. Although categorization is “soft” in
Finnish schools in multiple ways, as we do not have standardized testing (Robinson &
Aronica, 2015), schools are inclusive (Harvegrass & Shirley, 2011), and teachers highly
educated, still teachers may unconsciously promote a fixed mindset in the classroom, as
shown by the ethnographic study by Rissanen and colleagues (2016). Growth mindset
pedagogy introduced by Rissanen and collaborators (2018) is a sensible place to start
fostering a growth mindset in schools. Training on growth mindset pedagogy may help

84
teachers and school leaders become aware of detrimental pedagogical choices and school
practices. These include, for instance, highlighting speed and competition in learning,
focus on summative assessment, and giving easier tasks to underachieving students. In
addition to growth mindset pedagogy by Rissanen at al. (2018), training should include
theories introduced in Section 1.1, which highlight our abilities to learn and develop. This
could be considered a mindset intervention for teachers and school leaders. It is important
that school leaders and teachers become aware of the possible detrimental consequences
of practices restricting the growth mindset.
Moreover, I pointed out that there are reasons to assume that non-linear pedagogy, such
as maker-pedagogy, can change class dynamics and provide a substantial place for 21st
skill enhancement, including the growth mindset. The point was not to argue that all pedagogy in school ought to be non-linear, but rather that teachers should be well-trained to
practice both, fluently altering and integrating them. Non-linear pedagogy has multiple
mechanisms in promoting growth mindset, such as highlighting the role of mistakes in
the learning process, fostering mutual peer support, emphasizing the learning process,
valuing the effort of learning, aligning feedback with process goals, and recognizing students’ autonomy (Vongkulluksn et al., 2021). Moreover, the Finnish Curriculum for
Basic Education (FNAE, 2016) highlights the use of varying pedagogical practices in
school and also requires that students participate in at least one multidisciplinary project
a year, and that digital technology should be used across all subjects. Yet, the incorporation of demanding non-linear pedagogy and advanced digital practices requires teacher
training for teachers to be able to make pedagogically informed decisions about the use
of technology. Finnish teachers are known to be pedagogically conservative and favoring
direct teaching for large groups (Juuti et al., 2021). Likewise, we know that Finnish teachers are not yet extensively using digital technology in school (Hakkarainen et al., 2015;
Ritella & Hakkarainen, 2012; Silander et al., in press). What is more, Finnish teachers
participate less in in-service training than their European colleagues and participation is
declining (Kangas et al., 2016). Reasons for this is that teachers report that in-service
training in ineffective as training does not take teachers’ practical needs into consideration
(Korhonen et al., 2016). Korhonen et al. (2016) suggested that in-service teacher training
ought to be more constructivist: providing opportunities for reflection, inquiry and integrating theory to practice. Especially in the case of integrating new pedagogical practices
and sociodigital technology to teaching, reflection, practice, and feedback are vital.

85
In addition to training, developing pedagogical practices is also possible through research-practice partnership and teacher-researcher partnerships. The point of researchpractice partnership is that partnership is long-term, focuses on solving practical obstacles
of school change, and rely on mutualistic approaches (e.g., what is studied is negotiated)
(Coburn & Penuel, 2016). In comparison, in-service training sessions are often one-time
lectures or workshops (Korhonen et al., 2016). The benefits on research-practice partnership are that teachers discover solutions to their own practical issues, receive up-to-date
actionable research findings, and have an opportunity to practice novel practices, and receive feedback (Coburn & Penuel, 2016). For instance, Juuti and associates (2021) reported that teacher-researcher partnerships were successful in making problem-based
learning more engaging for students. In this process, teachers and researchers cyclically
developed a unit, which the teacher enacted. They reported highlighting the teacher as an
active participant in the research group. Thus, the teachers experienced that the partnership provided important opportunities for self-reflection and development. Hence, research-practice partnerships appear to be a meaningful and sustainable way for enhancing
professional competence.
The second way of promoting a growth mindset in Finnish schools is through the mindset
intervention. It would be fruitful to have different scholars develop their own mindset
interventions, and publishing results, even if no there is no evidence of change. Understanding “failed” interventions is often just as important as understanding “successful”
ones (Yeager & Walton, 2011). Collaboration and sharing of resources between research
groups is vital for developing the mindset interventions in a Finnish educational context.
Further, it appears critical to co-develop the intervention program with teachers in the
future; teachers have important practical knowledge on how such messages can effectively delivered to students. In fact, we are developing the mindset intervention through
teacher-researcher partnership: two class teachers and a mindset researcher have co-developed and designed the next intervention program, and the teachers will deliver the
intervention for their own students with support of the researcher. Ultimately, fostering
growth mindset should become an integrated aspect of regular school activity. That is,
indeed, one of the goals of Growing Mind -research project and its efforts of supporting
teachers’ professional learning through research-practice partnerships.
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Appendices
Appendix A, Instruments in Study A
Sociodigital competences
Instruction

How well can you do the following things related to digital technology?

