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Abstract 

High-achieving students, who can be seen as one essential resource of society, have moved 

into focus and became part of the discussion about educational promotion approaches. 

Thereby two problems occur. First, high-achieving students are frequently considered as one 

homogeneous group and second, their promotion is often neglected. Hence, this research 

project aims to investigate the extent and quality of high-achieving students’ heterogeneity 

and how it can be identified from a multidimensional perspective, including different achieve-

ment indicators and motivational-affective characteristics. Further, it is investigated how high-

achieving students’ heterogeneity can be considered to offer the best possible support in 

learning through differentiated instruction (DI) in an inclusive educational setting. 

To investigate high-achieving students’ heterogeneity from a multidimensional perspective 

and thus improve their classification, domain-specific (i.e., mathematical competences) as 

well as domain-general (i.e., figural reasoning) achievement indicators were used to identify 

high-achieving student subgroups (Paper A). In addition, domain-specific and domain-gen-

eral motivational-affective characteristics were used to further characterize the detected high-

achieving student subgroups. From a methodological perspective, traditional giftedness re-

search1 often used the cut-off score approach, whereas the latent profile analysis approach 

has recently gained popularity. To investigate if these two approaches can be used inter-

changeably, both approaches with the same sample of high-achieving students (N = 1563) 

were used and the respective classification results were compared. Results showed a re-

markable achievement and motivational-affective heterogeneity between high-achieving stu-

dent subgroups. Both methodological approaches resulted in the four largest detected sub-

groups of high-achieving students on the aggregated level (i.e., Top Performer, Overachiever, 

Underachiever, Operator), but could not be used interchangeably on an individual level (as-

signment of the individual high-achieving student to subgroups). Hence, the need for a mul-

tidimensional perspective on high-achieving students considering different achievement indi-

cators and motivational-affective characteristics is emphasized.  

Further, the promotion of high-achieving students in inclusive educational settings through DI 

was investigated (Paper B). Therefore, a systematic mixed-methods review (N = 49 studies) 

was used to summarize the impact of DI on high-achieving students’ outcomes as well as 

different conditions for the successful implementation of DI in mixed-ability classrooms. Re-

sults indicated that DI has a mainly positive impact on high-achieving students’ outcomes 

and is therefore a promising approach for their promotion in inclusive educational settings. 

However, DI was not used proactively and regularly for high-achieving students, despite 

teachers and high-achieving students having affirmed its usefulness. Barriers (e.g., teachers’ 

misconceptions) and facilitators (e.g., professional staff development) that might hinder or 

help to implement DI successfully are discussed.  

To sum up, this dissertation contributes, from a multidimensional perspective, to a better un-

derstanding of high-achieving students’ heterogeneity. Further, the importance of individual-

ized promotion in inclusive educational settings to fully develop their potential is underlined.  

                                                            
1 In this dissertation, the German term Begabtenforschung, focusing on the research of high-achieving students, 
is translated with giftedness research and therefore includes next to gifted students also high-achieving stu-
dents. The same is true for gifted education. 
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Zusammenfassung 

Leistungsstarke Schüler*innen, die als eine wesentliche Ressource der Gesellschaft angese-

hen werden können, rückten in den letzten Jahren in den Fokus und wurden Teil der Diskus-

sion über Förderansätze im Bildungssystem. Dabei treten zwei Probleme auf. Erstens werden 

leistungsstarke Schüler*innen häufig als eine homogene Gruppe betrachtet und zweitens wird 

ihre Förderung häufig vernachlässigt. Ziel der vorliegenden Forschungsarbeit ist es daher, das 

Ausmaß und die Qualität der Heterogenität von leistungsstarken Schüler*innen aus einer 

mehrdimensionalen Perspektive zu betrachten. Diese berücksichtigt neben verschiedenen 

Leistungsindikatoren auch motivational-affektive Merkmale. Darüber hinaus wird untersucht, 

wie die Heterogenität leistungsstarker Schüler*innen in einem inklusiven Bildungskontext 

durch differenzierten Unterricht (DI) berücksichtigt werden kann, um eine bestmögliche Un-

terstützung beim Lernen zu bieten. 

Um die Heterogenität leistungsstarker Schüler*innen aus einer mehrdimensionalen Perspek-

tive zu untersuchen und damit deren Klassifikation zu verbessern, wurden sowohl domänen-

spezifische (mathematische Kompetenzen) als auch domänenübergreifende Leistungsindika-

toren (figurales schlussfolgerndes Denken) verwendet, um Subgruppen leistungsstarker 

Schüler*innen zu identifizieren (Paper A). Weiter wurden domänenspezifische und domänen-

übergreifende motivational-affektive Merkmale verwendet, um die ermittelten Subgruppen 

leistungsstarker Schüler*innen genauer zu charakterisieren. Aus methodischer Sicht wurde in 

der traditionellen Begabtenforschung häufig der Cut-Off Score Ansatz verwendet, während in 

letzter Zeit der Ansatz der latenten Profilanalyse an Bedeutung gewonnen hat. Um zu unter-

suchen, ob diese beiden Ansätze auswechselbar eingesetzt werden können, wurden beide 

Ansätze mit der gleichen Stichprobe leistungsstarker Schüler*innen (N = 1563) angewandt 

und die jeweiligen Klassifikationsergebnisse verglichen. Es zeigte sich eine bemerkenswerte 

Heterogenität zwischen den gefundenen Subgruppen der leistungsstarken Schüler*innen be-

züglich ihrer Leistung und den motivational-affektiven Eigenschaften. Beide methodischen 

Ansätze ergaben auf aggregierter Ebene die gleichen vier größten Subgruppen von leistungs-

starken Schüler*innen (Top Performer, Overachiever, Underachiever, Operator). Auf individu-

eller Ebene (Zuordnung einzelner leistungsstarker Schüler*innen zu Subgruppen) konnten die 

Ansätze nicht austauschbar verwendet werden. Dementsprechend wird die Notwendigkeit 

einer mehrdimensionalen Perspektive auf leistungsstarke Schüler*innen unter Berücksichti-

gung verschiedener Leistungsindikatoren und motivational-affektiver Merkmale betont.  

Des Weiteren wurde untersucht, wie DI zur Förderung leistungsstarker Schüler*innen in einem 

inklusiven Bildungskontext eingesetzt werden kann (Paper B). Dafür wurden in einem syste-

matischen mixed-methods Review (N = 49 Studien) die Auswirkungen von DI auf die Ergeb-

nisse leistungsstarker Schüler*innen sowie die verschiedenen Bedingungen für eine erfolgrei-

che Umsetzung von DI für leistungsstarke Schüler*innen in leistungsheterogenen Klassen zu-

sammenfassend analysiert. Die Ergebnisse deuten darauf hin, dass DI eine überwiegend po-

sitive Auswirkung auf die Ergebnisse leistungsstarker Schüler*innen hat und daher ein viel-

versprechender Ansatz für deren Förderung in inklusiven Bildungskontexten ist. Allerdings 

wurde DI nicht proaktiv und regelmäßig für leistungsstarke Schüler*innen eingesetzt, obwohl 

Lehrkräfte und leistungsstarke Schüler*innen dessen Nützlichkeit bestätigten. Es werden Hin-
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dernisse (z. B. Fehlvorstellungen der Lehrkräfte) und Unterstützungsmöglichkeiten (z. B. Lehr-

kräftefortbildungen) diskutiert, die eine erfolgreiche Umsetzung von DI behindern beziehungs-

weise unterstützen können.  

Zusammenfassend trägt die vorliegende Dissertation aus einer mehrdimensionalen Perspek-

tive zu einem besseren Verständnis der Heterogenität leistungsstarker Schüler*innen bei. Au-

ßerdem wird die Bedeutung einer individualisierten Förderung in inklusiven Bildungskontexten 

unterstrichen, um deren Potenzial vollständig zu entfalten.   
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1 Introduction 

“No two children are equal. As Aristotle—and, later, Thomas Jefferson—observed so as-

tutely, ‘Nothing is so unequal as the equal treatment of unequals’.”  

(Cooper, 2009, p. 285) 

The appropriate education of high-achieving students is an important educational goal in or-

der to meet their needs and develop their full potential. The promotion of high-achieving stu-

dents serves the individual student as well as the society as a whole (Plucker & Callahan, 

2020) and has gained importance in recent years (Kultusministerkonferenz [KMK], 2015, 

2016a; Moltzen, 2011). Thereby, two main problems related to the introductory quote appear. 

First, all high-achieving students have often been considered as equal and therefore as one 

homogeneous group. Second, promotion for high-achieving students was often neglected in 

the educational context and their individual differences were not appropriately taken into ac-

count in order to develop their full potential. 

With regard to the appropriate education of high-achieving students, one of the most danger-

ous and incorrect myths in gifted education is to consider high-achieving students as one 

homogeneous group (Reis & Renzulli, 2009). In contrast, high-achieving students are a multi-

faceted group with strengths and weaknesses in different achievement and motivational-af-

fective areas (Tirri & Laine, 2017). Consequently, the belief that high-achieving students are 

competent in all different areas was repeatedly questioned (Sak, 2011; Tirri & Laine, 2017) 

and a multidimensional perspective on high-achieving students including motivational-affec-

tive characteristics besides different achievement indicators was established (e.g. Heller et 

al., 2005; Stoeger, 2009). In order to consider high-achieving students’ heterogeneity, a con-

tinuum with two ends is conceivable. At one end, high-achieving students can be considered 

as one homogeneous group and at the other end, each high-achieving student can be treated 

individually. From research, we know that considering high-achieving students as one homo-

geneous group is not reasonable (e.g., Castejón et al., 2016; Hofer & Stern, 2016; Leikin et 

al., 2017). Although from a statistical perspective, we can treat each high-achieving student 

individually (i.e., person-specific approach; Howard & Hoffman, 2018), it is very tedious and 

hardly implementable from a practical perspective in daily lessons. Therefore, despite the 

idealism that all students are educated according to their individual needs, we must not forget 

the aspect of feasibility in the everyday school context (Trautmann & Wischer, 2011).  

Hence, the classification of high-achieving students into subgroups through person-centered 

approaches appear as a suitable compromise between treating all high-achieving students 

as one group and the ideal world, where all high-achieving students would be considered 

individually with their respective strengths and weaknesses (Howard & Hoffman, 2018). Per-

son-centered classification approaches aim to detect subgroups of individuals that show 

comparable patterns of certain characteristics. Thereby, the goal of classification is to define 

subgroups as parsimony as possible but as complex as necessary to appropriately describe 

the patterns of the underlying population (Collins & Lanza, 2010). So far, research using a 

multidimensional perspective on high-achieving students is still sparse (Hong & Aqui, 2004) 

and the empirical investigation of the heterogeneity across different high-achieving student 

subgroups is necessary (Castejón et al., 2016).  
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At the individual level, an important educational goal is to provide all students, including the 

high-achieving ones, support measures according to their individual abilities so that all stu-

dents can develop their full potential (Dixson et al., 2020; KMK, 2009; Lucito, 1964). If high-

achieving students are challenged too little for longer periods, it can have numerous negative 

consequences (e.g., decline in performance and motivation; KMK, 2015). In order to improve 

teaching and adapt instruction to the different strengths and weaknesses of high-achieving 

students and to provide individualized promotion, teachers need to know how high-achieving 

students can be classified and which characteristics they have (Castejón et al., 2016; KMK, 

2015; Lazarides et al., 2019). 

At the society level, the appropriate development of high-achieving students is relevant, as 

they can be seen as “the most important human resource for a nation and the world” (Kahveci 

& Akgül, 2014, p. 87). People taking responsibility and guidance regarding global challenges 

in the world as well as highly skilled professionals on the labor market are needed (Cappelli, 

2015; European Centre for the Development of Vocational Training, 2016; OECD, 2020). Thus, 

there is high demand for high-achieving students in today’s societies (Ziegler & Stoeger, 

2012). Thereby, the interest lies not only in highly gifted students who may become future 

mathematics or science experts, but also in broadening the scope to those students who 

understand the social implications that mathematics plays in the world and who are able to 

fulfill an enlightened role in their actions. This approach aligns with current global and political 

visions and movements to enable a broader student body to take on responsibility and lead-

ership for the world’s global challenges (KMK, 2016a; OECD, 2020). A society’s most im-

portant human resource might be ruined if high-achieving students are not challenged appro-

priately. In contrast, education that considers high-achieving students’ needs has the poten-

tial to increase their quality of life (Tirri & Laine, 2017). 

In addition, aiming for individualized promotion gained particular importance as inclusive ed-

ucation became more popular worldwide (Armstrong, 2011; Lindner & Schwab, 2020). The 

guiding principle of inclusive education is to adapt the general education system such that all 

students can participate in general educational institutions (Gebhardt & Heimlich, 2018). In-

clusive education can therefore be defined as “nondiscriminatory education for all” (Tirri & 

Laine, 2017, p. 239; United Nations Educational, Scientific and Cultural Organization 

[UNESCO], 2009) aiming to equally meet the needs of high-achieving, struggling, and all other 

students (Armstrong & Richards, 2011; Booth & Ainscow, 2002). The assumption that inclu-

sive education also embraces high-achieving students has not always been supported and 

even today the focus of inclusive education is often on struggling students, as for example, 

students with disabilities (e.g., Amor et al., 2019; Krämer et al., 2021; Tirri & Laine, 2017). 

Nevertheless, the importance of also considering high-achieving students’ needs in inclusive 

education is further underlined as most high-achieving students are educated in mixed-ability 

classrooms (e.g., White et al., 2003; Yuen et al., 2018) and not in self-contained gifted pro-

grams. 

Without adapting instruction to the individual needs of high-achieving students, they are “the 

most ill-served” student group (Borland, 2005, p. 2). Hence, with the trend towards inclusive 

education it becomes even more apparent that the one-size-fits-all approach isn’t appropriate 

and the question how the different prerequisites and needs of all the diverse learners, includ-

ing high-achieving students, can be taken into account, arises (Gebhardt & Heimlich, 2018; 
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Lindner & Schwab, 2020). One promising teaching approach in an inclusive educational set-

ting is differentiated instruction (DI), which builds on students commonalities and at the same 

time considers students’ differences to provide all students the possibility to develop their 

potential effectively (Tomlinson, 2001). Accordingly, one quality criterion of inclusive educa-

tion is differentiation that does not focus on single students but considers all students within 

an inclusive educational setting (Arndt et al., 2014). Positive effects of DI on students in gen-

eral were already found (Deunk et al., 2018; Puzio et al., 2020; Smale-Jacobse et al., 2019). 

However, it remains an open question if this positive impact can also be generalized for high-

achieving students and which facilitators and barriers might influence its successful imple-

mentation for high-achieving students in inclusive educational settings. 

To sum up, a crucial open question in giftedness research and gifted education is how the 

multidimensional characteristics of high-achieving students can be classified and appropri-

ately taken into account through differentiated promotion in inclusive educational settings. 

This dissertation contributes for the long-neglected group of high-achieving students im-

portant theoretical, methodological, and practical implications regarding this open question 

through the consideration of four important gifted education topics (cf. Davis, 2009): (1) clas-

sification of high-achieving students, (2) characterization of high-achieving student sub-

groups, (3) promotion of high-achieving students in schools, and (4) individualization strate-

gies for high-achieving students. These four research areas and the respective contributions 

of this dissertation are discussed in detail.  
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2 Identification of High-Achieving Student Subgroups 

The definition and thus also the identification of high-achieving students have been widely 

discussed and considered an important topic in giftedness research for about 100 years 

(McBee et al., 2014). The identification of high-achieving students is the foundation for other 

highly relevant decisions, such as the inclusion and exclusion of students in promotion pro-

grams (Acar et al., 2016). However, how these students are defined, which identification indi-

cators are used, and which methodological approach is applied varies widely between stud-

ies. This lack of comparability leads to less generalizable and hardly contrastable results 

across studies (Acar et al., 2016; Carman, 2013; Neuendorf et al., 2022). Each resulting sam-

ple through the use of these various achievement indicators and methodological approaches 

can be seen as one certain high-achieving student subgroup from the whole high-achieving 

student population. Thereby, a conceptual distinction between gifted and high-achieving stu-

dents is frequently made. Gifted students are often mainly defined through their high domain-

general potential (e.g., fluid intelligence), whereas high-achieving students are often mainly 

defined through their high domain-specific achievement (e.g., mathematical competence). 

However, despite this conceptual distinction, a large overlap between the operationalization 

of gifted and high-achieving students was found in research studies (e.g., Carman, 2013; 

Neuendorf et al., 2022). Further, multidimensional giftedness models often consider domain-

general as well as domain-specific achievement (Subotnik et al., 2011, 2019). A broad under-

standing of high-achieving students, including gifted as well as potentially high-achieving stu-

dents, is helpful for solving societal problems (KMK, 2016a; OECD, 2020). Accordingly, recent 

developments in giftedness research call for a more inclusive perspective by reducing the 

emphasis on the label gifted and focus more strongly on the different characteristics and 

needs of this student group in order to maximize learning (Borland, 2005; Dixson et al., 2020). 

To investigate the different characteristics of high-achieving students from a multidimensional 

perspective, the consideration of high-achieving student subgroups might be a good balance 

between the two extreme poles that consider all individuals on their own versus all high-

achieving students as equal. 

To sum up, in this dissertation, gifted students are seen as one part of high-achieving students 

and research investigating gifted as well as high-achieving students is considered. Hence, 

high achievement includes domain-general as well as domain-specific achievement indica-

tors. In the following subchapters, the heterogeneity in used identification indicators and 

methodological classification approaches is discussed from a multidimensional perspective 

on high-achieving students. 

2.1 Multidimensional Classification and Characterization of High-Achieving Stu-

dents 

Looking at giftedness research in recent decades, it can be seen that there has been a shift 

away from a unidimensional perspective to a multidimensional perspective on high-achieving 

students. In addition to different achievement indicators, this multidimensional perspective 

also includes motivational-affective characteristics (García-Martínez et al., 2021; Heller et al., 

2005; Renzulli, 2005; Stoeger, 2009). One commonality across the different multidimensional 

models and the respective research studies is that they still include high intelligence as one 

aspect of high-achieving students. However, the operationalization of high intelligence differs 

widely and many studies do not mention how intelligence was measured. Next to intelligence, 

domain-specific achievement is often used to define high-achieving students (Carman, 2013; 
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Stoeger, 2009). Domain-specific indicators are relevant for high-achieving students, as their 

teaching is one main task of schooling (Alexander et al., 1991), and persons with high certain 

domain-specific achievement are needed in the labor market (Cappelli, 2015; European Cen-

tre for the Development of Vocational Training, 2016). Accordingly, some top-ranking re-

searchers claim that support measures for high-achieving students should be domain-spe-

cific (e.g., Dixson et al., 2020).  

One of the most influential theories that distinguished domain-general from domain-specific 

achievement in the context of intelligence is the Theory of Crystallized and Fluid Intelligence 

(Cattell, 1943; Stoeger, 2009). Thereby, domain-general achievement can be equated with 

fluid intelligence defined as “purely general ability to discriminate and perceive relations” 

whereas domain-specific achievement can be equated with crystallized intelligence defined 

as “discriminatory habits long established in a particular field” (Cattell, 1943, p. 178). In this 

dissertation, intelligence is defined as fluid intelligence that can be distinguished from 

domain-specific achievement (Baumert et al., 2007). A common distinction within domain-

specific achievement is the differentiation between literacy-oriented achievement, focusing 

on the application of knowledge in everyday contexts and curricular-oriented achievement, 

focusing on knowledge taught at school. There is an ongoing discussion on whether these 

two achievement areas are independent (Neidorf et al., 2006; Saß et al., 2017). Despite the 

existence of different multidimensional models and theories (e.g., Cattell, 1943; Heller et al., 

2005; Saß et al., 2017), empirical research referring to it across different high-achieving 

student subgroups is expandable (Hong & Aqui, 2004).  

The multidimensional perspective and the empirical investigation is especially relevant in the 

field of high-achieving students, as a frequent assumption is that high-achieving students 

show their potential in all areas and therefore one indicator is enough to identify high-

achieving students (Sak, 2011; Tirri & Laine, 2017; Worrell, 2009). In contrast, research has 

shown that high-achieving students partially show remarkable heterogeneity across different 

achievement indicators and therefore high-achieving student subgroups with strengths in 

different areas can be detected (e.g., Castejón et al., 2016; Hofer & Stern, 2016; Leikin et al., 

2017; Lohman et al., 2008). Therefore, it is necessary to empirically investigate how domain-

general and domain-specific achievement is related to each other within high-achieving 

student subgroups and how those achievement indicators are related to motivational-

affective characteristics.  

Next to the consideration of different achievement indicators and the cognitive perspective 

on high-achieving students, motivational-affective characteristics are discussed as part of the 

multidimensional models. Often, they are considered as moderating characteristics between 

domain-general potential and domain-specific manifest achievement (e.g., Heller et al., 2005). 

In accordance with the inclusion of motivational-affective characteristics in multidimensional 

giftedness models, these characteristics also gained more attention in the whole educational 

context as they are related to students’ success in school and at work (Gutman & Schoon, 

2013; Schiepe-Tiska, 2019). Thereby, on the one hand, high-achieving students on average 

showed more positive motivational-affective characteristics compared to their not-as-high-

achieving identified peers (e.g., Agaliotis & Kalyva, 2019; Gubbels et al., 2018). On the other 

hand, differences were also found between different subgroups of high-achieving students 

regarding their motivational-affective characteristics (e.g., Agaliotis & Kalyva, 2019; Castejón 
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et al., 2016). The particular importance of motivational-affective characteristics for high-

achieving students is further underlined through the result that the relationship between those 

characteristics with achievement is, on average, even stronger for high-achieving students 

compared to average- and low-achieving students (OECD, 2013b). Accordingly, motivational-

affective characteristics are used to explain why or why not high-achieving students’ potential 

transfers into manifest achievement and if high-achieving students’ potential ideally develops 

(e.g., Cross & Cross, 2017; Gagné, 2004; Heller et al., 2005). However, despite the conceptual 

development towards a multidimensional perspective, research comparing high-achieving 

student subgroups regarding their achievement and motivational-affective characteristics is 

still sparse (Hong & Aqui, 2004). 

This research project contributes to this important giftedness research field by identifying 

high-achieving student subgroups through domain-general and domain-specific achievement 

indicators and further characterizing these detected subgroups through domain-general and 

domain-specific motivational-affective characteristics. As a result, on the one hand for 

educational practice, knowledge regarding the heterogeneity of the achievement and 

motivational-affective characteristics across high-achieving student subgroups can be gained 

in order to adapt teaching. On the other hand, knowledge regarding the relationship between 

motivational-affective characteristics with achievement indicators is gained for theoretical 

multidimensional models and respective research. 

2.2 Methodological Classification Approaches 

The consideration of different indicators for the classification of high-achieving students came 

along with different methodological approaches that identified high-achieving student sub-

groups in order to describe the heterogeneity and patterns across the different indicators 

used (e.g., Castejón et al., 2016; Leikin et al., 2017; MacCallum et al., 2002; Mammadov et 

al., 2016). Accordingly, a shift towards the investigation of high-achieving student subgroups 

instead of the whole population of high-achieving students as one homogeneous group can 

be observed (Stoeger, 2009). Two often used methodological classification approaches are 

the cut-off score and the latent profile analysis (LPA) approach. 

2.2.1 Cut-Off Score Approach 

One commonly used approach is the dichotomization of a continuous variable resulting in 

two subgroups with students scoring either above or below the chosen cut-off score. Overall, 

different values for the cut-off score (e.g., median, one standard deviation above the mean, a 

beforehand fixed point) are considered and used (MacCallum et al., 2002). So far, there is no 

consensus which cut-off score separates high-achieving from not as high-achieving identified 

students (Neuendorf et al., 2022). One distinction that can be made with cut-off scores is the 

differentiation between cut-off scores based on norm-referenced versus criterion-referenced 

assessments. In criterion-referenced assessments, a student’s achievement is compared to 

a predetermined, absolute standard independent of the achievement of other students. With 

a criterion-referenced assessment, one can describe which specific competences on a con-

tinuum a student has attained. In norm-referenced assessments, “a predetermined percent-

age of students […] would obtain a certain grade”, and therefore the achievement is com-
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pared to a relative standard. With a norm-referenced assessment, one can describe if a stu-

dent achieves higher or lower than other students but does not necessarily tell us what a 

student can and cannot do. Neither approach is ideal in extreme situations (Bond, 1996; 

Glaser, 1963; Lok et al., 2016, p. 450; Sternberg et al., 2022). 

As giftedness is still often equated with high intelligence (Stoeger, 2009), one well-known, 

norm-referenced cut-off score is an IQ of 130 (e.g., Leikin et al., 2017). More than half of the 

studies, which reported using a cut-off score for identifying gifted students, used an IQ of 

130. In contrast, another 22.5% used an IQ of 120 and, therefore, a more liberal criterion 

(Carman, 2013). Another norm-referenced cut-off score recommended by the National Asso-

ciation for Gifted Children is an achievement score in the top 10% in one specific or different 

achievement domains (National Association for Gifted Children, 2010). Ten percent was also 

the median, when cut-off scores for the identification of high-achieving students were sum-

marized (Neuendorf et al., 2022). On the other hand, the Programme for International Student 

Assessment (PISA) uses a criterion-referenced cut-off score and defines high-achieving stu-

dents as students scoring at one of the two highest competence levels (i.e., level five or six). 

How many students reach this competence level differs between countries. In Germany, in 

the domain of mathematics, 17.5% reached this competence level in PISA 2012. This number 

declined to 13.0% in 2015 and stayed there in 2018 (OECD, 2014, 2016, 2019b). 

In contrast to these single cut-off scores on one specific achievement indicator, the consid-

eration of different indicators and their respective cut-off scores gained importance for the 

identification of high-achieving student subgroups, as the multidimensional perspective on 

high-achieving students gained popularity. In the cut-off score approach, this comes along 

with three leading possibilities of combination rules. First, the conjunctive model, also known 

as the “and-approach”, demands the minimum requirement for high-achievement in each 

used identification indicator. Second, the disjunctive or complementary model, also known 

as the “or-approach”, demands the minimum requirement for high-achievement in at least 

one used identification indicator. Third, in the compensatory model, also known as the “mean-

approach”, a compensation between the used identification indicators is possible, and the 

mean score across these indicators has to fulfill the minimum requirement. The decision to 

use one of these models largely influences the number of students who are identified as high-

achieving. For the conjunctive model, the identified number of students strongly decreases 

with the increase of the number of indicators used and/or the decrease of correlations be-

tween the indicators. The opposite is true for the disjunctive model. Overall, the disjunctive 

model leads to a more diverse student sample, including a higher range of test scores than 

the conjunctive model (McBee et al., 2014). Two main reasons led to the use of the disjunctive 

model in the current research project in order to identify high-achieving student subgroups. 

First, the investigation of a broad sample of high-achieving and potentially high-achieving 

students, which might show, in addition to level differences, qualitative differences in the used 

identification indicators and can help to solve societal problems (KMK, 2016a; OECD, 2020) 

was of interest. Second, the interest lay in promoting high-achieving students in the mixed-

ability classroom using a more inclusive perspective that is helpful for more students than 

only the highly gifted ones (Dixson et al., 2020). As a false positive identification of high-

achieving students has hardly any negative consequences, when they are promoted through 
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DI inside mixed-ability classrooms, the identification of a broad high-achieving student sam-

ple is more advantageous compared to a too strict one. In this case, the disjunctive model is 

the most appropriate choice (McBee et al., 2014). 

Despite the frequent use of cut-off scores and its easy implementation, this methodological 

approach was criticized for various reasons. On the one hand, methodological problems, such 

as loss of effect size or spurious significances can occur. Therefore, variable-centered ap-

proaches, such as regression and correlation analysis with non-dichotomized variables, were 

recommended (MacCallum et al., 2002). On the other hand, one criticism regarding the con-

tent is that information about individual differences is lost when a continuous variable is split 

into two parts. Imagine dichotomizing the IQ scale into one student group scoring 130 or 

higher and another scoring below 130. Before the dichotomization, we can state that a stu-

dent with an IQ of 130 is more similar to a student with an IQ of 135 compared to a student 

with an IQ of 140. After the dichotomization, students with an IQ of 130, an IQ of 135, and an 

IQ of 140 are considered equal (MacCallum et al., 2002). As a consequence, these students 

would receive the same promotion at the same level. Further, the decision which cut-off score 

is used has often been criticized as arbitrary (Hickendorff et al., 2018; Stoeger, 2009). One 

way of overcoming the criticism of arbitrary cut-off scores, while maintaining the advantages 

of a person-centered over a variable-centered approach, are latent profile analyses (LPAs). 

2.2.2 Latent Profile Analyses 

More recently, person-centered approaches have gained importance for studying individual 

differences between and within individuals. Variable-centered approaches focus on the (lin-

ear) relationship between variables and how these variables change (e.g., the relationship 

between achievement scores and motivation). A variable-centered approach, which assumes 

linear relationships, has significant limitations as it ignores interaction effects and nonlinear 

relationships and thus also the unlikelihood that human behavior is mainly linear (Bogat et al., 

2016; Hickendorff et al., 2018). 

In comparison, person-centered approaches focus on describing subgroups of individuals 

and how these are related to other variables (Bogat et al., 2016; Hickendorff et al., 2018; 

Howard & Hoffman, 2018; Mammadov et al., 2016). Hence, if the focus lies on subgroups of 

individuals instead of a universal rule on an aggregated level, the use of a person-centered 

approach might be more appropriate (Bogat et al., 2016). One often used person-centered 

approach are LPAs that categorize individuals into homogeneous subgroups. This categori-

zation is based on individuals’ response patterns across different continuous and categorical 

variables and aims to maximize the homogeneity within, and the heterogeneity between, sub-

groups (Howard & Hoffman, 2018; Lazarsfeld & Henry, 1968; Mammadov et al., 2016).  

For instance, it could be shown that on an aggregated level, a high correlation (r = .82) be-

tween two operationalizations of mathematical competence in PISA 2012 and the National 

Assessment Study (NAS) 2012 were found. However, on an individual level, large intraindivid-

ual discrepancies between those two conceptualizations partly existed. Students with a PISA 

test score of 500 had test scores between approximately 380 and 610 in NAS (Ehmke et al., 

2017). Extreme discrepancies within achievement profiles are especially relevant for high-

achieving students (Lohman et al., 2008). Hence, person-centered approaches that can de-
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tect high-achieving students’ intraindividual differences across different achievement indica-

tors are crucial. Despite the advantages of LPAs, they are also criticized. One criticism is the 

exploratory character of LPAs and that the detected subgroups could also result from meth-

odological issues (Grimm et al., 2017).  

In order to empirically investigate how high-achieving student subgroups differ, depending 

on the methodological approach used (i.e., cut-off score vs. LPA), the more traditional cut-off 

score approach (e.g., Carman, 2013; Neuendorf et al., 2022) and the more current develop-

ment in the field of giftedness research, the LPA approach (Mammadov et al., 2016), was 

used with the same high-achieving student sample and the respective classification results 

were compared. A comparison of the two approaches provides important information from a 

methodological perspective on whether both approaches produce comparable results de-

spite their respective criticisms and, if not, where differences in the results between the two 

approaches can be found. Advantages and disadvantages of both approaches in different 

educational settings are discussed.  

2.3 Summary 

This chapter summarizes theories, models and empirical research regarding the classification 

of high-achieving students in an educational context. One important topic in this context is 

the multidimensional understanding of high-achieving students, including domain-general 

and domain-specific achievement, as well as motivational-affective characteristics. This mul-

tidimensional perspective and the lack of consensus regarding the classification of high-

achieving students (Neuendorf et al., 2022) is associated with different challenges that need 

to be resolved. One important open question relates to the comparability of the different iden-

tification indicators used and to what extent high-achieving students differ across these indi-

cators. Instead of considering high-achieving students as one homogeneous group, different 

methodological approaches are used to identify high-achieving student subgroups. Here, the 

cut-off score and the LPA approach play an important role. Both approaches have ad-

vantages and disadvantages in the educational research and practice. However, it still re-

mains an open question if both approaches show comparable classification results when the 

aim is to identify high-achieving student subgroups. 

Further, the multidimensional understanding of high-achieving students results in a differen-

tiated view regarding their strengths and weaknesses. However, the question of how these 

differences can be taken into account in educational practice is still discussed (Barbier et al., 

2022; García-Martínez et al., 2021). Based on the knowledge of the heterogeneity between 

high-achieving students and, therefore, the importance of individualized instruction, the fol-

lowing chapter discusses potential and limitations of DI for high-achieving students in mixed-

ability classrooms.  
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3 Promotion of High-Achieving Students 

The identification of high-achieving students’ specific characteristics and needs has only 

added value for education if schools actually adapt their teaching to it and offer students 

individualized in-school support (Dixson et al., 2020). Hence, this chapter first briefly de-

scribes the changing role of high-achieving students in the educational context, followed by 

a short introduction to the three main forms of support measures for high-achieving students, 

namely enrichment, acceleration, and grouping (García-Martínez et al., 2021; Weigand, 2019). 

The focus of this chapter lies on the importance of supporting high-achieving students in 

mixed-ability educational settings through DI to meet their varying needs. 

3.1 The Role of High-Achieving Students in the Educational Context 

One dilemma teachers often face in the educational context due to limited resources is to 

decide whose needs should be prioritized and how resources should be distributed (Tirri & 

Laine, 2017). According to Deutsch (1985), there are three forms of distributive justice in co-

operative relations. If the focus is on economic productivity, equity is the leading principle. If 

the focus is maintaining positive social relations, the leading principle is equality and if the 

focus is on personal development and welfare, the leading principle is personal need. Looking 

at past political developments and research, the focus has often been on struggling students 

(e.g., Fischer & Müller, 2014; KMK, 2010; Simpson et al., 2004; Tirri & Laine, 2017), despite 

the right of all students to get appropriate education according to their individual potential 

(Borland, 2005; KMK, 2009). As a consequence, the promotion of potentially high-achieving 

and already high-achieving students has been neglected (García-Martínez et al., 2021; Kunze 

et al., 2019; Moltzen, 2011). One reason, therefore, might have been the misconception that 

high-achieving students do not need extra promotion as they will do it on their own (Moltzen, 

2011). This misconception appeals to school staff and politicians as they can focus on strug-

gling students and also do not have to address high-achieving students’ needs and share 

scarce resources (Moon, 2009). As struggling students’ needs are believed to be more urgent, 

they are prioritized and, therefore, the needs of high-achieving students are not met or are 

only done so to a lesser extent (Tirri & Laine, 2017). Further, high-achieving students might 

appear appropriately fostered in an underchallenging learning environment, as they might still 

achieve above average performance. However, they run the risk of developing “maladaptive 

motivational beliefs that will sabotage their resilience when they encounter more challenging 

coursework in the future” (Moon, 2009, p. 274). 

Although, especially in Germany, the promotion of high-achieving students gained im-

portance relatively late (Kunze et al., 2019; Stumpf, 2012), the neglect of high-achieving stu-

dents has changed. Political resolutions aiming for the identification and promotion of high-

achieving students were resolved (KMK, 2015, 2016a; Kunze et al., 2019). These resolutions 

resulted in the large ten-year project “Leistung macht Schule” (LemaS; Promoting Excellence 

in School Education) with schools across all German school types and 22 subprojects in two 

main areas. Main area one focuses on the development of school mission statements that 

include joint values and aims regarding a potential-oriented school culture and the develop-

ment of cooperative networks. The second main area is strongly related to this dissertation. 

The focus lies on the development of diagnosis-based individualized promotion of high-

achieving and potentially high-achieving students in regular mixed-ability classrooms in order 
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to better develop their full potential. A scientific evaluation of the project is also taking place, 

wherefore important empirical findings for the promotion of high-achieving students in Ger-

many can be expected in the next few years (Weigand et al., 2020). 

 
This change is important because of two main reasons at an individual and a societal level. 

On the one hand, educational promotion approaches for all students also include high-achiev-

ing students (KMK, 2009) as all students have the right to receive appropriate education ac-

cording to their needs (Borland, 2005). Hence, the claim that “professional ethics in teaching 

calls for equal attention to all students and equitable educational opportunities and experi-

ences” occurs (Tirri & Laine, 2017, p. 250). On the other hand, in order to improve the perfor-

mance of an education system and therefore realize the potential of a society, high-achieving 

students play an important role (OECD, 2019b). However, even though the view that high-

achieving students need to be educated according to their individual needs has gained sup-

port and attention (e.g., Moltzen, 2011), the question of how the concrete implementation of 

this support should look is still under discussion. Diverse educational interventions have been 

used so far (Barbier et al., 2022; Dai et al., 2011; García-Martínez et al., 2021). The focus 

thereby should be on individualized support according to the characteristics and needs of 

high-achieving students in order to promote their educational outcomes as best as possible 

(García-Martínez et al., 2021). 

3.2 Enrichment, Acceleration, and Grouping 

The three international and national most widespread forms of support measures for high-

achieving students in the educational context are called enrichment, acceleration, and group-

ing (Heller, 2001; Walsh et al., 2012; Weigand, 2019). Figure 1 gives an overview of different 

exemplary support measures in these three areas and points out that these measures can 

take place inside and outside of mixed-ability classrooms. The focus of this dissertation is on 

support measures inside mixed-ability classrooms that can be part of all three areas (grey 

frame). 

 

Figure 1. Support Measures for High-Achieving Students Inside and Outside Mixed-Ability 

Classrooms (translated and adapted from Ziernwald et al., 2020 based on KMK, 2009, 2015). 
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Enrichment focuses on the enlargement or/and deepening of learning, for example, through 

school competitions (KMK, 2015; Stumpf, 2012). Regarding enrichment, a meta-analysis has 

shown, on average, large positive effects on academic achievement and medium positive 

effects on socioemotional development. The effect sizes varied depending on the type of 

enrichment program and students’ age. For example, older students benefited more than 

younger students (Kim, 2016). 

Acceleration, in contrast, describes a faster progression through the school career, for exam-

ple, through grade skipping or early entrance at school (KMK, 2015; Plucker & Callahan, 2020; 

Stumpf, 2012). Research syntheses found (small) positive effects of different acceleration ap-

proaches on students’ academic achievement and their motivational-affective characteristics 

(Steenbergen-Hu et al., 2016; Steenbergen-Hu & Moon, 2011).  

The third area, grouping, focuses on the aggregation of students, for example, based on their 

ability to create more homogeneous subgroups (KMK, 2015). This support measure has been 

studied in great detail for about 100 years. A second-order meta-analysis summarized the 

findings of 13 ability-grouping meta-analyses. It concluded that within-class grouping, cross-

grade subject grouping, and special grouping for the high-achieving students showed small 

positive effects on students’ academic achievement, whereas between-class grouping 

showed no effects. These effects were found independent of students’ ability levels (Steen-

bergen-Hu et al., 2016). However, researchers repeatedly stated that grouping alone is not 

enough. In order to unfold the positive effects of grouping, grouping should be accompanied 

by appropriately adapted instruction for the different student groups (Kulik & Kulik, 1992; 

Plucker & Callahan, 2020; Tieso, 2003). 

Although this triad exists, in practice, many support measures for high-achieving students 

combine different facets and are therefore not clearly distinguishable from each other (Heller, 

2001; Stumpf, 2012). Next to these three areas of support measures, integrated promotion 

inside mixed-ability classrooms is discussed for high-achieving students. One key element 

thereof is DI (KMK, 2015). However, research to date regarding educational practices within 

mixed-ability classrooms for high-achieving students is still sparse (Barbier et al., 2022). In 

the following, a short introduction into external and internal differentiation is given, along with 

an explanation of the focus on DI as part of internal differentiation inside mixed-ability class-

rooms. 

3.3 Differentiated Instruction in Mixed-Ability Classrooms 

The term differentiation is often divided into external and internal differentiation (Bönsch, 

2004). On the one hand, an important construct describing external differentiation is tracking, 

that can take place between schools through different school types and within schools 

through different streams. Their common aim is to form relatively homogeneous fixed sub-

groups of students based on their prior achievement in order to have students with similar 

prior achievement grouped within school types and school streams. In Germany, this tracking 

system is one of the most strict ones (Retelsdorf et al., 2012; Trautwein et al., 2006). A pref-

erence for teaching to the middle through teacher-centered teaching leads to the attitude that 

heterogeneity is not seen as gain but as a problem that should be removed (Trautmann & 
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Wischer, 2011). On the other hand, internal differentiation focuses on flexible student sub-

groups based on their achievement differences within regular mixed-ability classrooms 

(Dumont, 2018). One integral part of internal differentiation is DI during the lesson and can be 

defined as “the adaptation of content, process, product, learning environment or learning time 

based on information about students’ readiness or another relevant student characteristic 

(such as learning preference or interest) to better address students’ learning needs” (Smale-

Jacobse et al., 2019, p. 3). This adaptation seems especially important for high-achieving 

students as 73% of the teachers in a study stated that high-achieving students are too often 

bored and demanded too little at school and do not have sufficient possibility to grow (Love-

less, 2008). This teacher perspective is in accordance with the high-achieving students’ per-

spective. Only 14.2% perceived their mathematics lessons, and 15.3% their science lessons, 

as highly cognitive activating (Rieser et al., 2016). Hence, despite external differentiation, DI 

is necessary due to several reasons. First, the tracking in Germany, for example, only exists 

for secondary education. Therefore, in the untracked primary education system, a large het-

erogeneity exists by nature. Second, in secondary education, despite tracking, a large 

achievement heterogeneity exists (Bohl et al., 2012). For example, in PISA, for 9th graders at 

the highest German school track, the reading and mathematics achievement of the middle 

90% of students spans across four to five proficiency levels (Reinhold et al., 2019; Weis et 

al., 2019). Third, all over the world, inclusive education gained importance (Armstrong, 2011; 

Lindner & Schwab, 2020). The UNESCO program strives for inclusive education for all people 

(General Assembly of the United Nations, 2019; UNESCO, 2017). The favor for inclusive edu-

cation also follows researchers who stated that there is only little support from research for 

this inflexible grouping through tracking (Plucker & Callahan, 2020) or even found (partially) 

unwanted side effects of tracking (e.g., Oakes, 2005; Retelsdorf et al., 2012). In line with this 

claim for inclusive education, a growing heterogeneity of students in the regular mixed-ability 

classrooms can be observed (Civitillo et al., 2016; Fischer, 2019; Subban, 2006). Hence, the 

one-size-fits-all approach appears inappropriate and a shift towards DI can be observed 

(Lindner & Schwab, 2020). 

Further, the idea of promoting high-achieving students inside mixed-ability classrooms 

through DI involves various advantages. First of all, most high-achieving students are edu-

cated most of the time in mixed ability classrooms (Dreeszen, 2009; White et al., 2003; Yuen 

et al., 2018) and can therefore be challenged appropriately on a daily basis and not only during 

a short period of time, as is often the case with pull-out programs (Dreeszen, 2009; Gubbins, 

2013). Second, high-achieving students themselves, parents, as well as teachers supported 

the promotion in inclusive educational settings, whereas segregated promotion approaches 

such as special classes only received little support (Shayshon et al., 2014; Sparfeldt et al., 

2004). Third, including high-achieving students in mixed-ability classrooms can have positive 

effects for themselves as well as their not-as-high-achieving identified classmates (Ninkov, 

2020). Last but not least, a special advantage of the inclusive education of high-achieving 

students in mixed-ability classrooms is that the identification problem of high-achieving stu-

dents is no longer of such great importance. In the case of DI, the identification of high-

achieving students does not result in fixed long lasting high-stakes decisions (e.g., Acar et al., 

2016) with strong detrimental effects for misidentified high-achieving students. The assign-

ment of students to certain DI approaches is quite flexible compared to external differentiation 

measures, where assignment to special classes, for example, is quite fixed (Dumont, 2018). 
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Further, DI does not foster high-achieving students or not as high-achieving identified stu-

dents or low-achieving students, but it could be beneficial for all students in mixed-ability 

classrooms (Borland, 2005; Deunk et al., 2018; Puzio et al., 2020; Smale-Jacobse et al., 2019). 

Hence, high-achieving minority students (e.g., economically disadvantaged, ethnic minorities) 

who are less often labeled as high-achieving and therefore less often considered for special 

out-of-school promotion programs can also be supported within inclusive educational set-

tings (Maker, 1996; Moltzen, 2011). 

Regarding the effectiveness of DI, three current research syntheses and a literature review 

found positive effects on students’ achievement and emphasized the potential of DI in order 

to fulfill students individual needs (Bondie et al., 2019; Deunk et al., 2018; Puzio et al., 2020; 

Smale-Jacobse et al., 2019). However, as we know from the aptitude-treatment interaction 

research, positive effects found in the whole sample do not automatically hold true for a sub-

sample (e.g., high-achieving students; Connor et al., 2011; Cronbach & Snow, 1977). A sys-

tematic review on educational practices for high-achieving students found that DI positively 

influenced their cognitive outcomes. However, research support for DI was less clear com-

pared to other educational practices, such as dynamic feedback and self-regulated learning 

(Barbier et al., 2022). Accordingly, a systematic and comprehensive overview of research re-

garding the specific potential of DI for high-achieving students in mixed-ability classrooms is 

needed. 

Further, although DI is a key aspect of effective instruction and teachers in general appreciate 

DI’s potential for teaching, they also perceive difficulties while implementing it (Kahmann et 

al., 2022). In accordance with these perceived difficulties, we know from pivotal research from 

the 1990s that DI is not used on a regular basis for high-achieving students (Archambault et 

al., 1993; Westberg et al., 1993). This result was again confirmed at least for America in a 

more recent literature review (Reis & Renzulli, 2010). Hence, if DI is not regularly implemented 

for high-achieving students, it cannot unfold any existing potential. One factor that influences 

the (intended) use of instructional approaches are practitioners’ beliefs and expectations, 

such as the importance or usefulness of a certain approach (Bondie et al., 2019; Gebauer & 

McElvany, 2017; Trivette et al., 2012). Therefore, to create a broad picture of DI for high-

achieving students that goes beyond the impact of DI on high-achieving students’ outcomes, 

the frequency of use, the perceived utility, as well as barriers and facilitators for the successful 

implementation of DI should also be systematically investigated. 

3.4 Summary 

This chapter first described why high-achieving students were a neglected group in the edu-

cational context (e.g., misconceptions) for so long and have now moved more into focus (e.g., 

right to appropriate education for all students). Next, an overview of different support 

measures that can be used for high-achieving students in educational contexts was given. 

Thereby, the focus was on DI in mixed-ability classrooms. On the one hand, inclusive educa-

tion generally gained importance and now also includes high-achieving next to struggling 

students (García-Martínez et al., 2021; Lindner & Schwab, 2020; Tirri & Laine, 2017) and, on 

the other hand, promotion of high-achieving students through DI in mixed-ability classrooms 

can have several advantages (e.g., regular daily promotion). So far, many different theoretical 

models as well as teaching examples regarding the education of high-achieving students exist 
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(e.g., Kaplan, 1986; Maker & Schiever, 2010). However, the overall empirical evidence regard-

ing the promotion of high-achieving students and especially research regarding support 

measures inside mixed-ability classrooms is still sparse (Barbier et al., 2022; García-Martínez 

et al., 2021). It was argued that a systematic overview regarding the impact of DI on high-

achieving students’ achievement and motivational-affective outcomes is necessary as the 

treatment-aptitude interaction shows that results that are valid for the overall population do 

not automatically hold true for a certain subgroup (Connor et al., 2011; Cronbach & Snow, 

1977). Further, it is important to investigate the open question of which hindering and facili-

tating conditions for the successful implementation of DI exist (e.g., perceived utility) as ef-

fectiveness alone will not automatically cause successful implementation of DI in a lesson 

(Missett et al., 2014).  
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4 The Present Research 

Two main research fields of giftedness research were the starting point of the current research 

project: (1) classification of high-achieving students, including identification and characteri-

zation of high-achieving student subgroups and (2) individualized in-school support with a 

focus on promotion of high-achieving students within an inclusive educational setting through 

DI. Figure 2 summarizes the framework of the current dissertation and shows the added value 

in the giftedness research field of classification as well as individualized in-school support. 

These aspects are highly important from an individual and a societal perspective and are 

further underlined through a political resolution stating that dealing with heterogeneity is one 

crucial topic in the upcoming years in educational research and practice, which includes in-

dividualized support in heterogeneous learning groups focusing on struggling as well as high-

achieving students (KMK, 2016b). Thereby, a prerequisite for the appropriate promotion of 

high-achieving student subgroups, including the use of individualized strategies, is 

knowledge about the classification of high-achieving students and their characteristics and 

needs. As high-achieving students are not one homogeneous student group (Moltzen, 2011; 

Reis & Renzulli, 2009), a detailed description of the heterogeneity of different subgroups of 

high-achieving students is needed. The knowledge about the characteristics of high-achiev-

ing student subgroups supports “the selection of the most appropriate educational interven-

tions for the characteristics of each type of student” (Castejón et al., 2016, p. 167). In order 

to develop this knowledge about the heterogeneity of high-achieving students and to provide 

individualized promotion according to their needs, a multidimensional perspective on high-

achieving students is essential (e.g., Heller et al., 2005; Stoeger, 2009). Further, the descrip-

tion of high-achieving students’ heterogeneity and needs has only added value for the edu-

cational context if teachers actually adapt their instruction to their needs and offer individual-

ized in-school support (Dixson et al., 2020). 

For the investigation of this dissertation’s framework (Figure 2), different theoretical strands 

from intelligence research (e.g., Cattell, 1943), giftedness research (e.g., Heller et al., 2005; 

Stoeger, 2009), and educational research (i.e., Neidorf et al., 2006; Saß et al., 2017) are 

brought together. These theoretical perspectives are complemented with important method-

ological perspectives that are, on the one hand, more traditional (i.e., cut-off score approach; 

Carman, 2013; Neuendorf et al., 2022) and, on the other hand, more innovative (i.e., LPA 

approach; Mammadov et al., 2016) in the field of high-achieving students. Last but not least, 

the practical perspective is particularly emphasized through the investigation of DI as a prom-

ising support measure (Barbier et al., 2022; Deunk et al., 2018; Smale-Jacobse et al., 2019) 

for high-achieving students in mixed-ability classrooms. Thereby, different aspects with high 

practical relevance (i.e., impact on high-achieving students’ outcomes, frequency of use, per-

ceived usefulness, and barriers and facilitators for successful implementation) were consid-

ered. Accordingly, the superordinate research question (RQ0) is the following:  

RQ0: How can the multidimensional characteristics of high-achieving students be classified 

and appropriately taken into account through differentiated promotion in inclusive educational 

settings? 



 
 17  
 

In order to gain new insights and to close existing research gaps in the classification of high-

achieving students, a multidimensional perspective (i.e., domain-general achievement, do-

main-specific achievement, and motivational-affective characteristics) and two methodologi-

cal approaches were used (Paper A: Ziernwald, Schiepe-Tiska, & Reiss, 2022). The main aim 

was to describe the existing heterogeneity between high-achieving students through the iden-

tification of high-achieving student subgroups and to describe their varying characteristics in 

a second step. For the identification of the high-achieving student subgroups, the cut-off 

score and the LPA approach were used in order to see how these two methodological ap-

proaches agree in their findings and can thus be generalized. Accordingly, the following two 

research questions were investigated: (1) Do both methodological approaches (cut-off score 

and LPA approach) derive comparable high-achieving student subgroups (RQ1a) and (2) How 

can these subgroups be characterized regarding their motivational-affective characteristics 

(RQ1b)? 

To gain new insights and close existing research gaps regarding individualized in-school sup-

port measures, the promotion of high-achieving students in mixed-ability classrooms through 

DI was investigated (Paper B: Ziernwald, Hillmayr, & Holzberger, 2022). As DI aims to consider 

students’ differences while building on their commonalities (Tomlinson, 2001), this educa-

tional approach might be useful in an inclusive educational context in order to develop the full 

potential of all students, also including the high-achieving ones. To see, on the one hand, 

what is already known from research and which research gaps still exist regarding DI for high-

achieving students and, on the other hand, to derive implications for research and practice, a 

comprehensive, systematic mixed-methods review was conducted. Therefore, the impact of 

DI on high-achieving students’ achievement and motivational-affective characteristics as well 

as conditions regarding its implementation were investigated. Thus, four research questions 

regarding (1) the impact of DI on high-achieving students’ outcomes (RQ2a), (2) the extent of 

DI use (RQ2b), (3) the perceived usefulness of DI from teachers’ and high-achieving students’ 

perspective (RQ2c), as well as (4) barriers and facilitators while implementing DI for high-

achieving students (RQ2d) were addressed. 