Code

Statement

Compe1
Compe2

I can use cloud storage services (e.g., OneDrive, Office365, Google Drive,
iCloud)
I can solve basic IT problems, like reinstall a program, check internet connection

Compe3

I can use word processing programs, such as Word

Compe4

I can use spreadsheet programs, such as Excel

Compe5
Compe6
Compe7
Compe8
Compe9
Compe10
Compe11
Compe12
Compe13
Compe14
Compe15

I can make multimedia presentations, which include at least image and text
(e.g., PowerPoint, Google Slides, Prezi)
I can edit images online or with image processing programs (e.g., Gimp, Pinta,
Fotor)
I can draw or paint with painting and graphic programs (e.g., Paint, Krita,
Inkscape)
I can edit videos (e.g., iMovie, VSDC, PowToon)
I can make animations (e.g., StopMotion, Scratch Jr, Blender, Pencil2D, Animaker)
I can make digital 3D drawings or models (e.g., Blender, FreeCAD, TinkerCAD)
I can make music using digital technologies (e.g., GarageBand, Audacity, Ardour)
I can create and maintain a blog or a website (e.g., WordPress, Blogger, WiX,
Weebly)
I can build automated devices, such as robots or smart products (e.g., Lego
EV3, Micro:bit, Arduino)
I can code by using some block- or text-based programming languages (e.g.,
Scratch, Tynker, Html, Javascript, Python, EV3)
I can recognize risks related to my own safety online, and avoid them
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Digital practices
Instruction

How often are the following things involved in your schoolwork?

Code

Statement

Digiprac1

In class, we practice basic use of digital technology (e.g., sharing a document,
word processing, use of email and internet)

Digiprac2

I make multimedia presentations related to schoolwork

Digiprac3
Digiprac4
Digiprac5
Digiprac6

I make digital portfolios related to schoolwork (a portfolio is a digital folder,
into which you collect samples of your own learning and skills)
Teachers encourage me to share with others my know-how on devices, programs, and applications
I maintain a blog or similar information platform related to the topic we are
studying
Teachers use animations or simulations in their teaching (simulation means
devices or environments that mimic reality)

Digiprac7

I use virtual or augmented reality (VR/AR) related to schoolwork

Digiprac8

I play learning games or other digital games related to schoolwork

Digiprac9
Digiprac10
Digiprac11

I make 3D drawings or 3D models (e.g., Modelshop, Sketchup, AutoDesk)
related to schoolwork
In class, we build devices utilizing automation, such as robots or smart devices
I code with some graphic or text-based programming language (e.g., Scratch,
Tynker, Html, Javascript, Python) related to schoolwork

Digiprac12

I design or make digital games related to schoolwork

Digiprac13

During class I am guided to recognize risks related to my own safety online,
and to avoid them
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Mindset items
Instruction

Choose the option that best describes how you feel about the statements.

Code

Statement

Q1

People have a certain amount of intelligence, and not much can really be done
to change it

Q2

Intelligence is something about people that can’t be changed very much

Q3

To be honest, you can’t really change how intelligent you are

Q4

People can learn new things, but not really change their basic intelligence

Q5

People have a certain amount of giftedness, and not much can really be done to
change it

Q6

Giftedness is something about a person that can’t be changed very much

Q7

To be honest, you can’t really change how gifted you are

Q8

People can learn new things, but not really change their basic giftedness
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Appendix B, Instruments in Study B

Instruction

Choose the option that best described how you feel about the statements.

Code

Statement

Q1

People have a certain amount of intelligence, and not much can really be done
to change it

Q2

Intelligence is something about people that can’t be changed very much

Q3

To be honest, you can’t really change how intelligent you are

Q4

People can learn new things, but not really change their basic intelligence

Q5

People have a certain amount of giftedness, and not much can really be done to
change it

Q6

Giftedness is something about a person that can’t be changed very much

Q7

To be honest, you can’t really change how gifted you are

Q8

People can learn new things, but not really change their basic giftedness

Q9

People have a certain amount of creativity, and not much can really be done to
change it

Q10

Creativity is something about a person that can’t be changed very much

Q11

To be honest, you can’t really change how creative you are

Q12

People can learn new things, but not really change their basic creativity
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Appendix C, Original data
Of the original 1219 students, 51.3% (n = 625) identified themselves as female and 45.6%
(n = 556) identified as male, while 3% (n = 36) students reported other as their gender.
Age was recoded into a new variable as some students (n = 40) had put 4 or 5 as their
age. These were recoded as missing, which totaled 46. After this the mean age was 12.8.
Students were asked to report what languages they spoke at home and they could choose
as many as they liked. The data included a range of students who spoke different languages, which are displayed in Table 1. See that students could choose as many languages
as they liked and it appears that many students who spoke something else than Finnish at
home, also spoke Finnish at home. This is why the percentages do not add up. The final
option, Other, included a wide range of languages such as English, Spanish, Hindi, Thai,
French. Students were asked to specify in an open-ended question.
Frequencies and percentages of languages spoken at home
Language spoken at home

n (%)

Finnish

1149 (94.3)

Swedish

57 (4.7)

Russian

37 (3)

Estonian

17 (1.4)

Somali

8 (0.7)

Arab

10 (0.8)

Other

156 (12.8)
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Appendix D, Correlations and descriptive statistics in Study A
Correlation matrix between the mindset variables in Study A
Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q1

1

Q2

.72**

1

Q3

.65**

.73**

1

Q4

.58**

.65**

.73**

1

Q5

.52**

.52**

.56**

.57**

1

Q6

.50**

.52**

.52**

.53**

.79**

1

Q7

.45**

.47**

.51**

.50**

.76**

.77**

1

Q8

.44**

.47**

.49**

.54**

.73**

.76**

.80**

** p <. 0.01.

Q8

1
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Correlation matrix of sociodigital competences
Compe1 Compe2 Compe3 Compe4 Compe5 Compe6 Compe7 Compe8 Compe9 Compe10 Compe11 Compe12 Compe13 Compe14 Compe15
Compe1

1

Compe2

.53**

1

Compe3

.54**

.43**

1

Compe4

.48**

.45**

.39**

1

Compe5

.51**

.49**

.52**

.44**

1

Compe6

.36**

.44**

.32**

.44**

.37**

1

Compe7

.34**

.35**

.32**

.39**

.33**

.57**

1

Compe8

.32**

.30**

.25**

.33**

.34**

.48**

.45**

1

Compe9

.31**

.32**

.27**

.41**

.32**

.48**

.53**

.52**

1

Compe10

.35**

.35**

.25**

.50**

.33**

.46**

.46**

.39**

.53**

1

Compe11

.35**

.35**

.26**

.40**

.35**

.36**

.37**

.39**

.43**

.45**

1

Compe12

.33**

.32**

.25**

.45**

.27**

.49**

.43**

.40**

.47**

.50**

.38**

1

Compe13

.33**

.36**

.25**

.41**

.32**

.36**

.37**

.31**

.45**

.56**

.49**

.44**

1

Compe14

.36**

.38**

.26**

.48**

.34**

.42**

.41**

.36**

.49**

.59**

.47**

.48**

.65**

1

Compe15

.36**

.38**

.37**

.22**

.36**

.29**

.25**

.25**

.20**

.22**

.22**

.23**

.20**

.22**

** p<.01.
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Descriptive statistics for sociodigital competences
N

M

SD

Mdn

Mo

Skew

Kurt

Compe1

1058

4.12

0.77

4

4

-0.85

-1.14

Compe2

1053

4.02

0.99

4

5

-0.88

0.35

Compe3

1056

4.56

0.66

5

5

-1.72

-4.13

Compe4

1052

2.99

1.31

3

3

-0.15

-1.09

Compe5

1055

4.31

0.86

5

5

-1.45

2.43

Compe6

1051

3.20

1.31

3

3

-0.25

-1.01

Compe7

1055

3.39

1.27

4

4

-0.37

-0.92

Compe8

1054

3.68

1.21

4

4

-0.70

-0.43

Compe9

1053

2.94

1.32

3

3

-0.01

-1.14

Compe10

1048

2.36

1.30

2

1

0.56

-0.85

Compe11

1052

3.08

1.36

3

4

-0.14

-1.18

Compe12

1053

2.36

1.38

2

1

0.56

-0.99

Compe13

1051

2.34

1.38

2

1

0.61

-0.89

Compe14

1052

2.37

1.33

2

1

0.57

-0.86

Compe15

1052

4.42

0.85

5

5

-1.90

4.25

Code
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Correlation matrix for digital practices
Digiprac1 Digiprac2 Digiprac3 Digiprac4