A more detailed description of the two studies can be found in chapter 5 and the journal 

articles (Appendix A and B). Next to the current dissertation’s two leading publications, a 

practice-oriented brochure was published for teachers, politicians, and the interested public. 

Here, an overview of support measures of high-achieving students, including research find-

ings as well as information portals and training opportunities in the field of gifted education, 

were presented (Ziernwald et al., 2020). Through this practice-oriented brochure and different 

exchange formats with teachers and teacher educators, the research results obtained should 

also be taken into account and applied in educational practice. 
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Figure 2. Framework of the Current Dissertation. 
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5 Summary of Publications 

This dissertation contains two publications contributing to giftedness research from different 

perspectives and with different methodological approaches. Paper A aimed to identify high-

achieving student subgroups and investigate their heterogeneity from a multidimensional per-

spective. The paper was published in the international, peer-reviewed journal Learning and 

Individual Differences. The dissertation’s author is the first and corresponding author of the 

publication and was primarily responsible for the conceptualization, methodology, analysis, 

writing, and review of the publication (75%). The co-authors, Professor Dr. Anja Schiepe-

Tiska (20%) and Professor Dr. Kristina Reiss (5%) supported the different steps through dis-

cussion and added remarks and additions to the different sections of the paper.  

Paper B aimed to summarize and discuss existing research and reveal research gaps regard-

ing DI for high-achieving students, wherefore a systematic mixed-methods review was con-

ducted. The paper was published in the international, peer-reviewed journal Journal of Ad-

vanced Academics. The dissertation’s author is the first and corresponding author of the pub-

lication and was primarily responsible for the conceptualization, methodology, analysis, writ-

ing, and review of the publication (70%). The co-authors, Delia Hillmayr (10%) and Professor 

Dr. Doris Holzberger (10%) supported the different steps through discussion and added re-

marks and additions to the different sections of the paper. Delia Hillmayr and others (10%) 

further supported the screening and double-coding of the (included) primary studies. 

A summary of the two studies is provided below. A detailed description of the two studies is 

presented in the corresponding journal articles (see Appendix A and B). The discussion of the 

main findings, methodological strengths and limitations, as well as practical implications of 

the studies, can be found in chapter 6. 

5.1 Identification and Characterization of High-Achieving Student Subgroups 

(Paper A) 

Ziernwald, L., Schiepe-Tiska, A., & Reiss, K. M. (2022). Identification and characterization of 

high-achieving student subgroups using two methodological approaches: The role of different 

achievement indicators and motivational-affective characteristics. Learning and Individual Dif-

ferences, 100, Article 102212. https://doi.org/10.1016/j.lindif.2022.102212 

5.1.1 Research Aims 

Paper A takes as its starting point the paucity of research on how to identify and characterize 

high-achieving student subgroups and the extent to which different methodological classifi-

cation approaches (i.e., cut-off score approach, LPA approach) yield generalizable results 

(Acar et al., 2016; Carman, 2013; Neuendorf et al., 2022). This research gap was clarified 

through the description of the different identification indicators, as well as identification meth-

ods used and how this influences the ability to generalize results. Therefore, a multidimen-

sional perspective on high-achieving students was chosen (e.g., Heller et al., 2005; Stoeger, 

2009). Besides domain-general and domain-specific achievement indicators (e.g., Cattell, 

1943), domain-general and domain-specific motivational-affective characteristics (e.g., Gut-

man & Schoon, 2013) were also considered. For the domain-specific achievement indicators, 

mathematics was chosen, as it offers a particularly valuable complement to domain-general 

https://doi.org/10.1016/j.lindif.2022.102212
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achievement (i.e., fluid intelligence). On the one hand, the mastery of complex quantitative 

reasoning becomes increasingly important for a large number of educational and occupa-

tional purposes (Dowker et al., 2016; OECD, 2018) and can be considered as an essential 

condition of social participation and lifelong learning (Ehmke et al., 2020). On the other hand, 

if one domain-specific area was used to operationalize high-achieving students, mathematics 

is by far the most often chosen domain (Neuendorf et al., 2022). 

The first goal of Paper A was to investigate to what extent the cut-off score and the LPA 

approach using three different achievement indicators (i.e., application-oriented mathematical 

competence, curriculum-oriented mathematical competence, and figural reasoning) result in 

comparable, and therefore generalizable subgroups of high-achieving students (RQ1a). The 

second goal was to characterize the different detected high-achieving student subgroups re-

garding their motivational-affective characteristics (i.e., perseverance, mathematics self-effi-

cacy, interest, and instrumental motivation) in more detail (RQ1b). With these two main re-

search questions, the paper aimed to contribute to the description of the heterogeneity of 

high-achieving students and to sensitize regarding the consequences of selecting certain 

methodological approaches and indicators to identify high-achieving student subgroups. The 

description of the heterogeneity between high-achieving student subgroups and how they 

can be characterized through achievement indicators and motivational-affective characteris-

tics should facilitate individualized and appropriate gifted education (Castejón et al., 2016). 

5.1.2 Methodology 

To answer the first research question of whether the cut-off score and the LPA approach 

result in comparable high-achieving student subgroups, and also the second research ques-

tion of which characteristics these different subgroups of high-achieving students have, a 

large dataset with a broad range of high-achieving students is useful. As the PISA study is 

“the most comprehensive and rigorous international programme to assess student perfor-

mance and to collect data on the student, family and institutional factors that can help explain 

differences in performance” (OECD, 2019a, p. 13), this dataset was appropriate for answering 

our research questions. Thereby, the PISA 2012 dataset has a special advantage, as a linkage 

to the German NAS, which investigated curriculum-based competences and figural reasoning 

was possible (Pant et al., 2013). 

Our final sample consisted of N = 1563 high-achieving 9th graders (45.6% females, 78.7% 

attending the highest German school track), with a mean age of M = 15.30 years (SD = 0.46). 

Data collection took place on two consecutive days. On the first day, PISA’s mathematics 

test and the background questionnaire–including the motivational-affective characteristics–

were administered, followed by the NAS’ mathematics test and figural reasoning on the sec-

ond day. 

Figure 3 displays the three main analysis steps, beginning with detecting subgroups through 

the cut-off score (Step 1a) and the LPA approach (Step 1b). In Step 2, we used 50 imputed 

data sets to analyze the high-achieving student subgroups’ motivational-affective character-

istics with regression analyses. 
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Figure 3. Analysis Steps for the Identification and Characterization of High-Achieving Student 

Subgroups. 

5.1.3 Main Results 

Valuable empirical insights from a theoretical, methodological and practical perspective were 

gained. The direct comparison of the two methodological approaches showed that, at an 

aggregated level, the four largest subgroups of high-achieving students (i.e., Top Performers, 

Overachievers, Underachievers, Operators) were identified through both approaches. How-

ever, at an individual level, the overlap is 59%. This medium overlap was found regardless of 

whether the 5-profile or 7-profile solution was used in the LPA approach and leads to the 

assumption that the cut-off score and the LPA approach cannot be used interchangeably for 

a considerable part of high-achieving students at the individual level. 

From a content perspective, the large heterogeneity within the sample of high-achieving stu-

dents is remarkable. All three achievement indicators showed a large range of values, and 

different relationships between the achievement indicators across high-achieving student 

subgroups were observed. This heterogeneity in the achievement indicators is also reflected 

through the motivational-affective characteristics, which supports the assumption that high-

achieving students are not a homogeneous group and a multidimensional perspective is nec-

essary and beneficial. 

5.2 Promotion of High-Achieving Students through Differentiated Instruction 

(Paper B) 

Ziernwald, L., Hillmayr, D., & Holzberger, D. (2022). Promoting high-achieving students 

through differentiated instruction in mixed-ability classrooms–A systematic review. Journal of 

Advanced Academics, 33(4), 540–573. https://doi.org/10.1177/1932202X221112931 

https://doi.org/10.1177/1932202X221112931


 
 22  
 

 

5.2.1 Research Aims 

Paper B systematically and comprehensively summarized, analyzed, and discussed the ex-

isting research regarding DI for high-achieving students in mixed-ability classrooms. The 

starting points were various theoretical contributions regarding the usefulness of DI (e.g., 

Kaplan, 1986; Maker & Schiever, 2010; Tomlinson, 2001), empirical research syntheses em-

phasizing the potential of DI for students in general (e.g., Bondie et al., 2019; Deunk et al., 

2018; Smale-Jacobse et al., 2019), and a diverse set of primary studies, investigating DI for 

high-achieving students from different perspectives. 

The main goal of the systematic mixed-methods review was to gain a comprehensive over-

view regarding the impact of DI on high-achieving students’ educational outcomes (RQ2a) and 

the conditions for successful DI implementation for high-achieving students in mixed-ability 

classrooms (RQ2b, RQ2c, RQ2d). Accordingly, empirical knowledge regarding the impact of DI 

on high-achieving students’ achievement and motivational-affective outcomes as well as im-

plementation conditions of DI, were contributed. 

5.2.2 Methodology 

Research syntheses are an appropriate method for gaining a comprehensive overview of a 

research field and for detecting possible research gaps (Beelmann, 2014). Figure 4 displays 

the four main analysis steps of the conducted systematic mixed-methods review. The first 

step was a comprehensive literature search, including database searches, a hand search, and 

a snowball search resulting in overall N = 7736 hits. For the second step, we screened the 

title and the abstract of each detected study from the database and hand search and included 

or excluded the study based on predefined inclusion and exclusion criteria. Studies which 

passed step two were checked again in step three with the full text regarding their eligibility. 

If a study was eligible, the relevant information to answer the research questions was ex-

tracted. In the fourth step, we calculated effect sizes and conducted thematic syntheses for 

the different research questions with N = 49 primary studies. Fifteen studies contributed to 

RQ2a, 12 studies contributed to RQ2b, 13 studies contributed to RQ2c, and 22 studies contrib-

uted to RQ2d. 

 

Figure 4. Main Steps of a Systematic Review. 

As the aim was to gain the most comprehensive overview of DI for high-achieving students, 

and as the four different research questions required different perspectives (e.g., objective 

test results vs. subjective opinions), a systematic mixed-methods review was conducted. This 
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type of review includes qualitative, quantitative, and mixed-methods primary studies and 

therefore allows the use of contributions and advantages of the qualitative and the quantita-

tive methods. Thus, complex research questions can be answered in more detail and more 

completely (Heyvaert et al., 2013). 

5.2.3 Main Results 

Regarding the impact of DI on high-achieving students, it can be stated that DI is a promising 

approach for education in mixed-ability classrooms regarding achievement and motivational-

affective characteristics. Further, it was found that DI is not used proactively and regularly for 

high-achieving students in mixed-ability classrooms. However, teachers and high-achieving 

students themselves rated DI predominantly as useful and appropriate for the promotion of 

high-achieving students. This discrepancy between the relatively low frequency of usage and 

the high subjective usefulness can possibly be explained by the various barriers (e.g., lack of 

resources, misconceptions, focus on struggling students) the school staff stated when imple-

menting DI for high-achieving students in mixed-ability classrooms. In addition to these bar-

riers, facilitators for the implementation of DI in mixed-ability classrooms were detected. 

Leadership support and professional staff development, for example, might help to overcome 

the mentioned barriers and better realize DI’s potential for high-achieving students in mixed-

ability classrooms. 
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6 Discussion 

This research project investigated the classification and individualized in-school promotion of 

high-achieving students innovatively and comprehensively. A multidimensional perspective 

on high-achieving students with different achievement indicators as well as motivational-af-

fective characteristics was used to describe high-achieving students’ heterogeneity. In con-

trast to previous studies, which used either a cut-off score or an LPA approach, these two 

approaches were compared based on one sample. Further, through the systematic mixed-

methods review, the research field of DI and high-achieving students was structured compre-

hensively. On the one hand, evidence regarding (1) the mainly positive impact on high-achiev-

ing students’ outcomes, (2) the expandable frequency of use, (3) the high perceived utility, 

and (4) barriers (e.g., teachers’ misconceptions) as well as facilitators (e.g., professional staff 

development) for its implementation, was found. On the other hand, research gaps (e.g., spe-

cific features of DI approaches), where future primary studies can start to develop high-

achieving students’ education further were revealed. Below, the main findings are discussed 

and placed within the current state of giftedness research. Further, strengths and limitations 

of the current research project as well as future directions for research and practical implica-

tions for gifted education are outlined. 

6.1 Discussion of the Main Findings 

The current research project contributed to the superordinate research question of how the 

multidimensional characteristics of high-achieving students can be classified and appropri-

ately taken into account through differentiated promotion in inclusive educational settings. 

First, the two methodological approaches, namely the cut-off score and the LPA approach, 

were compared in order to classify high-achieving students into subgroups and describe their 

multidimensional characteristics. It was shown that both approaches detected on an aggre-

gated level the four largest–and therefore for educational practice most relevant–high-achiev-

ing student subgroups from the cut-off score approach, namely Top Performers, Overachiev-

ers, Underachievers, and Operators. The first three subgroups were already known from pre-

vious research (e.g., Agaliotis & Kalyva, 2019; Hofer & Stern, 2016; Leikin et al., 2017). The 

smaller subgroups from the cut-off score approach (i.e., Learners, Wise Learners, and Wise 

Operators) were almost completely merged into the LPA Overachiever subgroup. At an indi-

vidual level, the relationship between the two methodological approaches can be rated as 

quite high (Carmer’s V = 0.67; Cohen, 1977). Nevertheless, 41% of the students were as-

signed to different subgroups at an individual level.  

As the classification of high-achieving students and the assignment into certain subgroups 

can have important consequences (Acar et al., 2016), the influence of the method should 

always be kept in mind, especially when making decisions at the individual level. Both meth-

odological approaches showed advantages and might be more appropriate depending on the 

application context. The cut-off score approach identified more qualitatively different high-

achieving student subgroups and resulted in subgroups where each individual represents the 

overall achievement pattern of the respective subgroup. Therefore, if high-achieving students 

should be distributed to promotion programs that focus on different achievement areas (e.g., 

mathematics vs. general reasoning), the cut-off score approach might produce more appro-

priate subgroups. The LPA approach identified, in addition to qualitatively different high-
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achieving student subgroups, subgroups that differed regarding their level (Underachiever 1 

vs. Underachiever 2). Thereby, subgroups were created to be as homogeneous as possible 

across the three achievement indicators, even if this means that not every individual repre-

sents the overall achievement pattern of the subgroup. This division into subgroups is partic-

ularly relevant in educational practice when high-achieving students should be assigned to 

different promotion programs that focus on different achievement levels across domains (e.g., 

mathematics and general reasoning program but at different levels). 

In addition to these methodological and practical conclusions, this research project also pro-

vided remarkable evidence regarding the theoretical assumption that high-achieving students 

should be characterized through a multidimensional perspective. These results counter the 

misconception that high-achieving students show high achievement in all areas (Sak, 2011; 

Tirri & Laine, 2017). If the misconception had been true, only one subgroup, namely our Top 

Performer subgroup, that showed high achievement across all achievement indicators and 

the most positive motivational-affective characteristics would have been detected. However, 

this subgroup consistently contained across both methodological approaches only approxi-

mately one quarter (cut-off score: 25.40%, LPA: 23.35%) of the whole high-achieving student 

sample. The other subgroups showed qualitative shape and quantitative level differences 

from this Top Performer subgroup. The existence of these different high-achieving student 

subgroups and the partially large heterogeneity across subgroups within achievement indica-

tors empirically contradict the myth that high-achieving students are one homogeneous group 

(Moltzen, 2011; Reis & Renzulli, 2009). 

This heterogeneity in the achievement indicators was also reflected in the motivational-affec-

tive characteristics. As the Top Performers, characterized through high domain-general po-

tential and high domain-specific achievement, showed also the most positive motivational-

affective characteristics, theoretical conceptions that suggest that motivational-affective 

characteristics influence if potential transfers into manifest achievement (e.g., Cross & Cross, 

2017; Heller et al., 2005) are empirically supported. However, as no experimental or longitu-

dinal design was used, causal interpretations are not possible. Nevertheless, Top Performers 

can be considered as a target state for ideal educational promotion, as multidimensional ed-

ucational goals, including achievement and motivational-affective characteristics as im-

portant student outcomes (Schiepe-Tiska, 2019), are fulfilled. 

Following these strong results regarding the heterogeneity of high-achieving students regard-

ing their achievement and motivational-affective characteristics, the question arises how 

these differences can be taken into account in inclusive educational settings as the one-size-

fits-all approach, that is often used to date, appear inappropriate (Borland, 2005; Lindner & 

Schwab, 2020). As DI takes into account students differences while building on their com-

monalities (Tomlinson, 2001), it seems like a promising approach. This research project sup-

ports this idea, as, despite the heterogeneity of effects, a mainly positive impact of DI on high-

achieving students’ achievement and motivational-affective characteristics was found. This 

is in accordance with previous studies that found positive impacts on students in general 

(Deunk et al., 2018; Smale-Jacobse et al., 2019) as well as a current systematic review that 

summarized effective educational practices for high-achieving students in mixed-ability class-

rooms (Barbier et al., 2022). 
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Besides the empirical support for a mainly positive impact of DI on high-achieving students’ 

outcomes, a further central added value is that different conditions for a successful imple-

mentation of DI for high-achieving students in mixed-ability classrooms were considered. It 

was found that, despite the positive appraisal of DI as a useful support measure for high-

achieving students, this approach is not used proactively and regularly. Hence, the most often 

mentioned facilitator regarding DI for high-achieving students in the current research project, 

namely professional staff development, is discussed in more detail. It might help teachers to 

implement DI more often and therefore help to unfold its potential for high-achieving students 

in mixed-ability classrooms.  

On the one hand, we know that gifted education is difficult and teachers cannot do it on their 

own without any support (Kahmann et al., 2022; Sisk, 2009). On the other hand, a survey in 

the United States showed that out of 48 participating states, only three states indicated that 

university courses in gifted education are mandatory for all preservice teachers (Rinn et al., 

2020). In order to get a better picture how effective professional staff development in the 

context of DI is for teacher and student outcomes, a current meta-analysis summarized 27 

studies (Kahmann et al., 2022). The main results showed that professional staff development 

significantly improved teachers’ knowledge, attitudes and DI practices. However, no signifi-

cant direct effect on students’ learning outcomes was found. Thus, further research is needed 

how professional staff development should be designed to also affect students’ outcomes 

(Kahmann et al., 2022). Another potential of professional staff development is to overcome 

teachers’ misconceptions (e.g., high-achieving students do it on their own) through refutation 

texts that take up certain misconceptions and counter them through information from, for 

example, empirical studies (Lassonde et al., 2016; Menz et al., 2021). Thereby, not only high-

achieving students in general, but also the different high-achieving student subgroups might 

be a good starting point in order to differentiate instruction appropriately for this heterogene-

ous group of students. So far, special interventions for the subgroup of Underachievers exist 

and were also investigated regarding their effectiveness (Steenbergen-Hu et al., 2020). For 

other high-achieving student subgroups, there is still a lack of research. 

Below, the two main research fields of the dissertation framework are discussed from a 

broader educational perspective. Regarding the research field of classification, the question 

of whether it is even necessary to identify and classify high-achieving students or whether we 

should comply with James Borland (2005, p. 1), who claims for “Gifted Education Without 

Gifted Children” is discussed. Regarding the research field of individualized in-school sup-

port, from the perspective of educational justice, the question of whether we should claim for 

special education for high-achieving students, although it may widen the achievement gap, is 

addressed. 

6.2 Classification of High-Achieving Students – Is it Really Necessary? 

When reading through the giftedness literature, many different opinions occur on how high-

achieving students should be identified and even if it is necessary to have a (common) defini-

tion of these individuals (Borland, 2005; Carman, 2013; Coleman, 2004; Merry, 2008). On the 

one hand, Borland (2005, p. 1), for example, stated that the aim is to have “gifted education 

without gifted children”. He thereby claims that he advocates appropriate gifted education 

but that this does not need the identification and labeling of high-achieving students. Rather 
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the consideration of all individual needs of students independent of their classification is 

needed. Through DI, the individual needs of all students, independent of their label as high-

achieving or not-as-high-achieving identified, could be fostered (Borland, 2005). On the other 

hand, researchers claim that for the research field and the educational practice, the use of 

some definition of high-achieving students is necessary and even non-debatable (Coleman, 

2004; Merry, 2008). Without a common definition, the coherence within this research field is 

questionable and might lead to non-generalizable results between different studies (Carman, 

2013; Neuendorf et al., 2022). 

A very broad but well-known and widely accepted definition is the one from the Marland re-

port in the 1970s, stating that  

gifted and talented children are those identified by professionally qualified persons 

who by virtue of outstanding abilities, are capable of high performance. These are 

children who require differentiated educational programs and/or services beyond 

those normally provided by the regular school program in order to realize their contri-

bution to self and society. (Marland, 1971, p. 8) 

In an ideal world, all students are considered individually and are nurtured according to their 

individual needs at this exact moment. From a practical teacher perspective, this individual-

ized consideration is very cumbersome and the reduction of heterogeneity through the clas-

sification of students is necessary in order to remain capable of acting and fostering the learn-

ing of the whole diverse student group (Howard & Hoffman, 2018; Trautmann & Wischer, 

2011). In order to find a balance between the criticized simplistic dichotomization of high-

achieving versus not-as-high-achieving identified students and the fully individualized per-

spective, the current research project detected different high-achieving student subgroups.  

Thereby, clearly distinguishable subgroups of high-achieving students through both method-

ological approaches were found that differed regarding their achievement and motivational-

affective characteristics. Due to their partially very different characteristics, they also require 

different support measures. Hence, the findings supported the statement that a dichotomiza-

tion between high-achieving versus not-as-high-achieving identified students is too simplis-

tic. Further, the methodological approach and the identification indicators used are sensitive 

to different characteristics of high-achieving students and can therefore influence which stu-

dents are labeled as high-achieving in which domain. To sum up, knowledge that there are 

different high-achieving student subgroups and how they can differ from each other is gained. 

However, allocating students to these different subgroups is not easy and might differ de-

pending on the method used. Researchers and practitioners should be sensitized regarding 

this knowledge. 

6.3 Gifted Education—Praise or Malice for the Education System 

With the knowledge of high-achieving student subgroups’ strengths and weaknesses regard-

ing their achievement and motivational-affective characteristics, a next step is to think about 

the appropriate educational promotion of these subgroups to serve their individual needs 

(Borland, 2005). With regard to the appropriate education for high-achieving students, one 

often heard criticism is that specific support measures for high-achieving students are elitist 

and unfair (Kunze et al., 2019; Merry, 2008; Plucker & Callahan, 2020). Fairness was often 
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used as a synonym for equality, whereby the idea that fairness implies teaching all children in 

the same way (one-size-fits-all approach) occurred (Cooper, 2009). In contrast, fairness can 

also be seen as appropriate challenge for all students, independent of their ability. Thereby, 

appropriate challenge can be defined as the state where students receive tasks that enable 

individual growth regarding their abilities and get enough support in order to master these 

tasks (Merry, 2008). According to this definition and the opinion of different researchers, ed-

ucational justice does not mean the same education for all students but the same chance for 

all students to get appropriate education (Borland, 2005; Moltzen, 2011) even though this 

might imply a widening achievement gap (Gagné, 2005). Thus, due to the neglect of high-

achieving students with regard to promotion approaches in educational settings, first the 

added value and necessity of gifted education at an individual and a societal level are dis-

cussed. Second, the importance of considering high-achieving students’ differences and not 

seeing them as one homogeneous group is underlined. 

In contrast to the myth that gifted education is elitist and high-achieving students do it on 

their own, the Marland report even included in its definition of high-achieving students that 

they need DI beyond the regular instruction in school. High-achieving students also face chal-

lenges in the educational context and cannot withstand educational disregard (Marland, 1971; 

Moon, 2009). To reinforce this point, Borland (2005) argued that without DI, high-achieving 

students are among those who are let down the most. Appropriate education is as important 

for high-achieving students as it is for their classmates, as they also need support to develop 

their full (academic) potential. If high-achieving students are underchallenged for a long period 

of time, various negative consequences such as a decrease in their motivation and achieve-

ment might occur (KMK, 2015). Inappropriate education leads to high-achieving students’ 

disengagement and that in turn causes them to stop performing. Thus, one recommendation 

is to provide DI with, for example, choice and challenge (Kanevsky & Keighley, 2003). If in-

struction contains meaningfulness and appropriate challenge, it is worth being motivated and 

pursuing (Little, 2012). “Hence, educational attainment or success in school is directly tied to 

the level of motivation children experience vis-a-vis the sorts of educational tasks and pro-

jects they are given” (Merry, 2008, p. 59). 

Further, the promotion of high-achieving students could also benefit the people surrounding 

them and a society as a whole (Kahveci & Akgül, 2014; Merry, 2008; Ninkov, 2020). A higher 

percentage of high-achieving students could, for example, increase the educational achieve-

ment of a country (OECD, 2019b) and reduce skill shortages (Cappelli, 2015; European Centre 

for the Development of Vocational Training, 2016). Promotion of high-achieving students ben-

efits the whole society, as the development of their potential might enable them to take lead-

ing roles in society (Plucker & Callahan, 2020). However, when promoting high-achieving stu-

dents, one should consider that resources are limited, and that the promotion of high-achiev-

ing students should not be at the expense of their classmates.  

Further, high-achieving students should not be considered as one homogeneous group 

(Ziernwald, Schiepe-Tiska, & Reiss, 2022) that should receive the same educational approach. 

Ideally, one should find instructional approaches that promote all learners independent of their 

ability level and individual characteristics (Merry, 2008). According to this consideration and 

the point that educational justice and fairness in the current dissertation equal the under-

standing of an appropriate challenge for all students according to their individual needs and 
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not an equal one-size-fits-all approach, DI seems to be an appropriate educational strategy 

to promote high-achieving students (Barbier et al., 2022; Ziernwald, Hillmayr, & Holzberger, 

2022), while taking into account their different strengths and weaknesses. DI could promote 

high-achieving students in mixed-ability classrooms without harming their classmates with 

differing ability levels, as this instructional approach tries to consider the individual needs of 

all students (Merry, 2008; Tomlinson, 2001). Accordingly, DI has the potential to foster all 

students in mixed-ability classrooms and at the same time also account for the heterogeneity 

within high-achieving students (Borland, 2005; Deunk et al., 2018; Puzio et al., 2020; Smale-

Jacobse et al., 2019; Ziernwald, Hillmayr, & Holzberger, 2022). 

In order to achieve the aim of an appropriate promotion of high-achieving students, a rethink-

ing amongst researchers, practitioners, and policy-makers is necessary. This rethinking 

should consider, on the one hand, that high-achieving students are a student population that 

merit promotion and, on the other hand, that high-achieving students are not a homogeneous 

subgroup but have different strengths and weaknesses. To date, no clear legal regulations 

guiding gifted education exist. Therefore, we still need to argue for acknowledging the indi-

vidual differences of high-achieving students and the necessity of promoting them according 

to their individual needs and potential. Appropriate promotion through DI is important to reach 

educational justice for the individual and to fully use the human resources of a society (KMK, 

2015, 2016a; Ninkov, 2020). 

6.4 Methodological Considerations 

In this chapter, the used database and methods as well as the analytical decisions made in 

the current research project are discussed regarding their strengths and limitations. From this, 

recommendations for future research are derived. 

6.4.1 Methodological Strengths 

The current research project used a sophisticated database as well as methodological ap-

proaches, which helped to overcome methodological problems of previous research. In the 

following, the use of data from large-scale assessments such as PISA and NAS, and the cre-

ation of a systematic mixed-methods review are discussed. 

One commen criticism in giftedness research is that the investigated samples are small in size 

(e.g., García-Martínez et al., 2021; Rost, 1991; Ziernwald, Hillmayr, & Holzberger, 2022) and 

often very selective as study participants are part of special gifted programs. One possibility 

to evade these criticisms is to select high-achieving students from a large unselected sample 

in regular mixed-ability classrooms (Preckel et al., 2008). This was done in the current re-

search project as data from two large-scale assessments were used to answer the research 

questions about high-achieving students’ classification and characterization. The sample of 

high-achieving students was selected from a representative sample of 9th graders in Germany. 

As a result, the sample (N = 1563) was large for research in gifted education, including high-

achieving students found in regular mixed-ability classrooms. With this sample, the criticism 

to have a small and highly selective group of high-achieving students could be overcome. 

Thus, the results can be generalized and applied to a broader student population. 
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Further, various achievement indicators that might not be comparable are used across studies 

to identify and classify high-achieving students (Carman, 2013; Neuendorf et al., 2022). 

School grades, for example, which were used for the identification of high-achieving students 

in many previous studies (Neuendorf et al., 2022), are dependent on the context and, there-

fore, hardly comparable across different classes and schools (Bayer & Zinn, 2018) and there-

fore studies. In contrast, the current research project used standardized achievement indica-

tors, which can be compared across different grades, school types, and partially even across 

different countries (OECD, 2013a; Pant et al., 2013).  

Another strength of the current research project is the performance of a systematic mixed-

methods review, as it unites the potential of systematic research syntheses and mixed-meth-

ods approaches. The most obvious advantage is that research syntheses help to get an over-

view of the existing research and at the same time disclose research gaps in a certain research 

field, such as giftedness research. In recent years, this aspect has gained importance as the 

number of publications has increased (Beelmann, 2014; Holzberger & Ziernwald, 2020). Es-

pecially for practitioners, this advantage is highly relevant, as a perceived lack of time and 

sourcing skills positively influenced teachers’ irrelevance perceptions of research to their ed-

ucational practice (Thomm et al., 2021). Thus, research syntheses can help decrease the re-

searcher-practitioner-gap (Beelmann, 2014; Holzberger & Ziernwald, 2020). Further, through 

taking into account various primary studies, the results are based on a larger overall sample 

size. This advantage is especially helpful in giftedness research as it is often based on small 

samples (Rost, 1991). In addition to the general potential of research syntheses, mixed-meth-

ods research syntheses enable further advantages for giftedness research. By considering 

systematically qualitative, quantitative, and mixed-methods primary studies, research ques-

tions could be answered more comprehensively, specifically, and detailed. On the one hand, 

the strength of quantitative designs and, on the other hand, the strength of qualitative designs 

can be used. Additionally, the different research approaches can compensate for their re-

spective weaknesses (Heyvaert et al., 2013). With these advantages, the limitations of previ-

ous research syntheses on DI, stating that both quantitative and qualitative studies should be 

taken into account to gain an even more comprehensive picture of DI (Smale-Jacobse et al., 

2019), could be overcome. 

6.4.2 Limitations and Directions for Future Research 

Despite the methodological strengths and the findings, which close research gaps and have 

crucial practical implications, there are also limitations, which should be discussed and lead 

to directions for future research. First, Renzulli’s Three-Ring Conception of Giftedness (Ren-

zulli, 2005) mentions creativity, next to achievement and motivational-affective characteris-

tics, as worth investigating when characterizing high-achieving students. Accordingly, it was 

repeatedly claimed that the interplay between creativity, achievement, and intelligence should 

be discussed. Creativity can help contribute to innovations for society and is linked to many 

student characteristics such as intrinsic motivation and academic achievement (Gutman & 

Schoon, 2013; Hennessey, 2017; Renzulli, 2017). The current research project focused on 

different achievement indicators for the classification of high-achieving students into sub-

groups, as these are the most often used operationalizations of high-achieving students (Car-

man, 2013; Neuendorf et al., 2022; Ziernwald, Hillmayr, & Holzberger, 2022). However, with 

creative thinking being the innovative domain in PISA 2022 (OECD, 2019c), data from PISA 
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2022 with mathematics again as the main domain will offer a great opportunity to combine 

the strength of standardized achievement indicators for mathematical competence and figural 

reasoning of the current research project and the objective assessment of creative thinking 

for identifying and characterizing high-achieving student subgroups. Further, this data would 

also make it possible to expand the current findings by including, in addition to mathematics 

as a domain-specific indicator, other domains such as reading. Research on ability tilt, de-

fined as difference between mathematics and verbal achievement within an individual, 

showed that this tilt is associated with individuals’ educational and career choices (Coyle et 

al., 2014; Sadowski & Zawistowska, 2020). Hence, the inclusion of different domain-specific 

indicators while investigating high-achieving students’ strengths might be useful. 

Second, cross-sectional data to identify and characterize high-achieving student subgroups 

were used. Based on previous research regarding the stability of the investigated achieve-

ment indicators (e.g., Holenstein et al., 2021; Larsen et al., 2008; Yu et al., 2018), one can 

reasonably assume that the subgroups detected are quite stable throughout the school ca-

reer. Despite this evidence for stability, there is research that points towards another interest-

ing development of high-achieving students’ achievement. Their achievement is often com-

pared to other not-as-high-achieving identified students. Thereby, research found incon-

sistent results if a Matthew effect, a compensatory effect, or a stable pattern exists (e.g., 

Baumert et al., 2012; Pfost et al., 2014). A recent study by Neuendorf et al. (2020) found 

support for the compensatory effect for high-achieving students in mathematics and reading 

from grades 5 to 9. Hence, one implication of the authors was that future studies should focus 

on applying DI for high-achieving students and investigate if this influences high-achieving 

students’ achievement trajectories differently (Neuendorf et al., 2020). In order to have a 

closer look at the stability of high-achieving student subgroups, further research might benefit 

from latent transition analysis. Here, class probabilities for the initial measurement and prob-

abilities for the transition from the initial classes to classes to a later measurement time are 

defined (Hickendorff et al., 2018). With this model, one could investigate if students move 

between the identified subgroups of high-achieving students and, if yes, the transitions be-

tween which subgroups are most common. This additional information might be interesting 

itself and also for the promotion of high-achieving students. Do children show similar individ-

ual needs once identified or do the characteristics and individual needs change over time? If 

teachers are aware of different subgroups and student transitions between them, it can facil-

itate appropriate DI in their lessons (Schlatter et al., 2021). 

The third limitation of the current research project is the fact that the impact of DI was inves-

tigated on high-achieving students in general (Ziernwald, Hillmayr, & Holzberger, 2022) and 

not on specific high-achieving student subgroups. This can be seen as problematic as one 

central conclusion of this dissertation is that high-achieving students are not a homogeneous 

group and their individual differences should be considered for gifted education (Ziernwald, 

Schiepe-Tiska, & Reiss, 2022). The summarized primary studies in the current research pro-

ject used different identification approaches (i.e., standardized tests, teacher recommenda-

tions, or multiple methods) that may have resulted in different high-achieving student sub-

groups. However, the number of included studies was not large enough to make specific 

moderator analyses based on the different detected subgroups. Hence, the specific impact 
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of educational interventions on high-achieving student subgroups is still an important re-

search gap that should be investigated in the future. A meta-analysis, for example, found that 

the differences in the perceived academic competence and the global self-concept between 

high-achieving and not-as-high-achieving identified students varied, depending on the iden-

tification method used for high-achieving students (Litster & Roberts, 2011). This result is in 

accordance with the current research project that claims that the identification method used 

results in different subgroups of high-achieving students, which may differ from each other 

extensively. 

Fourth, in accordance with previous reviews in the field of giftedness education (e.g., Barbier 

et al., 2022; García-Martínez et al., 2021) and the third limitation, a lack of studies with high 

methodological standards was found and studies widely differed regarding their conceptual-

izations of the DI approaches and the identification of high-achieving students. Accordingly, 

more primary studies with high methodological standards in the field of giftedness research 

with practical implications for gifted education are needed. With this additional knowledge, 

future reviews may be able to explain which specific aspects of DI are particularly effective 

for which high-achieving student subgroup and further elucidate the heterogeneous impacts 

found. Hence, this research project detected key research gaps that provide important start-

ing points for future research in order to advance the field of giftedness research in a targeted 

manner. 

6.5 Practical Implications 

In addition to implications for giftedness research, practical implications for the education of 

high-achieving students are provided. Both studies in the current research project focused 

on a broad sample of high-achieving students, wherefore the results are generalizable to a 

broader population and not just to a very specific small group (e.g., students with an IQ score 

higher than 130). The heterogeneity amongst this broader high-achieving student sample and 

that DI could be an appropriate approach towards fostering them according to their individual 

needs was demonstrated. Therefore, one main aim of this dissertation is to sensitize research-

ers, politicians, and especially teachers regarding the heterogeneity of high-achieving stu-

dents. The achievement and motivational-affective characteristics play an important role in 

taking their individual needs for education into account in order to help them fulfill their full 

potential.  

This sensitization is one important prerequisite for the development of teachers’ professional 

competences for the education of high-achieving students. Teachers’ beliefs, values, and 

motivational orientations about DI are crucial success factors for its implementation (Jäger, 

2019). The results of the current research project show that teachers and students perceived 

DI for high-achieving students as useful and that their beliefs were quite positive. On the other 

hand, sensitization is not enough to systematically develop professional competences (Kunze 

et al., 2019). When German teachers were asked if approaches for individualized learning 

were part of their teacher training, more than a third of the responding teachers said no, and 

less than two-thirds said yes (Mang et al., 2021). Therefore, following one of the findings of 

the systematic mixed-methods review, professional development for student teachers and 

teachers is an essential field of action.  
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However, it is also crucial to remember that individualized promotion of high-achieving stu-

dents and students in general cannot be the task of one teacher alone. On the one hand, 

teachers are essential stakeholders, and without them, the implementation of individualized 

learning environments is impossible. However, on the other hand, this implementation could 

only succeed if the school as a whole supports this task and the individual teacher (Arndt et 

al., 2014; Jäger, 2019). This is in accordance with the aspect of leadership support that was 

found as one facilitating factor for implementing DI for high-achieving students in mixed-abil-

ity classrooms. Only if the importance of the promotion is paired with the availability of the 

corresponding material resources and teacher competences in this regard, the promotion of 

high-achieving students through DI can succeed.  

One further conceivable way of supporting the classroom teacher in inclusive educational 

settings is to work in multiprofessional teams as is known from inclusive education with dis-

advantaged children (Wocken, 2019). One five-layered model reflecting the inclusive educa-

tion in schools indicates students with their individual needs as the innermost layer. Therefore, 

the heterogeneity of students and the knowledge about their respective strengths and weak-

nesses is essential. This innermost layer is followed by inclusive instruction such as through 

DI taking students’ differences into account. The third layer contains multiprofessional teams 

(Gebhardt & Heimlich, 2018), which are seen as key characteristic of inclusive education 

(Wocken, 2019) and good inclusive schools (Arndt et al., 2014). Different cooperations through 

multiprofessional teams are conceivable. On the one hand, team teaching with two teachers 

who conduct the instruction for all students is possible. On the other hand, special needs 

teachers, school psychologists or learning therapists can support the leading teacher through 

supporting individual students in the classroom (Verband Bildung und Erziehung, 2016). One 

further advantage of teaching in multiprofessional teams, in addition to the provision of relief, 

is the opportunity to reflect on one’s own instruction, which is of high importance, especially 

for inclusive education (Arndt et al., 2014). Thus, multiprofessional teams should not only in-

clude experts for disadvantaged students, but also experts in gifted education in order to also 

meet high-achieving students’ needs and ideally foster their potential. The fourth layer of the 

inclusive education model relates to school conceptions and school life, and the fifth layer to 

networking with the school environment (Gebhardt & Heimlich, 2018). 

Another option that can help relieve teachers and still support high-achieving students ap-

propriately according to their potential is the use of digital media. One crucial advantage of 

digital media is the opportunity to individualize instruction (Leutner, 2002). Research synthe-

ses summarizing the effects of intelligent tutoring systems, which are characterized by the 

fact that they adapt to the students’ individual requirements and provide individualized in-

struction, showed positive effects on students’ achievement compared to instructor-led 

large-group instruction, individual work with textbooks, as well as learning without digital me-

dia. Positive effects were found across different grades and subjects (Hillmayr et al., 2020; 

Ma et al., 2014). Further, computer-based DI positively affected students cognitive achieve-

ment (Deunk et al., 2018). However, there is still a lack of research regarding the effectiveness 

of computer-based DI for high-achieving students and the use of digital media for subgroups 

of high-achieving students (Deunk et al., 2018; Periathiruvadi & Rinn, 2012). Nevertheless, this 

research project provided further hints that computer-based DI is also useful for high-achiev-

ing students (Ziernwald, Hillmayr, & Holzberger, 2022). 
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Last but not least, extracurricular measures—although they were not in the focus of the cur-

rent dissertation—should be seen as an important complement to the promotion of high-

achieving students in inclusive educational settings (e.g., García-Martínez et al., 2021; Ol-

szewski-Kubilius, 2009). Thereby, mentoring can be seen as one very successful measure in 

gifted education that could especially influence the interest in a certain field, such as STEM 

(Stoeger et al., 2016; Stoeger et al., 2017). This positive impact on motivational-affective char-

acteristics can be considered at least as relevant as a positive impact on achievement. For 

example, in the context of skills shortages, motivational-affective characteristics in particular 

can influence which field of study one chooses (e.g., Taskinen et al., 2013). Hence, the de-

tected high-achieving students’ heterogeneity is not only relevant for inclusive educational 

settings but also for extracurricular measures. Depending on the high-achieving students’ 

individual potential and needs, the support measure in the educational context, including sup-

port measures within educational settings as well as extracurricular approaches, should be 

considered.  
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7 Conclusion 

The classification and individualized in-school support of high-achieving students in educa-

tional contexts has gained attention in recent years. This dissertation addressed these two 

main research fields and thereby tackled repeatedly mentioned challenges from research and 

practice. In summary, the dissertation helps to counter long-held misconceptions from lay-

people and academics regarding high-achieving students (e.g., high-achieving students are 

gifted in all areas, high-achieving students do it on their own) in educational contexts. A mul-

tidimensional perspective including both domain-general and domain-specific achievement 

indicators as well as motivational-affective characteristics is necessary for identifying the het-

erogeneous characteristics and needs of high-achieving students in an appropriate manner. 

By addressing high-achieving students’ needs and by providing individualized in-school sup-

port through DI in inclusive educational settings, high-achieving students receive the attention 

they deserve as a long-neglected student group. With this individualized and inclusive ap-

proach, the labeling of high-achieving students can be de-emphasized and the promotion 

programs can be designed more inclusive for a broader student population. Hence, this dis-

sertation helps to realize the full potential of high-achieving and potentially high-achieving 

students and thus helps to promote one of the most important human resources of a society. 
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A B S T R A C T   

How high-achieving student subgroups are identified is widely discussed. Studies use different domain-general 
and domain-specific achievement indicators and methodological approaches. Traditional research included 
cut-off scores, which have been criticized as arbitrary. Recently, latent profile analyses have been used more 
often. The present study compared these approaches regarding their overlap to investigate their interchange-
ability. Afterwards, high-achieving student subgroups were characterized by their motivational-affective char-
acteristics. Data from N = 1563 high-achieving students were investigated. We used three achievement 
indicators (two mathematical competences and figural reasoning) for identification and four motivational- 
affective characteristics for characterization. The four largest high-achieving student subgroups were found 
through both approaches. However, the two methodological approaches could not be used interchangeably. 
Large heterogeneity in achievement indicators and motivational-affective characteristics existed across the 
subgroups. Top Performers have been identified as the target state for education, as they showed high scores on 
all achievement indicators and the most positive motivational-affective characteristics.   

1. Introduction 

One of the most dangerous and incorrect myths in gifted education is 
considering high-achieving students as one homogeneous group (Reis & 
Renzulli, 2009). High-achieving students are a many-faceted group with 
different potentials and competences in different achievement and 
motivational-affective areas. This heterogeneity is also reflected in 
multidimensional models describing high-achieving students. Multidi-
mensionality is represented through (a) different achievement in-
dicators and (b) that next to achievement indicators, motivational- 
affective characteristics are considered (Heller et al., 2005; Stoeger, 
2009). Consequently, research has shifted its focus from investigating 
high-achieving students in general to examining high-achieving student 
subgroups specifically (Stoeger, 2009). 

High-achieving students are identified using domain-general and 
domain-specific achievement indicators (Neuendorf et al., 2022). A 
study by Lohman et al. (2008) revealed that high-achieving students 

showed a larger intraindividual heterogeneity in achievement indicators 
compared to average-achieving students. A common distinction be-
tween achievement indicators is fluid versus crystallized intelligence. 
Fluid intelligence is defined as a “purely general ability to discriminate 
and perceive relations” and can thus be seen as domain-general 
achievement. Crystallized intelligence, in contrast, is defined as 
“discriminatory habits long established in a particular field” and can 
thus be seen as domain-specific achievement, such as mathematical 
competence (Cattell, 1943, p. 178). In the field of talent development, 
domain-general achievement indicators are often described as students' 
potential, and domain-specific achievement indicators are often 
described as manifest achievement in a certain domain (e.g., Heller 
et al., 2005; Preckel et al., 2020; Subotnik et al., 2011). 

From a methodological perspective, traditionally, high-achieving 
student subgroups were identified using cut-off scores that separate a 
continuous variable into two categorical parts. These cut-off scores can 
easily be implemented in educational research and practice (e.g., de 
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Jonge et al., 2020; National Association for Gifted Children, 2010). 
However, from a research perspective, cut-off scores are criticized as 
relatively indiscriminate (de Jonge et al., 2020). Alternatively, latent 
profile analysis (LPA) was introduced as a person-centered approach 
that groups individuals into homogeneous subgroups (Hickendorff et al., 
2018; Lazarsfeld & Henry, 1968; Mammadov et al., 2016). Both ap-
proaches have advantages and disadvantages (e.g., simply applicable vs. 
no arbitrary cut-off score needed) and are used in research to identify 
high-achieving student subgroups (e.g., Hofer & Stern, 2016; Leikin 
et al., 2017). However, thus far, only one methodological approach was 
applied simultaneously to identify high-achieving student subgroups 
from one student sample. Therefore, we do not know if those two often 
used methodological approaches lead to comparable and generalizable 
subgroups or how the choice of methodological approach affects the 
substantive results. 

Further, multidimensional models describing high-achieving stu-
dents not only refer to different achievement indicators but also consider 
motivational-affective characteristics (e.g., Heller et al., 2005). Together 
with achievement, motivational-affective characteristics form multidi-
mensional educational goals, which are related to academic and occu-
pational success (OECD, 2019; Schiepe-Tiska, 2019; Stoeger, 2009). 
Only when high-achieving students “are willing to take opportunities for 
growth in a domain and are able to persist when presented with chal-
lenges” ideal development of their potential can occur (Cross & Cross, 
2017, p. 43). If teachers better understand the achievement and moti-
vational heterogeneity of high-achieving students in their classroom, 
they could adapt their teaching strategies more specifically to the needs 
of different high-achieving student subgroups (Castejón et al., 2016). 

The present study investigates the heterogeneity of high-achieving 
students by examining two research questions: (1) Do the cut-off score 
and the LPA approach result in comparable high-achieving student 
subgroups, and (2) How can these high-achieving student subgroups be 
characterized regarding their motivational-affective characteristics? To 
identify high-achieving student subgroups, we chose a domain-general 
and two domain-specific indicators. To investigate high-achieving stu-
dents' heterogeneity in more detail, we characterized the different 
subgroups identified through achievement indicators through domain- 
general and domain-specific motivational-affective characteristics. 

1.1. Identification of high-achieving students through achievement 
indicators 

Various achievement indicators are used to identify high-achieving 
students (Carman, 2013; Neuendorf et al., 2022). Each resulting sam-
ple can be seen as one certain subgroup of the whole population of high- 
achieving students. A conceptual distinction exists between high- 
achieving students, often defined through high domain-specific aca-
demic achievement, and gifted students, often defined through high 
domain-general achievement. However, the identification methods used 
in empirical studies for high-achieving and gifted students showed a 
high overlap (Neuendorf et al., 2022). Therefore, we included in our 
definition of high-achieving students individuals with high domain- 
general (i.e., fluid intelligence) and/or high domain-specific (i.e., 
curriculum-oriented and application-oriented mathematical compe-
tence) achievement. Overall, our interest lay in high-achieving students 
capable of excellent achievement and who understand the social im-
plications that, for example, mathematics plays in the world. This 
approach to high-achievement aligns with current global and political 
visions and movements that aim to enable a preferably broad student 
body to take on responsibility and leadership for the world's global 
challenges (Institute of Medicine, 2007; Kultusministerkonferenz 
[KMK], 2016a; OECD, 2020). 

1.1.1. Fluid intelligence 
Fluid intelligence considers decontextualized achievement without 

the need for content-specific knowledge. It is often measured through 

figural reasoning tasks (Baumert et al., 2009; Schulze et al., 2005), 
representing the ability to complete an evolving series of, for example, 
geometric figures (e.g., Wilhelm et al., 2014). Hence, fluid intelligence 
plays an important role in rapidly changing environments (Chiappe & 
MacDonald, 2005). On an aggregated level, fluid intelligence positively 
correlates with domain-specific achievements, such as mathematical 
competence (Mielicki et al., 2021; Saß et al., 2017; Taub et al., 2008). 
However, high fluid intelligence–often seen as students' potential–does 
not always translate into high achievement in a certain domain on an 
individual level (Gagné, 2004). 

1.1.2. Curriculum-oriented and application-oriented mathematical 
competence 

Neuendorf et al. (2022) found that high-achieving students are most 
often identified through tests. If one domain-specific indicator was used 
to operationalize high achievement, mathematics was by far the most 
common. Mathematical competence, which can be clearly distinguished 
from fluid intelligence (Baumert et al., 2009), is essential for lifelong 
learning and social participation (Ehmke et al., 2020). In large-scale 
assessments, two frameworks of mathematical competence, namely 
the application-oriented and the curriculum-oriented approach, are well 
known (Neidorf et al., 2006; Saß et al., 2017). Accordingly, the concept 
of mathematical competence can have two focuses: (a) the application of 
acquired knowledge in everyday life, as it has been operationalized in 
the Programme for International Student Assessment (PISA; de Lange, 
2006; Neidorf et al., 2006; OECD, 2013a) and (b) curricular compe-
tences that are taught in classrooms, as it is operationalized in the Na-
tional Assessment Study (NAS) or the National Assessment of 
Educational Progress (NAEP; Hartig & Frey, 2012; KMK, 2016b; Neidorf 
et al., 2006). There is an ongoing discussion if application-oriented and 
curriculum-oriented mathematical competences are independent con-
cepts (Saß et al., 2017). On a theoretical level, the application-oriented 
and the curriculum-oriented frameworks both emphasize the special 
meaning of the context for applying knowledge. However, the 
application-oriented mathematical competence does not concentrate on 
curricular elements. It is defined as applying the knowledge learned at 
school in everyday events, namely in personal, occupational, societal, or 
scientific contexts, in order to answer real-world problems and realize 
the role of mathematics in the world (de Lange, 2006; Neidorf et al., 
2006; OECD, 2013a). In contrast, in the curriculum-oriented framework, 
the contexts have a strong link to the national curriculum and the 
educational standards, and thus, competences are defined as skills that 
manifest themselves in a certain proficiency in special situations and 
focus on curricular validity (Pant et al., 2013a; Roppelt, Blum, & 
Pöhlmann, 2013). 

Despite these different conceptual focuses on application- and 
curriculum-oriented mathematical competence, on an aggregated level, 
the assessed mathematical competences are highly correlated (r =
0.82–0.91; Ehmke et al., 2017; Klieme et al., 2001). Further, for grade 9 
students, a comparable correlation between application-oriented (r =
0.70) and curriculum-oriented (r = 0.72) competence with fluid intel-
ligence was found (Saß et al., 2017). However, on an individual level, 
students with an application-oriented mathematical competence score 
of 500 (PISA) reached scores between 380 and 610 in curriculum- 
oriented mathematical competence (NAS; Ehmke et al., 2017). Hence, 
these two constructs cannot be used interchangeably on an individual 
level. This distinction may also be necessary for identifying high- 
achieving student subgroups because differences for high-achieving 
students between these two competences were found in previous 
research (Lehner et al., 2017). Therefore, the current study investigates 
curriculum-oriented and application-oriented mathematical compe-
tence in the context of high-achieving students in more detail. 