Digiprac5 Digiprac6 Digiprac7 Digiprac8 Digiprac9 Digiprac10 Digiprac11 Digiprac12 Digiprac13

Digiprac1

1

Digiprac2

.46**

1

Digiprac3

.31**

.40**

1

Digiprac4

.35**

.40**

.32**

1

Digiprac5

.22**

.33**

.32**

.33**

1

Digiprac6

.22**

.27**

.20**

.28**

.35**

1

Digiprac7

.17**

.25**

.26**

.22**

.44**

.38**

1

Digiprac8

.20**

.29**

.24**

.22**

.23**

.20**

.25**

1

Digiprac9

.18**

.33**

.31**

.27**

.46**

.31**

.54**

.27**

1

Digiprac10

.17**

.27**

.22**

.25**

.41**

.33**

.50**

.24**

.54**

1

Digiprac11

.22**

.35**

.27**

.27**

.44**

.30**

.53**

.27**

.61**

.57**

1

Digiprac12

.16**

.30**

.25**

.27**

.39**

.32**

.48**

.36**

.52**

.52**

.53**

1

Digiprac13

.31**

.30**

.26**

.43**

.25**

.30**

.23**

.21**

.24**

.24**

.26**

.27**

** p <.01.
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Descriptive statistics for digital practices
N

M

SD

Mdn

Mo

Skew

Kurt

Digiprac1

1056

4.29

1.61

4

4

-0.29

-0.83

Digiprac2

1051

3.39

1.57

3

4

-0.35

-0.51

Digiprac3

1051

3.43

1.78

3

2

0.25

-1.08

Digiprac4

1051

3.27

1.95

3

1

-0.35

-1.13

Digiprac5

1047

1.83

1.42

1

1

-1.82

2.53

Digiprac6

1046

2.56

1.69

2

1

0.90

-.285

Digiprac7

1053

1.45

1.13

1

1

-2.98

8.91

Digiprac8

1053

3.18

1.68

3

2

0.40

-0.85

Digiprac9

1055

1.64

1.26

1

1

-2.44

5.88

Digiprac10

1049

1.57

1.13

1

1

2.67

7.45

Digiprac11

1052

1.73

1.24

1

1

2.21

5.02

Digiprac12

1047

1.59

1.19

1

1

2.47

6.09

Digiprac13

1048

3.41

1.82

3

2

0.37

-0.92

Code
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Appendix E, Schwarz’s Bayesian Criterion (BIC)

BIC scree plot of intelligence mindset cluster analysis

BIC scree plot of giftedness mindset cluster analysis
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Appendix F, Two-way ANOVAs for Study A
Two-way ANOVA between gender and giftedness mindset related to educational aspirations and academic achievement in math and mother tongue
Educational aspirations
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 788)

h2

Fixed mindsetb

3.2(1.05)

101

3.46(0.87)

127

Mindset

7.33***

0.02

Mixed mindseta

3.42(0.91)

126

3.23(1.00)

91

Gender

1.84

0.00

Growth mindsetab

3.62(0.74)

216

3.46(0.87)

133

Mindset x
gender

2.22

0.01

Academic achievement in math
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 387)

h2

Fixed mindsetb

8.06(1.53)

50

7.86(1.23)

57

Mindset

7.10***

0.03

Mixed mindseta

8.32(1.38)

66

8.02(1.33)

55

Gender

3.28

0.01

Growth mindsetab

8.64(1.09)

103

8.44(1.31)

62

Mindset x
gender

.060

0.00

Academic achievement in mother tongue
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5,323)

h2

Fixed mindsetb

8.32(1.03)

41

7.80(1.06)

43

Mindset

5.30**

0.03

Mixed mindseta

8.40(0.97)

57

7.86(1.15)

45

Gender

30.14***

0.08

Growth mindsetab

8.81(0.92)

90

8.08(0.98)

53

Mindset x
gender

.400

0.00

Note. Mindset groups sharing the same subscripts differed statistically significantly (p <
.05) in pairwise comparisons.
*** p < .001. ** p <.10