1.2. Methods of identifying high-achieving student subgroups 

Two methodological approaches are often used to identify high- 
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achieving student subgroups: cut-off scores and LPAs. The cut-off score 
approach dichotomizes a continuous variable into two parts and is often 
used in research and practice as it is easy to implement (e.g., de Jonge 
et al., 2020; National Association for Gifted Children, 2010). An example 
using cut-off scores is PISA, which ranks students on six competence 
levels and defines students on competence levels five and six as high- 
achieving (OECD, 2014a). Applying this definition to the domain of 
mathematics, 17.5 % of the students in Germany reached this cut-off 
score in PISA 2012 (OECD, 2014a, p. 298). In NAS, high-achieving 
students were defined as students scoring at the 95th percentile or 
higher (Roppelt, Penk, et al., 2013) or scoring at competence level 5 
(Neuendorf et al., 2017). These examples show that different subgroups 
of students are identified as high-achieving depending on the used cut- 
off score. This heterogeneity in cut-off score use is in accordance with a 
systematic review that concluded that the cut-off scores used to identify 
high-achieving students varied considerably across studies. The median 
of the cut-off scores was a cut-off score of the top 10 % (Neuendorf et al., 
2022). Two exemplary studies using cut-off scores on multiple 
achievement indicators to identify high-achieving student subgroups 
used an IQ score of 130 for general giftedness and two further cut-off 
scores on mathematics-related tests to define expertise in school math-
ematics. In a second step, differences between the detected subgroups 
were investigated (Leikin et al., 2014; Leikin et al., 2017). From these 
examples, it becomes clear that the identification of high-achieving 
students and high-achieving student subgroups is intermingled and 
that each resulting sample can be seen as one certain subgroup of the 
whole high-achieving student population. This rather arbitrary assign-
ment of students into high-achieving student subgroups is a crucial point 
of criticism for using cut-off scores (Hickendorff et al., 2018; Stoeger, 
2009). 

One solution to bypass this criticism is using LPAs, which have been 
recently used more often in the field of high-achieving students (Hick-
endorff et al., 2018; Mammadov et al., 2016). LPAs are a suitable option 
to categorize persons into subgroups and investigate the relationship of 
these subgroups with other variables (Howard & Hoffman, 2018; 
Mammadov et al., 2016). LPAs explain the differences in a group of 
persons (e.g., high-achieving students) by defining homogeneous sub-
groups independent of a-priori-defined cut-off scores (Hickendorff et al., 
2018). In order to gain homogeneous subgroups, the expectation- 
maximization (EM) algorithm is used. First, each subgroup's parame-
ters (e.g., mean and variance) are guessed. The posterior probabilities 
based on these parameters are calculated in a second step. With those 
posterior probabilities, the parameters are re-estimated, and the poste-
rior probabilities are re-calculated. This cycle is repeated until the pa-
rameters no longer change significantly (Oberski, 2016). The aim is to 
maximize “the homogeneity within subgroups while maximizing the 
heterogeneity between subgroups” (Mammadov et al., 2016, p. 177). 
Hofer and Stern (2016), for example, conducted LPAs with intellectual 
potential, operationalized through reasoning ability, and physics grades 
as achievement indicators to define five subgroups of students. They 
detected Overachievers (“very low intellectual potential […] and high 
physics grades”), High-achievers (“very high z-standardized intellectual 
potential […] and z-standardized physics grades”), Over-to-normal 
achievers (“rather low intellectual potential […] and average physics 
grades”), Under-to-normal achievers (“average intellectual potential 
[…] and rather low physics grades”), and Underachievers (“high intel-
lectual potential […] and very low physics grades”; Hofer & Stern, 2016, 
p. 125). One challenge for LPAs is whether the detected subgroups really 
exist or if they appeared because of methodological issues or the 
approach's exploratory character (Grimm et al., 2017). 

To evaluate the comparability of the cut-off score and LPA approach 
on the aggregated level, it could be examined if the same subgroups can 
be found. Here, level differences, “the tendency for a person to be high, 
medium, or low across all factors”, and shape differences, “the tendency 
for a person to have a distinct pattern of factors on which they are high, 
medium, or low” can be distinguished (Morin & Marsh, 2015, p. 39). On 

the individual level, one can test if both approaches would assign indi-
vidual students to the same high-achieving subgroups. If both ap-
proaches result on an aggregated level in the same subgroups and assign 
the same students on an individual level to each subgroup, both meth-
odological approaches could be used interchangeably. 

1.3. Multidimensional educational goals and the characterization of high- 
achieving students 

Besides achievement indicators, motivational-affective characteris-
tics are important for characterizing high-achieving students (Subotnik 
et al., 2011). They may explain why or why not students' potential (i.e., 
domain-general achievement) transfers into domain-specific manifest 
achievement (e.g., mathematical competence; Cross & Cross, 2017; 
Heller et al., 2005) and are (reciprocally) related to domain-specific 
achievement indicators (e.g., Arens et al., 2017; Lee & Stankov, 2018; 
OECD, 2013c). Like achievement indicators, motivational-affective in-
dicators can be divided into domain-general versus domain-specific 
characteristics (Kuger & Klieme, 2016). The present study focused on 
perseverance as domain-general and mathematics self-efficacy, interest, 
and instrumental motivation as domain-specific characteristics, which 
are particularly important in the context of high-achieving students. 
They correlate quite highly with academic achievement and are inves-
tigated in previous research with high-achieving students (e.g., OECD, 
2013c). 

Perseverance describes the willingness to persist on difficult problems 
without giving up, even if barriers appear (OECD, 2013c). The willing-
ness to persist is an important aspect of talent development as it can be 
seen as a prerequisite that potential transfers into manifest achievement 
(Cross & Cross, 2017). Research showed that students who, on average, 
show more perseverance in problem-solving achieve higher mathe-
matics achievement (Cutumisu & Bulut, 2017; Fung et al., 2018). 

Self-efficacy regarding mathematics is “an individual's confidence in 
his or her ability to perform mathematics and is thought to directly 
impact the choice to engage in, expend effort on, and persist in pursuing 
mathematics” (Ashcraft & Rudig, 2012, p. 249). This domain-specific 
definition is in accordance with Bandura's definition of self-efficacy, 
defined as “beliefs in one's capabilities to organize and execute the 
courses of action required to manage prospective situations. Efficacy 
beliefs influence how people think, feel, motivate themselves, and act” 
(Bandura, 1995, p. 2). When students have doubts about mastering a 
mathematics task, they may not try to perform at all (Ritchotte et al., 
2014). In PISA, mathematics self-efficacy was the strongest predictor of 
mathematics achievement compared to 44 other investigated 
motivational-affective and socio-economic status-related predictors (Lee 
& Stankov, 2018), even after controlling for other motivational-affective 
characteristics (Pitsia et al., 2017). 

Mathematics interest represents the affective component of a rela-
tionship between a person and an object (Krapp & Prenzel, 2011; OECD, 
2014b) and corresponds to the concept of intrinsic motivation, accord-
ing to Ryan and Deci (2000). Learning activities based on interest are 
done for their own sake and not for external rewards (OECD, 2013a; 
Ryan & Deci, 2000). Interest is required to voluntarily engage in certain 
activities, such as choosing a certain field of study (Taskinen et al., 
2013). This aspect is of special importance as there is a high need for 
graduates in mathematics (Cappelli, 2015; Institute of Medicine, 2007), 
and “the level of a person's interest has repeatedly been found to be a 
powerful influence on learning” (Hidi & Renninger, 2006, p. 111). 
Mathematics interest and achievement are positively related. Thus, 
students more interested in mathematics also show higher achievement 
(Fung et al., 2018; Lee & Stankov, 2018). 

Instrumental motivation regarding mathematics refers to reaching a 
specific goal beyond completing the task itself, such as striving for a job 
in the field of mathematics. This type of motivation focuses on the 
instrumental value of the task and can foster students' motivation for a 
certain domain and corresponds to the concept of extrinsic motivation 
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(Lens et al., 2009; OECD, 2013a; Ryan & Deci, 2000). In PISA 2012, most 
students across OECD countries agreed that learning mathematics would 
enhance their job perspectives (OECD, 2013c). Moreover, instrumental 
motivation and mathematics achievement were positively related 
(OECD, 2013c; Pitsia et al., 2017). 

Studies investigating differences in these motivational-affective 
characteristics between high-achieving and not-as-high-achieving 
identified students mainly revealed more positive characteristics for 
high-achieving students (Agaliotis & Kalyva, 2019; Gubbels et al., 2018; 
Hong & Aqui, 2004; Litster & Roberts, 2011). Further, PISA 2012 
showed that the relationship between these motivational-affective 
characteristics and mathematics achievement is, on average, higher 
for high-achieving students compared to lower-achieving students 
(OECD, 2013c). One subgroup of high-achieving students, which has 
been investigated in more detail concerning its motivational-affective 
characteristics, are the Underachievers. They showed lower intrinsic 
motivation, motivational orientations, interest, self-efficacy, and effort 
than high-achieving peers who fulfill their potential (Agaliotis & Kalyva, 
2019; Hofer & Stern, 2016; Lüftenegger et al., 2015; McCoach & Siegle, 
2003). Other high-achieving student subgroups were investigated less 
frequently (e.g., Castejón et al., 2016; Gubbels et al., 2018). Hong and 
Aqui (2004) summarized that–despite the advancement in conceptual-
izing high achievement as multidimensional–the comparison of 
different high-achieving student subgroups regarding their cognitive 
and motivational-affective characteristics is not sufficient yet. 

2. Present study 

We decided to define students scoring on at least one achievement 
indicator in the top 20 % as high-achieving, as we aimed to investigate 
next to the already top-performing students also the potentially high- 
achieving students (Friedman & Lee, 1996). This broader perspective 
also follows Schmidtner (2017), who argued that the top 20 % of a 
student population is a useful definition of high-achieving students as 
this could be seen as a realistic international threshold for high- 
achieving students in a country. Further, this student population is 
defined as students needing regular curriculum modifications, enrich-
ment, and differentiation in the educational context (Renzulli, 1984). 
Therefore, a clear understanding of the heterogeneity of these high- 
achieving students is necessary. 

The present study expands previous research by applying the cut-off 
score and the LPA approach to the same high-achieving student sample 
to investigate whether both approaches result in comparable high- 
achieving student subgroups (RQ1). We used three achievement in-
dicators that focus on different aspects of achievement: fluid intelli-
gence, operationalized through figural reasoning (Wilhelm et al., 2014), 
curriculum-based mathematical competence, operationalized through 
mathematical competence in Germany's NAS (Pant et al., 2013a), and 
application-oriented mathematical competence, operationalized 
through mathematical competence in PISA (de Lange, 2006; OECD, 
2013a). A comprehensive overview, including the theoretical back-
ground and crucial characteristics of the used achievement indicators, 
can be found in Appendix A. 

The overlap between the cut-off score and the LPA approach was 
examined on an aggregated and individual level. We, therefore, 
considered shape and level differences, the sample size of the detected 
subgroups, and the assignment of each individual to the high-achieving 
student subgroups. As certain high-achieving student subgroups (i.e., 
Overachievers, Underachievers, and Top Performers) were detected in 
previous studies through the cut-off score (e.g., Agaliotis & Kalyva, 
2019; Leikin et al., 2017) and the LPA approach (e.g., Hofer & Stern, 
2016), we expected to find a comparable set (e.g., same number, same 
size, and the same level and shape differences) of high-achieving student 
subgroups across both methodological approaches. However, to our 
knowledge, thus far, no study has applied both approaches to the same 
sample. 

Further, we examined how the identified high-achieving student 
subgroups differed in their motivational-affective characteristics (RQ2). 
Little research has examined motivational-affective characteristics in 
different high-achieving student subgroups, although their importance 
has been theoretically and empirically confirmed (Heller et al., 2005; 
OECD, 2013c; Stoeger, 2009). We used the domain-general character-
istic perseverance and mathematics-related characteristics self-efficacy, 
interest, and instrumental motivation. Based on theories and previous 
research that established a positive relationship between achievement 
and motivational-affective characteristics (e.g., Bandura, 1977; Krapp & 
Prenzel, 2011; Lee & Stankov, 2018; OECD, 2013c), we expected that 
high-achieving students who fulfill their potential in all investigated 
achievement indicators (i.e., Top Performers) show more positive 
motivational-affective characteristics compared to other subgroups of 
high-achieving students (hypothesis 2a). Furthermore, in line with 
previous research (e.g., Agaliotis & Kalyva, 2019; Hofer & Stern, 2016), 
we expected that high-achieving students who do not fulfill their po-
tential (i.e., Underachievers) show worse motivational-affective char-
acteristics compared to performing high-achievers (hypothesis 2b). We 
did not specify further hypotheses for other high-achieving student 
subgroups due to the lack of previous research. 

3. Method 

3.1. Sample and procedure 

Data from a German national expansion of PISA 2012—a class-based 
sample of two ninth grades from each participating school—were used 
to unite two special features of this PISA dataset. First, mathematical 
competence was the main domain, and second, data could be linked to 
Germany's NAS 2012. On the first day of data collection, the two-hour 
cognitive PISA assessment took place, and the student background 
questionnaire, including the motivational-affective characteristics, was 
administered with a rotated booklet design. On the second day, students 
participated in the assessment of NAS mathematical competence and 
figural reasoning. We considered all ninth-graders with values on all 
three achievement indicators (N = 5154). From this sample, for the 
definition of our high-achieving student sample, we used a liberal cut-off 
score and defined the top 20 % of students on at least one of the three 
achievement indicators (or-approach) as high-achieving (cf. Renzulli, 
1984; Schmidtner, 2017). Students who reached the 80th percentile in 
none of the achievement indicators were defined as non-high-achieving 
and not further analyzed. Our final sample consisted of N = 1563 high- 
achieving students (Mage = 15.30 years, SD = 0.46, 45.6 % female) 
originating from 180 different schools and 308 school classes. 78.7 % of 
our high-achieving sample attended the highest track of the German 
secondary school system (Gymnasium). 

As data collection took place in the context of PISA and NAS, it was 
commissioned by the federal governments of Germany. According to 
school laws, participation in the competence test was mandatory. 
Participation in the background questionnaire was only mandatory in 
some federal states. If participation was not mandatory, parents and 
students gave written informed consent. The current study was con-
ducted according to the APA ethical standards. A review through an 
ethics committee was not necessary by institutional guidelines or na-
tional regulations, following the German Research Foundation, as the 
used data were anonymized, and no further disclosure is possible (cf. 
Schiepe-Tiska, 2019; Siegle et al., 2013). 

3.2. Measures 

All measures used in the current study are established research tools, 
which have been tested regarding their quality criteria through the PISA 
and NAS committees (Lenski et al., 2016; OECD, 2013a). The descriptive 
statistics and intercorrelations of the used measures are displayed in 
Table 1. 
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3.2.1. Achievement indicators 
Fluid intelligence was measured through figural reasoning tasks, rep-

resenting an adequate and often used possibility to measure fluid in-
telligence (Baumert et al., 2009; Schulze et al., 2005). An unpublished 
parallel form of the published subscale deductive reasoning of a test for 
fluid and crystallized intelligence (Berliner Test zur Erfassung der Flu-
iden und Kristallinen Intelligenz [BEFKI]; Wilhelm et al., 2014) was 
used. The deductive reasoning subscale consisted of 16 tasks in which 
students were asked to complete a row of three geometric figures. Cor-
rect answers were scored with 1, and incorrect answers were scored with 
0. 

Application-oriented mathematical competence was measured by the 
mathematics global scale in PISA, which contained four content areas: 
quantity, uncertainty and data, change and relationships, and space and 
shape (OECD, 2014a, 2014b). Sample items can be found in OECD 
(2014a) and OECD (2013b). For each student, five plausible values were 
estimated. The students' test scores can be assigned to seven proficiency 
levels, ranging from below level 1 to level 6 (see OECD, 2014b, also for a 
detailed description of the proficiency levels). 

Curriculum-oriented mathematical competence was assessed by the 
mathematics global scale in NAS, which contained five content areas: 
numbers, measurement, data and chance, functional relationships, and 
space and shape. All items had a strong link to the national curriculum 
and the educational standards in Germany (Pant et al., 2013a; Roppelt, 
Blum, & Pöhlmann, 2013). For each student, 15 plausible values were 
estimated (Hecht et al., 2013). Students' test scores can be assigned to six 
proficiency levels, ranging from levels 1a and 1b to level 5 (see Pant 
et al., 2013b, also for a detailed description of the proficiency levels). 
One example item of application-oriented (PISA) and one of curriculum- 
oriented (NAS) mathematical competence, including a comparison of 
both, can be found in Lehner et al. (2017). Appendix B shows two 
released sample items for mathematical competence from PISA and NAS 
that further illustrate the different foci on application-oriented versus 
curriculum-oriented mathematical competence. 

3.2.2. Motivational-affective characteristics 
Perseverance (PERSEV) was assessed with five items (e.g., “I continue 

working on tasks until everything is perfect”), which were answered on a 
five-point Likert scale (1 = very much like me to 5 = not at all like me). 
Three items were reversed so that higher scores indicate higher perse-
verance (OECD, 2014b, p. 337). The scale's reliability is α = 0.75 (N =
950). 

Mathematics Self-Efficacy (MATHEFF) was assessed with eight items. 
Students rated how confident they feel in handling specific mathemat-
ical tasks (e.g., “Calculating how much cheaper a TV would be after a 
30% discount”) on a four-point Likert scale (1 = very confident to 4 = not 
at all confident; OECD, 2014b, p. 322). The scale's reliability is α = 0.78 
(N = 945). 

Mathematics Interest (INTMAT) was assessed with four items (e.g., “I 
enjoy reading about mathematics”), which were answered on a four- 
point Likert scale (1 = strongly agree to 4 = strongly disagree; OECD, 
2014b, p. 321). The scale's reliability is α = 0.89 (N = 947). 

Instrumental Motivation for Mathematics (INSTMOT) was assessed 
with four items (e.g., “I will learn many things in mathematics that will 
help me get a job”), which were also answered on a four-point Likert 
scale (1 = strongly agree to 4 = strongly disagree; OECD, 2014b, p. 322). 
The scale's reliability is α = 0.87 (N = 950). All domain-specific moti-
vational-affective items were reversed so that higher scores indicate 
higher motivational-affective characteristics (OECD, 2014b, pp. 
321–322). 

3.3. Statistical analyses1 

First, high-achieving student subgroups were identified through the 
cut-off score and the LPA approach using three achievement indicators. 
We used the plausible values (PVs) of each achievement indicator from 
the PISA and NAS datasets that can be defined “as random values from 
the posterior distributions.” (OECD, 2009, p. 95). To ensure compara-
bility of the achievement indicators, we z-standardized the achievement 
indicators. Therefore, we calculated one vector of all PVs (5 for PISA and 
15 for NAS and BEFKI) for each achievement indicator as they originate 
from one common distribution and determined the means and standard 
deviations for each vector for the whole student sample (N = 5154) 
using the software R (Version R 4.1.3). These values were used for z- 
standardization so that 0 represents the average value of all ninth-grade 
students (high-achieving and not-as-high-achieving identified) in our 
sample, and 1 represents the standard deviation for each achievement 
indicator. Next, the expected a posteriori estimators (EAPs) were used 
for all achievement indicators. The EAP represented the posterior dis-
tribution's average and could be used as “an individual estimate of 
student ability” (OECD, 2009, p. 97; Rost, 2004). Therefore, we calcu-
lated the EAP for each achievement indicator separately by averaging 
the respective standardized PVs. 

For the cut-off score approach for each achievement indicator, the 
80th percentile of each plausible value was calculated and averaged 
afterwards for the whole student sample (N = 5154). Next, students 
were dichotomously categorized as above or below the 80th percentile 
on each indicator. The result were seven high-achieving student sub-
groups (Table 2). 

The names of the subgroups were assigned according to the theo-
retical conceptions and main characteristics of the three achievement 
indicators (Appendix A). Students who did not reach the 80th percentile 
on any of the three achievement indicators were defined as non-high- 
achieving and not considered for further analyses. For all analyses in 
this step, SPSS Version 28 was used. 

For the LPA approach, we conducted five sets of LPAs with different 
variance-covariance matrix specifications and different numbers of 
profiles (cf. Pastor et al., 2007). Each model was estimated with 5000 
random selections of starting values, 500 iterations for each random 

Table 1 
Descriptive statistics and Pearson intercorrelations for achievement indicators and motivational-affective characteristics (N = 1563).   

Mean SD 1 2 3 4 5 6 

1 EAP PISA  0.99  0.64 –      
2 EAP NAS  1.04  0.65 0.66* –     
3 EAP BEFKI  0.79  0.70 − 0.04 0.11* –    
4 PERSEV  0.10  0.96 0.20* 0.17* 0.04 –   
5 MATHEFF  0.71  0.93 0.42* 0.36* 0.03 0.39* –  
6 INTMAT  − 0.02  1.05 0.19* 0.20* 0.15* 0.43* 0.37* – 
7 INSTMOT  − 0.06  1.01 0.17* 0.16* 0.10* 0.37* 0.33* 0.63* 

Note. EAP = expected a posteriori estimator; PISA = application-oriented mathematics; NAS = curriculum-oriented mathematics; BEFKI = figural reasoning; PERSEV 
= perseverance; MATHEFF = mathematics self-efficacy; INTMAT = mathematics interest; INSTMOT = instrumental motivation for mathematics. 

* p < .05. 

1 The syntax files for the analysis steps of our research questions can be 
accessed via an OSF project. Please contact the corresponding author of the 
manuscript to gain access. 
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start, and the 500 best solutions for final optimization. To find the 
appropriate number of latent profiles, we compared statistical indicators 
of the two to nine profile solutions: Akaike information criteria (AIC), 
Bayesian information criteria (BIC), sample-size adjusted BIC (SABIC), 
entropy, and adjusted Vuong-Lo-Mendell-Rubin likelihood ratio test 
(aVLMRT). Lower values on the information criteria indicate a better 
model fit. The aVLMRT test is not significant when the model with k-1 
profiles shows a better fit than the model with k profiles. The entropy 
ranges from 0 to 1, and a higher value indicates a more accurate clas-
sification of individuals (Geiser, 2013; Hong et al., 2020; Nylund et al., 
2007). However, as none of these statistical indicators can be seen as the 
gold standard for model selection (Mammadov et al., 2016), we also 
considered the content-related interpretability, the parsimony, and the 
number of persons per profile (cf. Berlin et al., 2014). One useful feature 
of LPA is that classification probabilities are modeled (Bacher et al., 
2010). This advantage could not be used in the current study, as we used 
imputed data sets to analyze our motivational-affective outcomes. For 
analyses with type imputation, the three-step approach in MPlus is not 
available. Thus, each student was assigned “to the latent profile with the 
highest posterior membership probability” (Mammadov et al., 2016, pp. 
180–181). Consequently, we did not use the classification probabilities 
for further analyses and could not consider the classification un-
certainties for parameter estimation. In line with the cut-off score 
approach, the subgroup names were given according to the three 
achievement indicators' main characteristics (Appendix A). LPAs were 
conducted with the software Mplus (Version 8). For the automatized 
execution of Mplus syntax, we used the R package MplusAutomation (R 
Version R 4.1.3; Hallquist & Wiley, 2018). The achievement indicator 
values for each subgroup were calculated using SPSS Version 28. 

For the motivational-affective characteristics, two types of missing 
values were observed because of the questionnaire's rotated booklet 
design: missing values by design (i.e., missing completely at random; 
Enders, 2010) and missing values because students did not answer each 
item (Table 3). To handle missing values, multiple imputation was 
conducted for all (N = 5154) students (Enders, 2010). The common part 
of the student background questionnaire was used for the imputation 
model. These variables contained information about students' study 
program, age, gender, preschool education, age when starting school, 
grade repetition, truancy, family structure, immigrant background, 

Table 2 
Description of the defined high-achieving student subgroups.  

Subgroup Top 20 % 
PISA =
application- 
oriented 
mathematics 

Top 20 % 
NAS =
curriculum- 
oriented 
mathematics 

Top 20 % 
BEFKI =
figural 
reasoning 

Verbal 
description 
Students show 
… 

Top Performer Yes Yes Yes High 
application- 
and 
curriculum- 
oriented 
mathematical 
achievement as 
well as high 
figural 
reasoning 
achievement. 

Overachiever Yes Yes No High 
application- 
and 
curriculum- 
oriented 
mathematical 
achievement. 
Their figural 
reasoning 
achievement is 
average. 

Wise Learner No Yes Yes High 
curriculum- 
oriented 
mathematical 
and high figural 
reasoning 
achievement. 
Their 
application- 
oriented 
mathematical 
achievement is 
average. 

Wise Operator Yes No Yes High 
application- 
oriented 
mathematical 
and high figural 
reasoning 
achievement. 
Their 
curriculum- 
oriented 
mathematical 
achievement is 
average. 

Operator Yes No No High 
application- 
oriented 
mathematical 
achievement. 
Their 
curriculum- 
oriented 
mathematical 
and their 
figural 
reasoning 
achievement 
are average. 

Learner No Yes No High 
curriculum- 
oriented 
mathematical 
achievement. 
Their 
application- 
oriented  

Table 2 (continued ) 

Subgroup Top 20 % 
PISA =
application- 
oriented 
mathematics 

Top 20 % 
NAS =
curriculum- 
oriented 
mathematics 

Top 20 % 
BEFKI =
figural 
reasoning 

Verbal 
description 
Students show 
… 

mathematical 
and their 
figural 
reasoning 
achievement 
are average. 

Underachievera No No Yes High figural 
reasoning 
achievement. 
Their 
application- 
and 
curriculum- 
oriented 
mathematical 
achievement 
are average.  

a The two Underachiever subgroups (1 and 2) defined by the latent profile 
analyses differed regarding their level in the achievement indicators. The 
qualitative characteristics described in this table refer to all Underachiever 
subgroups detected in this manuscript. The subgroup of students who reached 
the 80th percentile in none of the achievement indicators was defined as non- 
high-achieving and was not further investigated. 
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language spoken at home, ESCS, and the number of books at home. The 
technical report gives a full overview of the common part, including 
item numbers (OECD, 2014b). Three items of the common part were not 
used for the imputation model as they had the same manifestation for all 
students (i.e., grade), missings for all students (i.e., grade retention on 
ISCED Level 3), or less than 5 % valid scores (i.e., age of arrival in test 
country). Further, the detected student subgroups were included as 
dummy variables in the imputation model as these variables were used 
in the analysis phase. Fifty imputed data sets were created (cf. Graham 
et al., 2007). 

In the analysis phase, for each of the 50 data sets and each 
motivational-affective characteristic, a regression analysis with sub-
groups as dichotomous independent variables (0 = not belonging to the 
respective subgroup and 1 = belonging to the respective subgroup) and the 
respective motivational-affective characteristic as the dependent vari-
able was conducted. Top Performers represented the reference group 
because they scored highly on all three achievement indicators. Hence, 
this subgroup is considered as the target state. Bonferroni-Holm 
correction was applied within each regression analysis to account for 
multiple comparisons with the reference group (six comparisons for the 
cut-off score subgroups and four for the LPA subgroups). All indices of 
the motivational-affective characteristics were standardized “with an 
OECD average of 0 and a standard deviation of 1” (OECD, 2014b, p. 
314). Mplus (Version 8) was used to perform these analyses. 

4. Results 

4.1. Preliminary analyses 

As the original dataset used a class-based sampling technique, we 
investigated whether the allocation to different subgroups was inde-
pendent of the nested structure. In the cut-off score subgroups the 
average cluster size ranged between Mmin = 1.16 and Mmax = 2.51 
(Mdnmin = 1, Mdnmax = 2) and in the LPA subgroups between Mmin =

1.23 and Mmax = 3.39 (Mdnmin = 1, Mdnmax = 3). From these small 
clusters within each subgroup, it can be assumed that the allocation to 
the different subgroups was almost completely independent of the stu-
dents' clustering within school classes. 

Table 1 presents descriptive statistics and intercorrelations of the 
achievement indicators and motivational-affective characteristics for 
the high-achieving student sample. The means and standard deviations 
of the achievement indicators for each detected subgroup separately can 
be found in Table 4. 

The correlations of the achievement indicators within each subgroup 
can be found in Appendix C. Appendix D presents sample characteristics 
(i.e., percentage of girls and students attending the highest secondary 
school track) for each detected subgroup separately. 

4.2. High-achieving student subgroups – aggregated level 

Fig. 1 presents the means and standard errors of the achievement 
indicators as well as the number of students for each of the seven sub-
groups detected through the cut-off score approach. 

The Top Performers formed the largest subgroup, with scores at least 
at the 80th percentile in all three achievement indicators (cf. Table 2 for 
a description of the subgroups). The Overachievers formed the second 
largest subgroup and scored at or above the 80th percentile in both 
mathematical competences but not in figural reasoning. One-fifth of the 
students were classified as Underachievers. These students exceeded the 
cut-off score in figural reasoning but not in mathematical competences. 
An already noticeable smaller group of students was classified as Op-
erators, who showed high achievement in application-oriented mathe-
matics, but not in curriculum-oriented mathematics and figural 
reasoning. Their group size was comparable to the Learners, who, in 
contrast, achieved scores at or above the 80th percentile in curriculum- 
oriented mathematics but not in application-oriented mathematics and 
figural reasoning. The Wise Learners formed the second smallest sub-
group and exceeded the cut-off score in figural reasoning and 
curriculum-oriented mathematics but not in application-oriented 
mathematics. The Wise Operators formed the smallest subgroup. 
These students scored at or above the 80th percentile in figural 
reasoning and application-oriented mathematics but not in curriculum- 
oriented mathematics. 

Table 5 shows the model fit criteria for the class-varying diagonal 
model of the LPAs and the number of students in each subgroup. The AIC 
and SABIC consistently declined with increasing numbers of profiles 
and, therefore, did not help to identify the profile solution that fit the 
data best. The BIC declined until the eight profile solution. The BIC 
differences between profile solutions showed that the decline after the 
five profile solution got noticeably smaller. The aVLMRT was not sig-
nificant for the seven profile solution and thus indicated a better fit of 
the six profile solution than the seven profile solution. When we 
compared the five, six, and seven profile solutions on the content level, 
we found that one subgroup, which disappeared from the six and seven 
profile solution to the five profile solution, was very similar to the still 
existing Underachiever 1 subgroup. As these two subgroups were rather 
small (approximately 5 % and 6 %, cf. Appendix E) and showed a 
comparable pattern of achievement indicators, we decided to use the 
five profile solution, which combined these two subgroups into one. The 
second subgroup that disappeared from the seven to the five profile 
solution was very similar to two still existing subgroups (Top Performers 
and Overachievers) and lay in between them (Appendix E). 

Hence, we selected the more parsimonious solution with five sub-
groups, which had a similar model fit as the six and seven profile solu-
tion. Thus, the LPA found an Operator subgroup, two Underachiever 
subgroups, a Top Performer subgroup, and an Overachiever subgroup. 
Fig. 2 presents for each of the five LPA subgroups the means and stan-
dard errors of the achievement indicators as well as the number of 
students in each subgroup. Overall, four subgroups defined through the 

Table 3 
Missing values of the motivational-affective indicators.   

PERSEV MATHEFF INTMAT INSTMOT 

Valid cases 957 960 960 958 
MCAR 532 (87.79) 532 (88.23) 532 (88.23) 532 (87.93) 
Other missing values 74 (12.21) 71 (11.77) 71 (11.77) 73 (12.07) 

Note. The percentage of missing values due to the booklet design (missing 
completely at random; MCAR) and missing values due to unknown reasons are in 
brackets, respectively. PERSEV = perseverance; MATHEFF = mathematics self- 
efficacy; INTMAT = mathematics interest; INSTMOT = instrumental motivation 
for mathematics. 

Table 4 
Descriptive statistics of the achievement indicators for each subgroup.   

EAP_PISA EAP_LV EAP_NAS 

M SD M SD M SD 

Top Performer 1.50 0.41 1.62 0.42 1.36 0.42 
Overachiever 1.37 0.36 1.38 0.35 0.28 0.46 
Underachiever 0.20 0.51 0.26 0.45 1.20 0.33 
Operator 1.13 0.23 0.47 0.36 0.06 0.52 
Learner 0.53 0.28 1.12 0.21 0.17 0.50 
Wise Learner 0.55 0.28 1.19 0.30 1.29 0.40 
Wise Operator 1.16 0.22 0.69 0.19 1.22 0.25 
Top Performer 1.66 0.40 1.83 0.31 1.15 0.59 
Overachiever 0.97 0.41 1.11 0.24 0.63 0.70 
Underachiever 1 − 0.10 0.49 − 0.03 0.41 1.21 0.31 
Underachiever 2 0.58 0.33 0.59 0.17 1.07 0.13 
Operator 1.09 0.17 0.39 0.43 − 0.03 0.56 

Note. EAP = expected a posteriori estimator; PISA = application-oriented 
mathematics; NAS = curriculum-oriented mathematics; BEFKI = figural 
reasoning. The upper part of the table represents the cut-off score subgroups, and 
the lower part the LPA subgroups. 
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Fig. 1. Means (±2 SE) of the achievement indicators for each cut-off score subgroup. 
Note. PISA = application-oriented mathematics; NAS = curriculum-oriented mathematics; BEFKI = figural reasoning. The subgroups are arranged according to their 
size in ascending order. 

Table 5 
Fit results from the latent profile analyses with free variances across profiles and no covariances.  

Profiles LL par AIC BIC SABIC Entropy aVLMRT BIC diff. 
value 

Number of students in profilesa 

1 2 3 4 5 6 7 8 9  

2 − 4368.917 13 8763.83 8833.44 8792.14 0.850 p < .001 x 238 1325         
3 − 4102.218 20 8244.44 8351.52 8287.99 0.788 p < .001 481.92 1016 208 339        
4 − 4032.573 27 8119.15 8263.71 8177.94 0.722 p = .024 87.81 842 113 239 369       
5 − 3982.828 34 8033.66 8215.70 8107.69 0.730 p = .024 48.01 151 168 140 365 739      
6 − 3943.783 41 7969.57 8189.09 8058.85 0.744 p = .047 26.61 75 99 155 139 729 366     
7 − 3910.679 48 7917.36 8174.37 8021.88 0.711 p = .139 14.73 138 571 161 77 99 353 164    
8 − 3876.739 55 7863.48 8157.97 7983.25 0.736 p = .337 16.40 262 83 174 18 110 136 157 623   
9 − 3853.755 62 7831.51 8163.48 7966.52 0.753 p = .050 − 5.51 80 111 20 136 151 625 137 286 17 

Note. LL = model log-likelihood; par = number of estimated parameters; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; SABIC = sample- 
size adjusted BIC; aVLMRT = Adjusted Vuong-Lo-Mendell-Rubin likelihood ratio test; BIC diff. value = difference between the BIC values of profile n-1 and n. 

a Depending on the assumed number of profiles, students assigned to a specific profile are not comparable across profile solutions. 
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Fig. 2. Means (±2 SE) of the achievement indicators for each LPA subgroup. 
Note. PISA = application-oriented mathematics; NAS = curriculum-oriented mathematics; BEFKI = figural reasoning. 
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cut-off score approach, namely Top Performers, Overachievers, Un-
derachievers, and Operators, could also be found using LPAs. 

4.3. Comparison of the two approaches – individual level 

In order to test whether both approaches classified the same high- 
achieving students into each subgroup, a cross table between the sub-
groups was created (Table 6). 

Students identified as Underachievers by the cut-off score approach 
were almost solely represented in the two corresponding LPA Under-
achiever subgroups. The same was true for the majority of the Operators. 
They also were mainly represented in the corresponding LPA Operator 
subgroup. The Overachievers and Top Performers detected through the 
cut-off score approach were predominantly comprised of the respective 
LPA subgroup. However, a quite high overlap between these two sub-
groups was also detected. The Learners were completely merged into the 
LPA Overachiever subgroup, which was also mostly true for the Wise 
Learners and Wise Operators. Comparing the two methodological ap-
proaches on an individual level yielded that most students (59 %) were 
grouped into the same subgroup independent of the methodological 
approach used.2 The relationship between the two methodological ap-
proaches was Cramer's V = 0.67, which can be interpreted as a strong 
relationship (Cohen, 1977). 

We further conducted sensitivity analyses to determine whether a 
different criterion for defining the high-achieving student sample and 
subgroups would have changed our results. Hence, we used high- 
achieving students as the overall analysis sample who scored at or 
above the 90th percentile in at least one of the three achievement in-
dicators (N = 839). With this subsample, we again conducted the cut-off 
score and LPA approach with the class-varying diagonal model. The 
detected subgroups from these analyses showed very similar patterns 
compared to our main analyses (see Appendices F and G). Although the 
overlap between the two approaches on an individual level was lower 
(47 %) when the 90th percentile was used as the cut-off score, on an 
aggregated level, comparable results regarding high-achieving student 
subgroups across the different cut-off scores were found.3 

4.4. Motivational-affective characteristics of the high-achieving student 
subgroups 

Table 7 presents the descriptive statistics for each detected sub-
group's imputed motivational-affective characteristics. Table 8 presents 
the regression analyses of the motivational-affective characteristics for 
the cut-off score subgroups. All subgroups consistently showed signifi-
cantly lower motivational-affective characteristics than the Top Per-
formers. One exception is the smallest subgroup containing the Wise 
Operators, who showed no significant differences from Top Performers' 
perseverance, mathematics interest, and instrumental motivation for 
mathematics. Second, Wise Learners showed no significant differences 
in instrumental motivation for mathematics from Top Performers. 
Overall, next to the Top Performers, Wise Operators and Overachievers 
showed relatively high motivational-affective characteristics. 

Table 9 presents the regression analyses of the motivational-affective 
characteristics for the LPA subgroups, which were similar to the cut-off 
score subgroups. Again, Top Performers showed the highest 

perseverance, mathematics self-efficacy, mathematics interest, and 
instrumental motivation for mathematics. All other subgroups showed 
significantly lower motivational-affective characteristics. 

Independent of the used approach, the four subgroups found by both 
methodological approaches (i.e., Top Performers, Overachievers, Op-
erators, and Underachievers) showed similar results regarding their 
motivational-affective characteristics. Top Performers showed the 
highest motivational-affective characteristics. Overachievers, Opera-
tors, and Underachievers showed significantly lower scores across all 
motivational-affective characteristics. 

5. Discussion 

The present study examined the identification of high-achieving 
student subgroups by comparing the cut-off score and LPA approach 
(RQ1) and characterized the identified subgroups regarding their 
motivational-affective characteristics (RQ2). Key findings were: (1) On 
the aggregated level, both approaches revealed the four largest high- 
achieving student subgroups. On the individual level, there was an 
overlap of 59 %. (2) Top Performers showed the highest motivational- 
affective characteristics, whereas Underachievers showed relatively 
low motivational-affective characteristics independent of the method-
ological approach used. 

5.1. High-achieving student subgroups based on achievement indicators 

The cut-off score and the LPA approach only partially identified 
comparable high-achieving student subgroups. Both approaches 
revealed the following subgroups that have also been identified in pre-
vious research investigating subgroups of high-achieving students using 
multiple achievement indicators (e.g., Agaliotis & Kalyva, 2019; Hofer & 
Stern, 2016; Leikin et al., 2017): Top Performers, Overachievers, and 
Underachievers. In addition, a group of Operators–defined through high 
application-oriented mathematical competence–was found through 
both approaches. Although different numbers of subgroups emerged 
from the methodological approaches, the overlap of assigning students 
to the same subgroups (59 %) can be rated as quite high. In particular, 
both approaches identify the larger–and thus, for educational practice, 
most relevant–subgroups of high-achieving students quite reliable. 

The Learners, Wise Learners, and Wise Operators detected through 
the cut-off score approach were mostly assigned to the LPA Over-
achievers. The result that the LPA Overachiever subgroup is scattered 
across all subgroups identified by the cut-off score approach could be 
explained methodologically. As the LPA Overachievers show achieve-
ment scores quite close to the achievement scores of the overall high- 
achieving student sample and the cut-off scores of the three achieve-
ment indicators, the distance between the LPA Overachievers and stu-
dents from other subgroups might be quite small. As the LPA aims to 
maximize “the homogeneity within subgroups while maximizing the 
heterogeneity between subgroups” (Mammadov et al., 2016, p. 177), 
these students might be summarized within the LPA Overachiever sub-
group. Further, the Wise Operator and the Wise Learner subgroups were 
quite small (3.77 % and 5.05 %) and were not detected through the LPA 
approach. Therefore their generalizability and utility for educational 
practice might be questionable. It would be interesting to see if those 
subgroups also exist in other datasets as we can see from our data that 
the achievement indicators as well as the motivational-affective char-
acteristics do differ for these groups with the cut-off score approach 
compared to the other high-achieving student subgroups. 

Our sensitivity analysis showed that similar results would appear on 
an aggregated level if a narrower definition of high-achieving students 
(90th percentile) is used. On an individual level, the overlap decreased 
(47 %). This smaller overlap might be due to the subgroups that 
appeared only in one approach. They are, by definition, a disagreement 
and carry more weight in a smaller sample. Overall, both approaches 
showed advantages when identifying high-achieving students: The cut- 

2 When using the seven profile solution of the LPA, which would have the 
same number of subgroups as the cut-off score approach, the same overlap (59 
%) between the two approaches on an individual level was found.  

3 When we rerun the same LPA (class-varying diagonal model) for the whole 
student sample, including high-achieving and not-as-high-achieving identified 
students (N = 5154), we found that for the five profile solution, the shape of 
two Underachiever subgroups and two Overachiever subgroups appeared. The 
largest and fifth subgroup was a profile with nearly the same average 
achievement on all three achievement indicators. 
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Table 6 
Cross table between the cut-off score subgroups (rows) and the LPA subgroups (columns).   

Top Performer Overachiever Underachiever 1 Underachiever 2 Operator Total 

Top Performer 257 140 0 0 0 397 
Overachiever 103 235 0 0 5 343 
Underachiever 0 29 166 120 0 315 
Operator 0 54 0 0 143 197 
Learner 0 173 0 0 0 173 
Wise Learner 5 69 2 3 0 79 
Wise Operator 0 39 0 17 3 59 
Total 365 739 168 140 151 1563 

Note. The numbers presented in bold are the cases that belong to the same subgroup independent of the used methodological approach. 

Table 7 
Descriptive statistics of the motivational-affective characteristics for each subgroup.   

PERSEV MATHEFF INTMAT INSTMOT 

M SD M SD M SD M SD 

Top Performer  0.35a  0.95  1.14  0.85  0.35  0.99  0.25  0.96 
Overachiever  0.12  0.92  0.95  0.86  0.02  0.99  − 0.05  0.99 
Underachiever  − 0.10  0.93  0.17  0.87  − 0.18  1.04  − 0.25  0.97 
Operator  0.04  1.00  0.62  0.80  − 0.37  1.04  − 0.22  1.03 
Learner  − 0.06  0.97  0.43  0.84  − 0.32  0.99  − 0.37  1.02 
Wise Learner  − 0.06  0.86  0.39  0.91  − 0.04  1.13  − 0.08  0.93 
Wise Operator  0.11  0.84  0.84  0.93  0.24  1.04  0.16  1.08 
Top Performer  0.43  0.99  1.23  0.85  0.42  0.97  0.28  0.96 
Overachiever  0.03  0.90  0.71  0.88  − 0.09  1.02  − 0.13  1.00 
Underachiever 1  − 0.18  0.97  − 0.04  0.84  − 0.16  1.03  − 0.25  0.98 
Underachiever 2  − 0.01  0.88  0.38  0.79  − 0.13  1.08  − 0.17  0.96 
Operator  0.00  1.01  0.60  0.80  − 0.44  1.02  − 0.30  1.06 

Note. PERSEV = perseverance; MATHEFF = mathematics self-efficacy; INTMAT = mathematics interest; INSTMOT = instrumental motivation for mathematics. The 
upper part of the table represents the cut-off score subgroups, and the lower part the LPA subgroups. 

a The difference from Table 8 (M = 0.36) is due to rounding differences in the imputed data. 

Table 8 
Regression analysis with each cut-off score subgroup and motivational-affective characteristics.  

Subgroup N PERSEV MATHEFF INTMAT INSTMOT 

B SE tB B SE tB B SE tB B SE tB 

Constanta  397  0.36  0.06  6.11*  1.14  0.06  20.93*  0.35  0.06  5.74*  0.25  0.06  4.02* 
Wise Operator  59  − 0.24  0.14  − 1.70  − 0.31  0.15  − 2.06*  − 0.11  0.18  − 0.63  − 0.09  0.19  − 0.47 
Wise Learner  79  − 0.41  0.16  − 2.63*  − 0.75  0.14  − 5.57*  − 0.39  0.17  − 2.30*  − 0.32  0.15  − 2.12 
Learner  173  − 0.41  0.10  − 3.96*  − 0.71  0.09  − 7.72*  − 0.67  0.11  − 6.07*  − 0.62  0.11  − 5.52* 
Operator  197  − 0.31  0.11  − 2.90*  − 0.53  0.10  − 5.18*  − 0.72  0.11  − 6.60*  − 0.47  0.11  − 4.25* 
Underachiever  315  − 0.46  0.10  − 4.81*  − 0.98  0.08  − 11.78*  − 0.53  0.09  − 5.71*  − 0.49  0.09  − 5.30* 
Overachiever  343  − 0.23  0.09  − 2.61*  − 0.20  0.08  − 2.36*  − 0.34  0.10  − 3.50*  − 0.29  0.09  − 3.15* 

Note. N = 1563. PERSEV = perseverance; MATHEFF = mathematics self-efficacy; INTMAT = mathematics interest; INSTMOT = instrumental motivation for math-
ematics. * indicates a significant result at the α = 0.05 level after applying the Bonferroni-Holm correction. 

a The Top Performer subgroup functions as reference group = constant. 

Table 9 
Regression analysis with each LPA subgroup and motivational-affective characteristics.  

Subgroup N PERSEV MATHEFF INTMAT INSTMOT 

B SE tB B SE tB B SE tB B SE tB 

Constanta  365  0.43  0.06  6.67*  1.23  0.06  21.51*  0.42  0.06  6.71*  0.28  0.06  4.45* 
Operator  151  − 0.43  0.12  − 3.53*  − 0.63  0.11  − 5.85*  − 0.86  0.12  − 7.45*  − 0.58  0.12  − 4.81* 
Underachiever 1  168  − 0.61  0.12  − 5.25*  − 1.27  0.10  − 12.87*  − 0.58  0.12  − 4.81*  − 0.54  0.12  − 4.62* 
Underachiever 2  140  − 0.44  0.11  − 3.85*  − 0.85  0.10  − 8.34*  − 0.55  0.13  − 4.40*  − 0.45  0.12  − 3.69* 
Overachiever  739  − 0.40  0.08  − 5.09*  − 0.52  0.07  − 7.50*  − 0.51  0.08  − 6.52*  − 0.41  0.08  − 5.03* 

Note. N = 1563. PERSEV = perseverance; MATHEFF = mathematics self-efficacy; INTMAT = mathematics interest; INSTMOT = instrumental motivation for math-
ematics. * indicates a significant result at the α = 0.05 level after applying the Bonferroni-Holm correction. 

a The Top Performer subgroup functions as reference group = constant. 
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off score approach focused on the assignment of each individual ac-
cording to his or her achievement pattern. Therefore, each individual 
represented the overall achievement pattern of the subgroup (e.g., value 
above the cut-off score of the mathematical competences and value 
below the cut-off score of figural reasoning), and various subgroups with 
clear qualitative shape differences were detected. In contrast, the LPA 
approach created homogeneous subgroups by minimizing heterogeneity 
across all used achievement indicators within subgroups (Mammadov 
et al., 2016). Therefore, not every individual represented the overall 
achievement pattern of the subgroup. The advantage of the LPA 
approach is that students who score close to a cut-off score are not 
automatically split arbitrarily into two groups but can be summarized 
within one group or separated following quantitative level differences. 
Accordingly, our results showed that the Top Performers and Over-
achievers detected through the cut-off score approach differed clearly 
regarding their qualitative shape. In contrast, the Top Performers and 
Overachievers detected through the LPA approach differed mainly 
regarding their quantitative level. 

Hence, if the aim would be to investigate subgroups with shape 
differences in achievement indicators, the cut-off score approach might 
be more useful. This could be relevant when qualitatively different 
promotion programs focus on different achievement areas, and the goal 
would be to assign high-achieving students to these different programs. 
On the other hand, the LPA approach additionally found subgroups, 
which differed mainly regarding their quantitative level (consistently 
lower vs. higher scores; cf. Morin & Marsh, 2015) across the three 
achievement indicators (e.g., Underachiever 1 vs. Underachiever 2 
subgroup). Therefore, the LPA approach would be more helpful if the 
aim would be to identify high-achieving student subgroups that show 
quantitative level differences. This might be relevant if promotion pro-
grams focus on the same achievement area but consider different 
achievement levels. 

In sum, our results encourage to apply multidimensional models of 
high achievement that include different facets of achievement (e.g., 
Cattell, 1943; Heller et al., 2005; Saß et al., 2017; Stoeger, 2009) and 
disprove the myth that high-achieving students are one homogeneous 
group (cf. Reis & Renzulli, 2009). This is in accordance with previous 
research that found remarkable achievement heterogeneity across 
different achievement indicators for high-achieving student subgroups 
(e.g., Castejón et al., 2016; Hofer & Stern, 2016; Leikin et al., 2017; 
Lohman et al., 2008). The positive relationships between the achieve-
ment indicators revealed from variable-centered approaches (e.g., 
Ehmke et al., 2017; Taub et al., 2008) did not hold true for all the 
different high-achieving student subgroups. 

5.2. High-achieving students' motivational-affective characteristics 

One possible explanation for the achievement heterogeneity are 
motivational-affective characteristics (e.g., Heller et al., 2005). Our re-
sults showed that high-achieving student subgroups differed regarding 
their motivational-affective characteristics. According to our expecta-
tions, Top Performers–which were used as a reference group because 
they already translated their domain-general potential into domain- 
specific achievement and can therefore be seen as the target state-
–reported the most positive motivational-affective characteristics 
compared to the other subgroups. The largest differences were found for 
mathematics self-efficacy. Here, in line with our hypothesis and previ-
ous studies (e.g., Obergriesser & Stoeger, 2015), Underachievers showed 
especially low scores. In turn, fostering Underachievers' self-efficacy 
through individualized support may help them turn their potential 
into achievement. 

For educational practice, to help high-achieving students reach the 
target state of Top Performers, there are two possibilities: promoting 
achievement or fostering motivational-affective characteristics. As both 
areas are interrelated (e.g., Arens et al., 2017; Lee & Stankov, 2018), 
fostering one area might also have positive consequences for the other 
area. However, the higher malleability of motivational-affective char-
acteristics compared to, for example, intelligence (Schonert-Reichl et al., 
2017) may make this intervention path especially interesting and 
promising. Effective programs for students' promotion of motivational- 
affective characteristics already exist (cf. Mahoney et al., 2018). These 
interventions could be applied to high-achieving students as well. 
Hornstra et al. (2020) showed that promoting high-achieving students' 
motivation is similar to promoting average-achieving students' motiva-
tion. In line with the idea of using the development of motivational- 
affective characteristics as a starting point, a current meta-analysis 
showed that interventions for Underachievers did not necessarily 
improve academic achievement but consistently enhanced 
motivational-affective characteristics (Steenbergen-Hu et al., 2020). 

Following the proposed twofold multidimensional approach-
–considering different achievement indicators and including 
motivational-affective characteristics–a promising instructional 
approach for supporting subgroups of (high-achieving) students in 
classrooms is differentiated instruction (Ziernwald et al., 2022; Deunk 
et al., 2018; Smale-Jacobse et al., 2019). This approach aims to proac-
tively plan and apply different teaching methods, which take into ac-
count differences in students' abilities, learning needs, and interests 
(Tomlinson, 2001). With this differentiated view, the current study can 
help to adapt existing support programs or create new ones to help 
students realize their full potential. Although the knowledge about 
identifying and characterizing high-achieving students is an important 
and necessary prerequisite to adapt teaching appropriately (e.g., 
Castejón et al., 2016), it is not sufficient. Therefore, future studies 
should investigate from which teaching strategies the different high- 
achieving student subgroups benefit the most. 