118
Two-way ANOVA on intelligence mindset, gender, technical sociodigital competences and
digital school practices
Technical sociodigital competence
Girls
M(SD)

Boys
n

M(SD)

n

Effect

F(5, 1018)

hp2

Fixed mindsetab

2.34(1.05)

1.05 3.19(1.12) 1.12

Mindset

1.95

0.00

Mixed mindseta

2.24(0.87)

0.87 2.97(1.02) 1.02

Gender

123.65***

0.11

Growth mindsetb

2.37(0.89)

0.89 2.94(1.02) 1.02

Mindset x
gender

1.50

0.00

Advanced digital practices
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 975)

hp2

Fixed mindsetab

1.90(1.06)

76

2.38(1.51)

94

Mindset

19.64***

0.04

Mixed mindseta

1.57(0.66)

238

1.80(0.91)

159

Gender

16.51***

0.02

Growth mindsetb

1.63(0.69)

224

1.67(0.83)

190

Mindset x
gender

3.82*

0.01

Basic digital practices
Girls

Boys

M(SD)

n

M(SD)

n

Effect

F(5, 990)

hp2

Fixed mindseta

3.54(1.39)

77

3.84(1.28)

94

Mindset

1.47

0.00

Mixed mindseta

3.45(1.11)

248

3.50(1.19)

160

Gender

0.67

0.00

Growth mindset

3.63(1.21)

224

3.42(1.24)

193

Mindset x
gender

3.36*

0.01

Note. Mindset groups sharing the same subscripts differed statistically significantly (p < .05)
in pairwise comparisons.
* p < .05, *** p < .001.
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Appendix G, Descriptive statistics in Study B
Descriptive statistics of sums of mindset variables

N

M

SD

Mdn

Mo

Skew

Kurt

α

Pre Intelligence

21

3.88

1.50

4.5

5

-0.85

-0.41

0.93

Post Intelligence

21

4.18

1.60

4.75

5

-0.95

-0.10

0.96

Pre Giftedness

21

3.63

1.65

4.25

1,5

-0.46

-1.25

0.98

Post Giftedness

21

3.99

1.67

4.5

5

-0.61

-0.75

0.97

Pre Creativity

21

3.37

1.34

4

4

-0.73

-0.67

0.98

Post Creativity

20

3.77

1.54

5

5

-0.27

-0.63

0.99

Descriptive statistics for intelligence mindset
N

M

SD

Mdn

Mo

Skew

Kurt

Pre Q1

21

4.10

1.61

5

5

-0.81

-0.61

Post Q1

21

4.29

1.74

5

5

-0.99

-0.33

Pre Q2

21

3.76

1.61

4

5

-0.68

-0.99

Post Q2

21

4.14

1.68

5

5

-0.94

-0.46

Pre Q3

21

4.24

1.58

4

5

-1.19

-0.49

Post Q3

21

4.05

1.66

5

5

-0.59

-0.90

Pre Q4

21

3.52

1.66

4

5

-0.37

-1.30

Post Q4

21

4.24

1.67

5

5

-0.91

-0.15
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Descriptive statistics for giftedness mindset
N

M

SD

Mdn

Mo

Skew

Kurt

Pre Q5

21

3.86

1.71

4

5

-0.55

-1.06

Post Q5

21

4.19

1.72

5

5

-0.85

-0.47

Pre Q6

21

3.67

1.85

4

5

-0.45

-1.35

Post Q6

21

3.90

1.73

4

5

-0.50

-1.03

Pre Q7

21

3.81

1.66

4

5

-0.60

-1.01

Post Q7

21

3.95

1.72

5

5

-0.51

-0.98

Pre Q8

21

3.48

1.63

4

5

-0.41

-1.24

Post Q8

21

3.90

1.79

5

5

-0.48

-1.24

Descriptive statistics for creativity mindset
N

M

SD

Mdn

Mo

Skew

Kurt

Pre Q9

21

3.48

1.36

4

4

-0.73

-0.59

Post Q9

21

3.85

1.53

4

4

-0.40

-0.54

Pre Q10

21

3.62

1.46

4

5

-.073

-0.81

Post Q10

21

3.75

1.62

4

4

-0.38

-0.71

Pre Q11

21

3.76

1.41

4

5

-1.07

-0.04

Post Q11

21

3.75

1.55

4

4

-0.19

-0.78

Pre Q12

21

3.29

1.38

4

4

-0.57

-0.77

Post Q12

20

3.75

1.58

4

4

-0.25

-0.91