5.3. Limitations and future research 

As the present study focused exclusively on mathematics for the 
domain-specific achievement indicators, it remains an open question 
whether the results can be applied to other domains. For the general 
relationship between achievement in different domains, Holenstein 
et al. (2021) showed in a longitudinal study with secondary students 
that mathematical competence was related to academic achievement in 
various school domains, such as reading comprehension and scientific 
literacy, when tested four years later. Another study focusing on science, 
which defined high-achieving students as students scoring in the top 20 
% in PISA 2012, found that 56 % of these students showed high math-
ematics, science, and reading achievement, and further 32 % showed 
high achievement in science and one other domain (Schmidtner, 2017). 
Accordingly, we would assume that quite a high overlap between the 
different achievement domains exists, and high-achieving students, to a 
great extent, show high achievement in different domains and not only 
in one domain. For the identification of different subgroups, we would 
assume that similar subgroups would have been detected regardless of 
the achievement domain, as the focus of the subgroups is less on the 
specific content of mathematical competence but more on domain- 
general vs. application-oriented vs. curriculum-oriented competence. 
However, future studies may investigate to what extent these assump-
tions can be empirically supported by including achievement indicators 
from different domains. In addition, for analyzing the relationship be-
tween high-achieving students' potential and their current achievement, 
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additional motivational-affective characteristics such as self-concept 
and achievement goals could be included. Hints that there might be 
differences between high-achieving student subgroups in self-concept 
and achievement goals (e.g., master goals) have been shown in previ-
ous research comparing high-achieving versus non-high-achieving 
gifted students (e.g., Lüftenegger et al., 2015). 

Further, the current study is based on cross-sectional data. Therefore, 
no transitions between subgroups could be investigated. Empirical 
studies showed that mathematical competence, as well as intelligence, 
are quite stable over a longer period of time (Holenstein et al. (2021); 
Larsen et al., 2008; Yu et al., 2018), which leads to the assumption that 
the detected subgroups might also be stable over a longer period of time. 
However, especially through interventions, motivational-affective 
characteristics–that are (reciprocally) connected with achievement (e. 
g., Arens et al., 2017; Lee & Stankov, 2018)–could change (e.g., Steen-
bergen-Hu et al., 2020). Therefore, transitions between subgroups later 
on are also conceivable. Future studies may examine the identification 
and development of high-achieving student subgroups by investigating 
achievement indicators and motivational-affective characteristics across 
time. 

What should be taken into account when interpreting the achieve-
ment level reached in the current study is that testing was under low- 
stakes conditions. An advantage of low-stakes testing might be that 
test anxiety is lower compared to high-stakes testing, and therefore, 
achievement can be measured more appropriately (cf. Finn, 2015). 
Further, in our study, three-quarters of the high-achieving students 
indicated that they were trying the PISA test just as hard or just a little 
less hard compared to a personally highly important situation. However, 
it may be that students would have shown more effort in high-stakes 
testing, which in turn may have been reflected in somewhat higher 
achievement and more students classified as high-achieving and espe-
cially as Top Performers. Further, a decline in test motivation may have 
also influenced the BEFKI achievement, measured at the end of the 
second test day. For example, Lindner et al. (2019) showed that 

increasing testing time raised the probability of guessing behavior. This 
possible decline in motivation might have resulted in an overestimation 
of Overachievers. However, the authors also showed that high-achieving 
students were less likely to start guessing at an early time than students 
with lower achievement. 

6. Conclusion 

The present study's added value is (a) a direct comparison of two 
methodological approaches, namely the cut-off score and the LPA 
approach, (b) the use of multiple achievement indicators, and (c) the 
examination of motivational-affective characteristics. Both approaches 
revealed the four largest high-achieving student subgroups defined 
through the cut-off score approach, namely Top Performers, Over-
achievers, Underachievers, and Operators. The heterogeneity of high- 
achieving students could be unraveled more by the comprehensive 
consideration of domain-general and domain-specific achievement in-
dicators as well as motivational-affective characteristics. In order to 
support high-achieving students in transferring their potential into 
achievement, our results suggest that both cognitive competences and 
motivational-affective characteristics should be taken into account. 
Hence, the study emphasizes the importance of a multidimensional 
understanding of high-achieving students. This may help to raise the 
awareness of researchers, teacher educators, and teachers that learning 
is a highly individual process and that, thereby, for teaching and pro-
motion, it is not enough to distinguish between high-, average-, and low- 
achieving students. Only when there is an awareness of this large 
achievement and motivational-affective heterogeneity–also within high- 
, average- or low-achieving student subgroups–can students be educated 
in the best possible way according to their individual needs. 
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Appendix A. Achievement indicators' main characteristics  

Achievement indicator Main characteristics 

Fluid intelligence 
(Baumert et al., 2009; Cattell, 1943; Schulze et al., 2005) 

• Domain-general achievement 
• Focus on decontextualized knowledge without content-specific knowledge 
• Measured through the deductive reasoning subscale (BEFKI) 

Curriculum-oriented mathematical competence 
(Hartig & Frey, 2012; KMK, 2016b; Pant et al., 2013a; Roppelt, 
Blum, & Pöhlmann, 2013) 

• Domain-specific achievement 
• Focus on curricular competences and contains next to application-oriented tasks also tasks without real- 
world context (purely mathematical tasks) 
• Measured through the mathematics global scale in NAS 

Application-oriented mathematical competence 
(de Lange, 2006; OECD, 2013a) 

• Domain-specific achievement 
• Focus on the application of acquired mathematical knowledge in everyday contexts (i.e., personal, 
occupational, societal, and scientific) 
• Measured through the mathematics global scale in PISA  
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Appendix B. Released sample items for mathematical competences in PISA and NAS 

PISA (adapted from OECD, 2013b)

NAS (translated from IQB, 2018)
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Appendix C. Correlations of the achievement indicators for each subgroup  

Subgroup Correlation 
PISA & NAS 

Correlation 
PISA & BEFKI 

Correlation 
NAS & BEFKI 

Wise operator  − 0.09  − 0.09  0.01 
Wise learner  0.29*  0.25*  0.23* 
Learner  0.13  0.14  0.04 
Operator  0.02  − 0.11  0.18* 
Underachiever  0.58*  0.03  0.10 
Overachiever  0.46*  0.05  0.17* 
Top performer  0.49*  0.08  0.22* 
Operator  − 0.12  − 0.15  − 0.08 
Underachiever 1  0.28*  0.12  0.19* 
Underachiever 2  − 0.06  0.17*  − 0.06 
top performer  0.15*  − 0.07  0.17* 
Overachiever  0.04  − 0.02  − 0.11* 

Note. PISA = application-oriented mathematics; NAS = curriculum-oriented mathematics; BEFKI = figural 
reasoning. The upper part of the table represents the cut-off score subgroups and the lower part the LPA 
subgroups. 

* p < .05. 

Appendix D. Percentage of girls and students attending the highest school track (gymnasium) for each subgroup  

Cut-off score subgroup Percentage girls Percentage highest school track LPA subgroup Percentage girls Percentage highest school track 

Underachiever 58.4 % 47.3 % Underachiever 1 61.3 % 32.7 % 
Wise Learner 59.5 % 73.4 % Underachiever 2 57.9 % 63.6 % 
Wise Operator 50.8 % 74.6 % Operator 31.1 % 74.2 % 
Operator 33.5 % 76.1 % Overachiever 47.2 % 84.4 % 
Learner 55.5 % 83.8 % Top Performer 36.2 % 95.9 % 
Top Performer 41.1 % 91.7 %    
Overachiever 36.7 % 93.3 %     

Appendix E. Means (±2 SE) of the achievement indicators for each of the 7 LPA subgroups

Note. PISA = application-oriented mathematics; NAS = curriculum-oriented mathematics; BEFKI = figural reasoning. 
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Appendix F. Means (±2 SE) of the achievement indicators for each cut-off score subgroup with the 90th percentile sample

Appendix G. Means (±2 SE) of the achievement indicators for each of the 5 LPA subgroups with the 90th percentile sample
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Ländervergleich 2012: Mathematische und naturwissenschaftliche Kompetenzen am Ende 
der Sekundarstufe I (pp. 391–402). Waxmann.  

Heller, K. A., Perleth, C., & Lim, T. K. (2005). The Munich model of giftedness designed 
to identify and promote gifted students. In R. J. Sternberg, & J. E. Davidson (Eds.), 
Conceptions of giftedness (pp. 147–170). Cambridge University Press. https://doi.org/ 
10.1017/CBO9780511610455.010.  

Hickendorff, M., Edelsbrunner, P. A., McMullen, J., Schneider, M., & Trezise, K. (2018). 
Informative tools for characterizing individual differences in learning: Latent class, 
latent profile, and latent transition analysis. Learning and Individual Differences, 66, 
4–15. https://doi.org/10.1016/j.lindif.2017.11.001 

Hidi, S., & Renninger, A. (2006). The four-phase model of interest development. 
Educational Psychologist, 41(2), 111–127. https://doi.org/10.1207/ 
s15326985ep4102_4 

Hofer, S. I., & Stern, E. (2016). Underachievement in physics: When intelligent girls fail. 
Learning and Individual Differences, 51, 119–131. https://doi.org/10.1016/j. 
lindif.2016.08.006 

Holenstein, M., Bruckmaier, G., & Grob, A. (2021). Transfer effects of mathematical 
literacy: An integrative longitudinal study. European Journal of Psychology of 
Education, 36, 799–825. https://doi.org/10.1007/s10212-020-00491-4 

Hong, E., & Aqui, Y. (2004). Cognitive and motivational characteristics of adolescents 
gifted in mathematics: Comparisons among students with different types of 
giftedness. Gifted Child Quarterly, 48(3), 191–201. https://doi.org/10.1177/ 
001698620404800304 

Hong, W., Bernacki, M. L., & Perera, H. N. (2020). A latent profile analysis of 
undergraduates' achievement motivations and metacognitive behaviors, and their 
relations to achievement in science. Journal of Educational Psychology, 112(7), 
1409–1430. https://doi.org/10.1037/edu0000445 

Hornstra, L., Bakx, A., Mathijssen, S., & Denissen, J. J. (2020). Motivating gifted and non- 
gifted students in regular primary schools: A self-determination perspective. Learning 
and Individual Differences, 80. https://doi.org/10.1016/j.lindif.2020.101871. 
preprint. 

Howard, M. C., & Hoffman, M. E. (2018). Variable-centered, person-centered, and 
person-specific approaches. Organizational Research Methods, 21(4), 846–876. 
https://doi.org/10.1177/1094428117744021 

Institute of Medicine. (2007). Rising above the gathering storm: Energizing and 
employing America for a brighter economic future. National Academies Press. https:// 
doi.org/10.17226/11463 

IQB. (2018). Beispielaufgaben Mathematik – Das unmögliche Dreieck [Released Sample 
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Abstract
Promoting high-achieving students plays an important role in the school context. Hence,
one promising support measure within the mixed-ability classroom is differentiated instruc-
tion (DI). The current systematic review examined (1) the impact of DI on high-achieving
students’ outcomes, (2) to what extent DI is used, (3) how useful teachers and high-achiev-
ing students perceive DI, and (4) which barriers and facilitators are encountered in DI’s
implementation. Forty-nine studies from 2000 to 2019 were included. Differentiated
instruction impacted high-achieving students’ academic achievement and motivational-affec-
tive characteristics predominantly positive. However, there was considerable heterogeneity
between and within studies. Teachers typically did not use DI for high-achieving students
proactively nor on a regular basis. However, teachers and high-achieving students perceived
DI as valuable for encouraging high-achieving students. The barriers found might help to
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Encouraging all students according to their individual skills and helping them
realize their full potential is essential in the context of educational equity
(General Assembly of the United Nations, 2019; Kultusministerkonferenz, 2009,
2015). High-achieving students are thereby described as a crucial resource for
society and the world (Kahveci & Akgül, 2014; Ninkov, 2020). The current
research synthesis investigated the promotion of high-achieving students inside
mixed-ability classrooms.

The focus on mixed-ability classrooms has various advantages. First, most high-
achieving students are taught most of the time in mixed-ability classrooms (Betts,
2004; Dreeszen, 2009; White et al., 2003; Ysseldyke et al., 2004; Yuen et al.,
2018). Second, special support measures outside the mixed-ability classroom
have decreased (Latz et al., 2008; Tomlinson et al., 2003) and are frequently not
accessible because of limited financial and organizational resources (Endepohls-
Ulpe, 2017). Third, compared to pull-out programs, where students are removed
from their regular classroom to supplement their classroom curriculum for a spe-
cific amount of time per week (Gubbins, 2013), students can be challenged daily
through promotion inside mixed-ability classrooms (Dreeszen, 2009). Fourth, the
inclusion of high-achieving students in mixed-ability classrooms can positively
affect them, as well as their classmates with differing abilities, by raising the stan-
dard of learning (Ninkov, 2020). Fifth, high-achieving students, their parents, and
teachers favor support measures integrated into the mixed-ability classroom compared
to segregated measures like special classes (Shayshon et al., 2014; Sparfeldt et al.,
2004).

However, so far, only little is known about the effectiveness of instructional prac-
tices for high-achieving students in mixed-ability classrooms (Barbier et al., 2022).
One promising approach for promoting high-achieving students within mixed-ability
classrooms is differentiated instruction (DI). It addresses students’ heterogeneity and
aims to educate them adequately according to their individual needs (Tomlinson,
2001).

Theoretical Framework of DI and Its Role for High-Achieving Students

Differentiated instruction can be seen as a part of the broader construct differentiation,
which not only includes DI during a lesson but also student assessment, evaluation,
philosophical aspects, and more general principles (cf. Smale-Jacobse et al., 2019;
Tomlinson, 2014). To attain a clear focus despite the fuzzy construct of differentiation
(Deunk et al., 2018), we focused the current systematic review on DI in mixed-ability
classrooms, which contains two main aspects: (a) instructional practices and (b) orga-
nizational aspects (Smale-Jacobse et al., 2019). DI covers various instructional prac-
tices such as tiered tasks, scaffolds, and adaptive learning materials. The
organizational aspect contains structures for DI, such as within-class grouping arrange-
ments (Deunk et al., 2018; Puzio et al., 2020; Smale-Jacobse et al., 2019; Tomlinson,
2014). Another construct that considers the needs of individual students and provides
corresponding learning opportunities for each student is individualization. In the

Ziernwald et al. 541



current systematic review, individualization is included as a part of DI as it can be seen
as an extreme type of DI, where instructional practices are not adapted for student sub-
groups (e.g., high-achievers) but for the individual student (Bohl et al., 2012; Dumont,
2018; Smale-Jacobse et al., 2019).

Three current research syntheses (Deunk et al., 2018; Puzio et al., 2020;
Smale-Jacobse et al., 2019) and a literature review (Bondie et al., 2019) focused on
the definition, operationalization, barriers and facilitators, and effectiveness of DI
and underlined its potential to promote students according to their individual needs.
Although DI is integrated into different models for the education of high-achieving stu-
dents (e.g., Kaplan, 1986; Maker & Schiever, 2010; Moon et al., 2009; Williams,
1986), DI has not been investigated through a research synthesis with the focus on
high-achieving students in mixed-ability classrooms so far.

The overarching aim of DI is to build on the commonalities of the whole class while
also considering students’ differences so that everyone has the opportunity to learn
effectively (Tomlinson, 2001). Therefore, DI can, by definition, improve the learning
of all students in mixed-ability classrooms but might be particularly helpful for high-
achieving students (Troxclair, 2000; Yuen et al., 2018). Borland (2005, pp. 1–2) stated
that “high-achieving or high-ability students are among those who are the most ill-
served when curriculum and instruction are not differentiated.”

Research on the Impact of DI on Students’ Outcomes

Recent studies have addressed the impact of DI in different contexts. Bal (2016), as an
example, investigated DI through tiered instructional practices, including appropriately
differentiated worksheets, activities, and other materials, according to the students’
readiness level and learning styles in mathematics lessons. It was shown that these
sixth-grade students improved their mathematics achievement compared to a control
group taught traditionally. The students’ positive opinions regarding their mathematics
achievement and motivational-affective development supported these objective test
results. In mixed-ability classrooms, DI can be either evaluated concerning the
general impact (i.e., on all students, cf. Bal, 2016) or concerning differential impacts
(i.e., on low-, average-, and high-achieving students, cf. Meyer et al., 2011).

Moreover, the impact on student outcomes can be evaluated through academic
achievement and motivational-affective characteristics. Motivational-affective charac-
teristics, such as attitudes toward reading, performance avoidance, and motivational
beliefs, are related to academic achievement and play an important role in the academic
and occupational success (Gutman & Schoon, 2013; OECD, 2013, 2019). This per-
spective is also reflected in the field of giftedness, where multidimensional
approaches—including achievement factors and motivational-affective characteris-
tics—are strongly represented (Heller et al., 2005; Stoeger, 2009). Previous research
syntheses showed that enrichment and acceleration for high-achieving students
could have differential effects on academic achievement and motivational-affective
characteristics (Kim, 2016; Steenbergen-Hu & Moon, 2011). The current study sum-
marized different motivational and emotional constructs, sometimes also named
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noncognitive characteristics (Heller et al., 2005), such as motivational beliefs and atti-
tudes under the term motivational-affective characteristics.

Recently, increased efforts have been made to synthesize the existing empirical evi-
dence regarding the impact of DI on all students—independent of whether they were
identified as high achievers or not. Two current research syntheses investigated DI in
the context of primary (Deunk et al., 2018) and secondary education (Smale-Jacobse
et al., 2019). Deunk et al. (2018) investigated the effects of four categories of DI,
namely between-class and within-class homogeneous ability grouping, computerized
differentiation tools, and differentiation as part of a broader program on students’ lan-
guage or mathematics achievement. They concluded that DI—either based on com-
puter systems or embedded in a broader program—showed small to moderate
positive effects on students’ achievement for the whole student sample.
Smale-Jacobse et al. (2019) investigated the effectiveness of within-class DI from
2006 to 2016 on students’ academic achievement. They concluded that many different
forms of DI (e.g., ability grouping, tiering, and individualization) had been used in the
primary studies and that DI showed mostly small to moderate positive effects on stu-
dents’ academic achievement. Moreover, Smale-Jacobse et al. (2019) emphasized that
future studies on DI should investigate academic achievement along with
motivational-affective characteristics. A systematic review and meta-analysis investi-
gated DI in the context of literacy instruction (Puzio et al., 2020) and found an
overall positive effect on students’ literacy achievement. Again, various forms of DI
(e.g., individualization, alternate curriculum) were investigated. Although these
research syntheses showed that DI could positively influence students’ academic
achievement in the whole investigated mixed-ability sample, a systematic investigation
regarding the impact of DI on high-achieving students in mixed-ability classrooms did
not take place so far.

Conditions for Implementing DI

To promote high-achieving students, the impact of DI is important, and that teachers
regularly implement this approach in their mixed-ability classrooms. Without imple-
menting DI, the potential that may exist cannot unfold. If, for example, hands-on activ-
ities were used every day or once a week, students’ science achievement was
significantly higher compared to students who were engaged in these activities only
once a month or less (Stohr-Hunt, 1996). Reis and Renzulli (2010) reviewed the liter-
ature on gifted education and concluded that, at least in America, DI has only been
implemented to a very small extent. This is in accordance with studies from the
1990s that found that DI is not used regularly for high-achieving students
(Archambault et al., 1993; Matthews, 1992; Westberg et al., 1993). Westberg et al.
(1993) observed high-achieving students’ instruction in 46 grades 3 and 4 mixed-
ability classrooms. It was found that 84% of the high-achieving students’ instructional
activities across five subjects included no DI. So far, a current systematic overview of
how often and to what extent teachers use DI for high-achieving students in mixed-
ability classrooms is missing (cf. Bondie et al., 2019).

Ziernwald et al. 543



Research has shown that practitioners’ beliefs and expectations (e.g., importance or
usefulness of instructional practices) were related to the (intended) use of different
instructional practices in the classroom (Bondie et al., 2019; Gebauer & McElvany,
2017; Trivette et al., 2012). The empirical evidence for instructional practices alone
does not automatically lead to their implementation into practice (Missett et al.,
2014). Therefore, besides the impact of DI on high-achieving students’ outcomes,
how teachers and high-achieving students evaluate DI’s utility for promoting high-
achieving students in mixed-ability classrooms is important, as it could influence the
probability of its implementation. As students and teachers might focus on different
aspects of DI, both perspectives are valuable and complement each other (Kunter &
Baumert, 2006). Studies from the 1990s already hinted that teachers and high-
achieving students perceived DI as a useful instructional approach in mixed-ability
classrooms (Friedman & Lee, 1996; Hughes, 1999).

Finally, previous studies regarding DI have shown that teachers need assistance in
handling heterogeneity in the classroom. In this context, possible barriers occurring
during the implementation of DI, for example, time constraints, should be investigated
(Bondie et al., 2019; Deunk et al., 2018; Subban, 2006). Teachers who do not feel com-
petent to differentiate instruction will not implement DI in a meaningful way (Dixon
et al., 2014). However, previous research also found some facilitators for implement-
ing DI, such as colleagues, mentors, and control in decision-making (Bondie et al.,
2019; Puzio et al., 2015). Hence, investigating barriers and facilitators while imple-
menting DI for high-achieving students in mixed-ability classrooms might help
support successful implementation in the future (Russell, 2018).

Present Study

Despite growing efforts regarding DI, knowledge gaps (e.g., an overview of the impact
on motivational-affective characteristics and teachers’ subjective experiences with DI)
still exist, and the differential impact on high-achieving students is still inconclusive
(Deunk et al., 2018; Smale-Jacobse et al., 2019; Subban, 2006).

Instructional approaches, such as DI, may positively affect the whole investigated
sample but not necessarily high-achieving students (Connor et al., 2011; Cronbach
& Snow, 1977). In addition to DI’s differential impact, the extent of use, the perceived
utility, and barriers and facilitators for implementing DI have not yet been systemati-
cally summarized, focusing on high-achieving students. Thus, in the present study, we
conducted a systematic mixed-methods review to address the following four research
questions (RQs):

1. Which impact does DI have on high-achieving students regarding their aca-
demic achievement and motivational-affective characteristics?

2. To what extent do teachers use DI for high-achieving students?
3. How useful is DI perceived to be for high-achieving students by

a. teachers and
b. high-achieving students themselves?
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4. What are the
a. barriers and
b. facilitators for school staff in implementing DI for high-achieving students?

To answer these questions, we conducted a systematic mixed-methods review, as it has
the potential to answer them more comprehensively, more concretely, and in greater
detail by using the advantages of both the qualitative and the quantitative methods
(Heyvaert et al., 2013; Smale-Jacobse et al., 2019). High-achieving students are
defined as students showing outstanding achievement (National Association for
Gifted Children, 2010), which can be operationalized in different ways. We used a
broad definition of high-achieving students to include students who showed high aca-
demic achievement relative to their classmates (e.g., top third or top quarter of the class
achievement distribution) and gifted students (e.g., defined through an IQ > 130). This
definition was appropriate in our study since our focus was on high-achieving students
in mixed-ability classrooms rather than gifted students in specialized gifted programs.
We excluded studies investigating only underachieving students as our systematic
review focused on mixed-ability classrooms and because underachieving students
differ in their characteristics from high-achieving students (Agaliotis & Kalyva,
2019; McCoach & Siegle, 2003). Finally, we investigated primary and secondary edu-
cation since DI is important in both settings. In untracked primary education, students’
heterogeneity is inherently high, and also in tracked secondary education, a large het-
erogeneity regarding academic achievement still exists (Bohl et al., 2012; Deunk et al.,
2018; Smale-Jacobse et al., 2019).

Method

Study Search

To find relevant literature, we conducted a two-step search. First, we searched journal
articles in three educational databases named ERIC, Web of Science Core Collection,
and PsycINFO. ERIC contains topics from the psychological and pedagogical research
field, focusing on education topics, whereas Web of Science Core Collection is an
interdisciplinary database. PsycINFO focuses on psychology and pedagogy.

As our scope was to find any DI approach used in mixed-ability classrooms to
promote high-achieving students, we used broad search terms describing the popula-
tion (e.g., gifted), the intervention (e.g., differentiat*), and student outcomes (e.g.,
achievement; cf. Petticrew & Roberts, 2006). The full search syntax can be found in
Supplement 1.

Besides the first database search, we conducted a so-called snowball search and
screened the included journal articles’ lists of references from the first database
search for more relevant studies. Additionally, a hand search was conducted in three
established journals: Gifted Child Quarterly, Journal for the Education of the
Gifted, and Journal of Advanced Academics. We limited the hand search for pragmatic
reasons to journal articles published between January 2013 and September 2019
(cf. Singer & Alexander, 2017).
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In a second step, we expanded our first search and conducted a second database
search with three different database-specific search-word combinations acquired
from each database’s thesaurus. As Web of Science does not employ a thesaurus,
we chose, for the second search, the databases ERIC, PsycINFO, and Education
Source. The first part of the syntax described the population (e.g., gifted children),
and the second part the intervention (e.g., individualized instruction; cf. Supplement
1 for details). We intentionally did not define any outcomes in this search, as we
aimed to include academic achievement and motivational-affective outcomes as both
may play an important role in the education of high-achieving students. These searched
databases included, next to journal articles, research reports, conference contributions,
and theses, which were all screened and coded.

Inclusion and Exclusion Criteria

All studies included in the present systematic review had to meet the following criteria:

1. Studies were related to DI for high-achieving students inside mixed-ability
classrooms. Studies only related to structural differentiation (e.g., tracking),
out-of-school programs (e.g., summer programs), or other special settings
only used for high-achieving students (e.g., high-achieving classes) were
excluded.

2. Studies provided qualitative and/or quantitative primary data to at least one of
the four investigated RQs. Research syntheses and nonempirical work were
excluded.

3. The studies’ samples were school staff (i.e., teachers, principals, and school
coordinators responsible for implementing intervention programs) and/or high-
achieving students without further special educational needs, so-called
twice-exceptionals. The study’s focus was not only on underachieving students.

4. Studies were related to primary education (grades 1–4) or secondary education
(grades 5–13) and not to higher education or preschool education only.

5. We included studies taking place in all major academic subjects of schooling
(e.g., mathematics, science, reading) and excluded studies focusing merely on
religious, physical, art, or another sort of artistic instruction.

6. Studies were published between 2000 and September 2019. In order to summa-
rize the most current research regarding this topic that is not outdated for the
current mixed-ability classroom situation, we decided to include studies from
2000 onward (see also Barbier et al., 2022; Neuendorf et al., 2022).

7. Studies’ full texts were available in English.

Study Screening and Coding

We conducted two stages of screening. In the first stage, all references were screened
by title and abstract according to the above-mentioned inclusion and exclusion criteria.
The remaining references were included in the second stage of screening, in which the
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full texts were searched and afterward screened for eligibility. Further, a detailed
coding form (Excel spreadsheet) was developed for the coding step and piloted
with studies excluded from the final dataset. The coding form included the following
major characteristics of all eligible studies: country, RQs, research approach (i.e.,
qualitative, quantitative, or mixed-methods), and methods (e.g., interview, achieve-
ment test), sample characteristics (e.g., size, grade level, identification method),
level of the education system (i.e., primary or secondary), DI type (i.e., grouping,
tiered activities, part of a broader program, other, DI in general), and school
subject. Studies investigating DI’s impact on high-achieving students’ outcomes
were coded with DI type others when their investigated DI type did not fit into
one of the three categories, namely tiered activities, grouping, or DI as part of a
broader program. Studies that investigated DI independent of a certain instructional
approach but focused on DI, in general, were coded with the DI type DI in general.
For studies investigating the impact of DI on students’ outcomes, we additionally
coded outcome measures, control group intervention, study duration, and occurrence
of teacher training. Missing information needed for effect size calculation was
requested via email from the studies’ corresponding authors. Missing information
regarding all other variables was coded as missing (m).

We further conducted a study quality assessment for all studies contributing to RQ 1
to rate the quality of evidence investigating DI’s impact on high-achieving student out-
comes. As a first step, we included all studies independent of their study quality and
design in the review, as an exclusion based only on these criteria can cause bias in a
systematic review (Petticrew & Roberts, 2006). Based on this study quality assess-
ment, we aimed to describe the quality of the evidence base to assess how trustworthy
the results are. We further reported only studies in the results section that met more than
half of the applicable study quality criteria. The study quality assessment also helped to
suggest which further research in this field is needed (Booth et al., 2016; Tod et al.,
2022). The code partially was assigned when some information regarding the criterion
was provided, but the criterion was not fully met. If, for example, the information is
given that high-achieving students are identified through a standardized achievement
test, but the concrete test and the cutoff score is not mentioned, the code partially
was assigned. Otherwise, yes was assigned when the criterion was fully met and no
when the criterion was not met.

Interrater Agreement

The studies were screened (eligibility) and coded (information extraction) by three
research associates and two research assistants. We double-coded approximately
20% of the references in the screening step. In our study, the inclusion versus exclusion
screening was shifted towards exclusion, wherefore Yules Y is a useful statistic to cal-
culate the interrater agreement. Yules Y was Y= 0.83 in our study and can be rated as a
very good interrater agreement (Wirtz & Kutschmann, 2007).

We double-coded approximately 57% of the included studies in the coding step.
Cohen’s Kappa was calculated separately for each of the seven closed-coded variables.
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Cohen’s Kappa ranged between κ= 0.67 (identification method) and κ= 0.91 (research
approach), indicating a substantial to a nearly perfect interrater agreement for this
coding step (Landis & Koch, 1977). During the screening and coding process,
regular meetings were held to avoid coder drift, to discuss open questions, and
resolve all disagreements through discussion.

Study Analysis

In our systematic review, DI’s impact is defined as a positive, neutral, or negative effect
(effectiveness) in quantitative studies. A positive effect can, for example, represent a
larger pretest–posttest gain in student outcomes for students learning with DI compared
to students learning without DI (pretest–posttest-control design) or a positive gain from
pretest to posttest (pretest–posttest design). In qualitative studies, we focused on the
results and interpretations of the primary studies’ authors and defined impact
through a positive reported outcome as, for example, good work or improved achieve-
ment. Overall, the numerical and verbal results provide a comprehensive picture of the
impact of DI on high-achieving students.

Effect sizes have been computed from studies with a pretest–posttest-control design
(RQ 1). Therefore, dppc2 with the difference of mean change for treatment and control
group, the pooled pretest standard deviation, and a correction for small sample sizes
was calculated (Morris, 2008). The effect size and sampling variance calculations
were conducted using the software R and the package metafor (Viechtbauer, 2010,
2021). As the number of studies using pretest–posttest-control design was small
(n= 6 with 30 effect sizes) and the investigated DI types, as well as outcome measures,
were quite heterogeneous, we did not conduct a quantitative meta-analysis, as it would
not be appropriate with this heterogeneous set of studies (cf. Deeks et al., 2019; Noetel
et al., 2019; Siddaway et al., 2019).

From studies investigating the impact of DI on student outcomes (RQ 1) with no
pretest–posttest-control group design, we extracted the main findings through a qual-
itative synthesis approach. The first step included “intensive, repetitive, and above
all highly active reading” to familiarize with the studies and extract relevant quotes
(Lee et al., 2015, p. 341). Subsequently, these quotes were sorted and narratively
summarized.

For RQs 2–4, a thematic synthesis was conducted. This approach can investigate
individuals’ perspectives and experiences, for example, regarding barriers and facilita-
tors. The approach aims to identify different influencing factors of a certain topic and
organize those into common themes (Booth et al., 2016). Therefore, we actively read
all relevant primary studies (quantitative, qualitative, and mixed-methods) and
extracted the main findings through quotes. Afterward, we sorted and summarized
them. Commonalities and contrasts between the primary studies were detected.
Thereof, we created themes through an inductive approach without defining them
beforehand (cf. Lindner & Schwab, 2020). Further, according to Petticrew and
Roberts (2006), an overview with extensive information on the studies was created.
Different quotes from primary studies illustrate and clarify the results and give
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information about the study contexts. For RQ 4, a graphical representation displaying
the barriers and facilitators was created.

Results

Descriptive Overview of the Included Studies

Through both database searches and the hand search, 7,680 references were detected
and screened regarding their title and abstract. From these references, 785 references
were included in the full-text screening. The hand search revealed three studies, and
the two database searches 44 studies that were finally included in our systematic
review. An additional 56 references were detected through the snowball search.
From these 56 references included in the full-text screening, two studies were finally
included in our systematic review. Overall, 49 references were included and analyzed
in the current systematic review (cf. Figure 1). Detailed information about the study
characteristics (e.g., publication year, DI type, identification method) can be found
in Table 1 and Tables S1–S5.

Figure 1. Flow diagram describing the study search and selection process.
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Impact of DI on High-Achieving Student Outcomes (RQ1)

Overall, 15 studies (Table S1) investigated the impact of DI on students’ academic
achievement and/or motivational-affective characteristics. First, the study quality
assessment results (Table S2) are reported to get an overview of the quality of the evi-
dence. Second, studies investigating the impact of DI on high-achieving students’ aca-
demic achievement and motivational-affective characteristics are summarized
(Table S1). Only studies that met more than half of the applicable study quality criteria
were included in the second section.

Quality of evidence for the impact of DI on high-achieving students’ outcomes

The quality assessment of the primary studies included for RQ 1 is displayed in Table S2.
Overall, no study met all investigated study quality criteria. However, one study came very
close (Shaunessy-Dedrick et al., 2015). Three studies (Kim et al., 2014; Nomi, 2010;
Ysseldyke & Tardrew, 2007) were not considered for further presentation of results
because they did not meet more than half of the applicable study quality criteria.
Overall, out of the remaining 12 studies, all studies, except one, reported a clear operation-
alization of DI. Further, except one, all studies reported the exact sample size of the high-
achieving students. Four studies did not report a high-achieving student comparison group
without DI. From eight studies with high-achieving student comparison groups, six studies
did not investigate the comparability between the two groups before DI was used. Further,
a randomized allocation to the experimental and comparison group at the student level was
not conducted in six out of eight studies with comparison groups.

Evidence regarding the impact of DI on high-achieving students’ outcomes

As shown in Table 2, six pretest–posttest-control design studies (Delcourt et al., 2007;
Meyer et al., 2011; Robinson et al., 2014; Saleh et al., 2005; Shaunessy-Dedrick et al.,
2015; Ysseldyke et al., 2004) investigated the impact of DI on high-achieving student
outcomes compared with high-achieving students without DI. Overall, those studies
included 30 effect sizes, from which 20 effect sizes represented academic achievement
differences. A positive effect size represents an advantage of the pretest–posttest gain
for the experimental group with DI compared to the control group without DI. In con-
trast, a negative effect size represents an advantage for the control group. The effect
sizes ranged for academic achievement from dppc2=−0.692 to dppc2= 3.155
(without one outlier: dppc2= 7.179). Although a mixed picture of academic achieve-
ment outcomes appeared, more positive (n= 13) than negative effects (n= 7) were
found. Ten effect sizes represented motivational-affective differences. These ranged
from dppc2=−0.562 to dppc2= 0.736. Positive effects (n= 6) outweighed negative
effects (n= 4).

Further, three posttest only with control design studies
1

(McCoach et al., 2014;
Meyer et al., 2011; Tieso, 2005), two qualitative or mixed-methods studies
(Bellamy, 2005; Dreeszen, 2009), and two studies with other research designs
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Table 1. Descriptive Statistics of the Included Primary Studies (n= 49).

Number of studies

Publication year
2000–2009 18
2010–2019 31

Country
USA or Canada 30
Great Britain & Ireland 4
Netherlands 3
Australia 2
Germany 2
Turkey 2
Other 6

Type of DI
DI in general 27
DI as part of a broader program 9
Grouping 5
Tiered activities 4
Other 4

Level of the education system
Primary education (grades 1–4) 14
Secondary education (grades 5–13) 10
Primary and secondary education 24
Information missing 1

Identification method for high-achieving students (only studies including a student sample,
n= 25)

Multiple methods (e.g., standardized
tests, creativity measures, teacher
recommendations)

10

Standardized tests 11
Teacher recommendations 2
Information missing 2

Student outcomes (only studies investigating DI’s impact, n= 15a)
Mathematics

Science
Reading
Motivational-affective outcomes

6
4
4
6

Other 3
Teacher training regarding DI (only studies investigating DI’s impact, n= 15)

Yes 10
No 5

a

As most studies investigated various outcomes, the sum does not add up to 15.
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(Faber et al., 2018; Kondor, 2007) investigated the impact of DI on high-achieving
student outcomes (Table S1). As pretest differences respectively, control group out-
comes cannot be taken into account with all of these designs, the impact should be
interpreted with some caution. Altogether, these studies reinforced the positive impact
of DI on high-achieving students’ academic achievement and motivational-affective char-
acteristics in mixed-ability classrooms. In an exemplary mixed-methods study investigat-
ing the impact of DI on high-achieving students, it was summarized that “differentiation by
task seemed to provide an effective learning opportunity, which in turn produced good
work and had apparently stretched the abilities of the students” (Bellamy, 2005, p. 79).
Further, high-achieving students taught with DI also “expressed a desire to continue
with the differentiated reading program” (Dreeszen, 2009, p. 312).

The Extent of DI Use (RQ 2)

Overall, 12 studies (Table S3) provided information concerning the extent of DI. When
teachers were asked how frequently they explicitly consider high-achieving students in
their mixed-ability classrooms, many teachers stated that they do not actively consider
these students and make no or only minor changes in their regular curriculum to meet
high-achieving students’ needs (Abu et al., 2017; Al-Lawati & Hunsaker, 2007;
Brighton et al., 2007; Endepohls-Ulpe & Thömmes, 2014; Laine & Tirri, 2016;
Prast & de van Weijer-Bergsma, 2015).

Classroom observations and audio recordings from classroom conversations in
mixed-ability classrooms complemented these self-reported teachers’ views. Findings
showed that most high-achieving students did not get DI regularly (Gilson et al.,
2014; Reis et al., 2004). Reis et al. (2004, p. 325) summarized the key finding of their
study as follows: “The major finding and core category in this study was the absence
of differentiated instruction for talented readers; talented readers received some challenge
in three of the participating classrooms, but limited opportunities in the other nine.”

One study asked school representatives (e.g., gifted education coordinators, admin-
istrators for curriculum and teaching) about DI frequency. Here, a somewhat different
picture was painted. 86% responded that DI for high-achieving students in the regular
classroom exists but also mentioned that the actual use varies between teachers (Jarvis
& Henderson, 2015).

Three other studies asked high-achieving students about the frequency of DI in their
mixed-ability classroom. In two studies from the United States, more than two-thirds of
the students said that their instruction is not differentiated and that they learn the same
content, at the same level, and the same pace as the other students (Assouline et al.,
2013; Swiatek & Lupkowski-Shoplik, 2003). In the third study, from Turkey, the
picture was somewhat reversed when students were asked if they can work with
their intellectual peers and if the lessons are according to their needs, interests, and
knowledge. Here, approximately 60%–80% of the asked students said they received
DI in five different subjects (Kahveci & Akgül, 2014).

To summarize, teachers and high-achieving students mainly reported that DI is not
used for high-achieving students in mixed-ability classrooms proactively and on a

556 Journal of Advanced Academics 33(4)

https://journals.sagepub.com/doi/suppl/10.1177/1932202X221112931
https://journals.sagepub.com/doi/suppl/10.1177/1932202X221112931


regular basis. Nevertheless, in some classes, teachers differentiated instruction accord-
ing to the high-achieving students’ needs. From these findings, the question arises if
teachers make these limited modifications because they see low utility in DI or if
other barriers hinder the implementation.

Utility of DI (RQ 3)

Overall, 13 studies (Table S4) investigated how useful teachers and high-achieving stu-
dents rated DI. Thereof, 10 studies (Apps, 2011; Brevik et al., 2018; Dreeszen, 2009;
Endepohls-Ulpe, 2017; Endepohls-Ulpe & Thömmes, 2014; Oswald & Villiers, 2013;
Parish, 2016; Reis et al., 2010; Simmons, 2018; Vreys et al., 2018) provided informa-
tion on teachers’ perspectives, and three studies (Adams-Byers et al., 2004; Dobron,
2011; Kanevsky, 2011) provided information on students’ perspectives.

Teacher Perspective

When teachers were asked if DI is a useful approach for high-achieving students’ pro-
motion, they mainly agreed and acknowledged the value and need of DI for providing a
high-quality curriculum (Apps, 2011; Brevik et al., 2018; Endepohls-Ulpe, 2017;
Endepohls-Ulpe & Thömmes, 2014; Oswald & Villiers, 2013; Simmons, 2018).
One study summarizes this result by stating that “internal differentiation was clearly
rated to be not only the most effective one but also to be the one with hardly any neg-
ative consequences” for students (Endepohls-Ulpe, 2017, p. 159). Further, a positive
relationship between the frequency of use and the rated eligibility of DI was found.
In contrast, a negative relationship was found between frequency of use and estimated
workload (Endepohls-Ulpe & Thömmes, 2014). Further, teachers stated that two-thirds
preferred homogeneous grouping over heterogeneous grouping for teaching if they had
to prioritize between homogeneous and heterogeneous grouping. Teachers’ main
reason was that homogeneous grouping could promote a more thorough academic
development for their high-achieving students (Apps, 2011).

In four other studies, teachers implemented specific DI types and reported how they
perceived their utility. In general, teachers stated positive outcomes of DI and were
impressed by the positive outcomes (e.g., higher motivation and involvement) they per-
ceived for high-achieving students (Dreeszen, 2009; Parish, 2016; Reis et al., 2010;
Vreys et al., 2018). The following quote illustrates which positive outcomes teachers
stated: “Children […] were eager to work on the enrichment activities and were notably
less bored. […] The children showed increased self-confidence, better working attitude,
and improved behavior and well-being” (Vreys et al., 2018, pp. 12–13).

Student Perspective

Regarding the high-achieving students’ perspective toward DI, it could be summarized
that their attitude was positive in general and that they supported its use (Dobron, 2011;
Kanevsky, 2011). High-achieving students “perceived the differentiated curriculum as
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appropriately challenging, worthy of selection, appealing to interests, satisfying as a
learning experience, useful in study, and applicable to the real world.” (Dobron,
2011, p. 248). In one study, students were asked about the advantages of homogeneous
vs. heterogeneous grouping. They saw advantages of mixed-ability grouping regarding
social and emotional aspects and advantages of high-ability grouping regarding aca-
demic aspects (Adams-Byers et al., 2004). This perspective regarding grouping is in
accordance with the teachers’ perspective reported above.

Barriers and Facilitators for Implementing DI (RQ 4)

Overall, 22 studies (Table S5) contributed to answering the question of barriers and
facilitators for implementing DI for high-achieving students in mixed-ability class-
rooms. Figure 2 gives an overview of the detected barriers (left) and facilitators (right).

Barriers

Seven categories of barriers repeatedly occurred in the investigated studies. First, a
lack of time for preparing and implementing DI was reported by the school staff
(e.g., Abu et al., 2017; Brighton et al., 2007; Coates, 2009; Cross et al., 2018;
Endepohls-Ulpe, 2017; Johnsen et al., 2002; Reis et al., 2004; Rubenstein et al.,
2015; Russell, 2018; Seedorf, 2014; Vreys et al., 2018). Second, a lack of resources,
including, among others, material and financial resources, was reported (e.g., Abu
et al., 2017; Apps, 2011; Cross et al., 2018; Johnsen et al., 2002; Oswald &
Villiers, 2013; Reis et al., 2004). Third, a lack of knowledge and training was repeat-
edly mentioned, as teachers did not feel sufficiently informed (e.g., Brevik et al.,
2018; Brighton et al., 2007; Cross et al., 2018; Jarvis & Henderson, 2015; Oswald
& Villiers, 2013; Reis et al., 2004; Rubenstein et al., 2015; Seedorf, 2014).
Fourth, teachers reported misconceptions regarding high-achieving students and DI

Figure 2. Barriers and facilitators for implementing differentiated instruction for high-
achieving students in mixed-ability classrooms. Note. The hexagons on the left side represent
barriers, and the ovals on the right side represent facilitators for implementing differentiated
instruction.
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(e.g., Abu et al., 2017; Brighton, 2003). Abu et al. (2017, p. 101), for example, sum-
marized that “A great majority of the teachers in study group think that changes are
not made during the teaching program because […] gifted children are already good,
small in number and do not need a different education.”

Fifth, school staff reported administrative difficulties, including organizational
aspects of schools and the classroom, such as overcrowded classrooms and manage-
ment issues, as well as challenges in reliably identifying high-achieving students
and assigning them to adequate DI without misplacement (e.g., Brighton et al.,
2007; Dreeszen, 2009; Endepohls-Ulpe, 2017; Johnsen et al., 2002; MacIntyre &
Ireson, 2002; Oswald & Villiers, 2013; Rubenstein et al., 2015). The sixth category
includes barriers through prescribed (state) standards. Some school staff reported
less flexibility in differentiating instruction (e.g., Abu et al., 2017; Reis et al., 2004;
Rubenstein et al., 2015). The following quote, from a study that investigated how
teachers react to DI, emphasizes this barrier: “Almost every teacher […] expressed
either frustration with the overemphasis of standards or the lack of a connection
between state and study expectations” (Rubenstein et al., 2015, p. 157). The last cat-
egory contains the barrier that the focus for support measures, including DI, is on strug-
gling students instead of high-achieving students (e.g., Apps, 2011; Brighton et al.,
2007; Cross et al., 2018; Reis et al., 2004). The last two categories partly showed
overlap insofar that some (state) standards suggested focusing on struggling students
instead of focusing on high-achieving students (e.g., Reis et al., 2004).

Facilitators

The most frequently stated facilitator was professional staff development, which
included, among others, training (e.g., lectures and workshops), mentoring or peer
coaching, and provision of material. Further, these professional staff development
activities were partly accompanied by leadership support and the provision of
resources. Through these facilitators, teachers were able to gain knowledge, were
higher motivated, and felt more confident. In general, these support measures were
rated as useful for and facilitated the implementation of DI (e.g., Brighton et al.,
2007; Coates, 2009; Johnsen et al., 2002; Latz et al., 2008; Oswald & Villiers,
2013; Prast et al., 2018; Reis et al., 2010; Rubenstein et al., 2015; Seedorf, 2014;
Vreys et al., 2018; Yuen et al., 2018). The usefulness of the facilitators mentioned
above is illustrated by the following statement, which resulted from a staff develop-
ment project: “The vast majority of participants viewed staff-development activities,
leadership, the mentor teachers, and project support as being beneficial to extremely
beneficial” (Johnsen et al., 2002, p. 61). Another study concluded that “many teachers
are able to differentiate if provided appropriate support and materials (e.g., preassess-
ments and tiered activities”; Rubenstein et al., 2015, p. 159).

To summarize, various barriers (i.e., lack of time, resources, and knowledge; mis-
conceptions; administrative difficulties; prescribed (state) standards; and the focus
on struggling students), making the implementation of DI difficult, were found.
Nonetheless, different factors, especially from the area of professional staff

Ziernwald et al. 559



development, were mentioned that supported DI’s implementation for high-achieving
students in mixed-ability classrooms.

Discussion

The findings of the systematic mixed-methods review are evaluated in the context of other
research, and it is discussed how the results relate to each other. Further, limitations, direc-
tions for future research, and implications for practice and policy are considered.

Impact of DI on High-Achieving and Not-as-High-Achieving Identified
Students

One main finding of the systematic mixed-methods review is the mainly positive
impact of DI on high-achieving students in mixed-ability classrooms. These findings
are supported through studies using different quantitative designs as well as through
studies using qualitative study designs with classroom observations, interviews, and
document reviews. Further, the mainly positive impact is in accordance with previous
research syntheses, which found, for students in general, mainly small to moderate pos-
itive outcomes of DI, including different grouping arrangements, on students’ aca-
demic achievement (Deunk et al., 2018; Lou et al., 1996; Puzio et al., 2020;
Smale-Jacobse et al., 2019). However, the current review found large heterogeneity
between studies for comparable outcomes and within studies for different outcomes.
This heterogeneity might be, to some part, explainable through the different study
designs used and the different study quality criteria met. Delcourt et al. (2007), for
example, found negative effects for high-achieving students’ achievement outcomes
but mainly positive effects for motivational-affective characteristics. As the compara-
bility of the experimental and comparison group was not investigated at the beginning
and no randomized allocation to the two groups took place, the baseline level of the
two groups at the beginning might differ. Interestingly, no baseline equivalence
could be found for the achievement outcomes, in contrast to the motivational-affective
characteristics. In cases where baseline equivalence was missing, the experimental
group with DI scored higher at the pretest than the control group without DI. Hence,
some negative effects might be explained through different baseline levels (pretest
scores) in both groups, resulting in ceiling effects of the instruments and/or regression
to the mean. Overall, the evidence regarding the impact of DI on high-achieving stu-
dents in mixed-ability classrooms is sparse and partially of low quality. Therefore, the
need for more empirical research with high-quality standards in this field is still high
(Barbier et al., 2022; Shaunessy-Dedrick et al., 2015; White et al., 2003).

The Extent of DI Use and Its Perceived Utility

The limited extent of DI for high-achieving students in mixed-ability classrooms is in
line with the findings of the Programme for International Student Assessment 2012.
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Students were asked if teachers give different work to struggling or high-achieving
students in their classroom in mathematics. On average, only 30% of students in
the OECD countries declared that it was true in every or most lessons, whereby
the values ranged from 13% in France and Italy to 62% in Sweden. Especially
from high-achieving students, compared to low-achieving students, student-oriented
instruction, including the question mentioned above, was reported less frequently
(Schleicher, 2016). One possible explanation for this lack of DI can be that existing
schoolbooks included few examples of DI (Heinle et al., 2022). However, teachers
reported that they use schoolbooks almost every day (Wenglinsky, 2002), and over
80% reported schoolbooks as the basis for their teaching (Wendt et al., 2017).
Thus, teachers need to actively differentiate and adapt their instruction beyond
using the given tasks from schoolbooks.

The perceived contradiction that teachers, on average, rate DI for high-achieving
students in mixed-ability classrooms as useful but, on average, do not proactively
nor regularly implement DI can be explained, for example, as follows: “Teachers
know that gifted students should be differentiated, but as they do not receive education
and training to address gifted students’ needs, they do not apply the practices known
from the literature” (Laine & Tirri, 2016, p. 158). This contradiction is also acknowl-
edged in studies outside of DI. Philippe (2017) investigated the implementation of
social and emotional learning and concluded that the knowledge about its utility and
importance does not necessarily come along with the confidence to implement it effec-
tively. Moreover, the studies in the current review did not use the same sample to inves-
tigate the extent of usage and the perceived utility of DI. One exception is the study by
Endepohls-Ulpe and Thömmes (2014), who found a positive correlation between self-
reported frequency of use and the perceived utility of DI.

Barriers and Facilitators for Implementing DI

One factor that might influence the perceived utility of DI and its extent of usage is
professional development for teachers. Brevik et al. (2018, p. 36) stated that “the liter-
ature reviewed on teacher education and classroom practices around the world suggests
that developing teachers’ differentiation practice and experience is crucial”. Further,
professional development regarding DI was positively associated with higher teacher
self-efficacy and efficacy beliefs, and the teacher self-efficacy and efficacy beliefs
were positively associated with the implementation of DI (Dixon et al., 2014). On
the other hand, a survey conducted by the National Association for Gifted Children
and the Council of State Directors of Programs for the Gifted asked if university cour-
sework in gifted education is mandatory for all preservice teachers in the United States.
Out of 48 states answering this question, only three states answered yes, whereas 45
answered no (Rinn et al., 2020). This finding is in accordance with our review that
found a perceived lack of training and knowledge regarding DI for teachers.

Overall, the barriers and facilitators found in the current review affirm Sisk
(2009), who stated that classroom teachers need support for educating the high-
achieving students in mixed-ability classrooms. The regular classroom teachers
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can hardly do it on their own without professional development, willingness, a sup-
portive belief system, and school culture (Sisk, 2009). Furthermore, the detected
barriers and facilitators are similar to the barriers and facilitators mentioned in
the context of DI and students in general, as well as in inclusive settings
(Bondie et al., 2019; Lindner & Schwab, 2020; Puzio et al., 2015). Therefore,
the barriers and facilitators might be mainly generalizable for implementing DI,
independent of the underlying student population. Teachers should be trained to
know the individual needs of all students and be supported accordingly with, for
example, appropriate supplemental resources.

Limitations and Directions for Future Research

Overall, only a few empirical studies with a suitable research design evaluated the
impact of DI on high-achieving student outcomes. This follows the results of a sys-
tematic review, which aimed to give an overview of empirical implications for the
education of high-achieving students and concluded that there are relatively few
studies. Thus, “evidence-based policy and practice are scarce” (White et al., 2003:
vii). Another difficulty we encountered is that the included studies differed greatly
in study design, operationalization of DI, identification of high-achieving students,
and partially included very small samples (Bellamy, 2005; Kondor, 2007). The
fact that many studies did not provide detailed information regarding the definition
and operationalized features of DI was already stated by a previous synthesis
(Deunk et al., 2018). Although we tried to code specific DI features, it was impos-
sible to figure them out due to a lack of studies and information. Accordingly, for
future studies, it is very important that primary study authors explicitly state how
they operationalized DI—although DI might be a part of a broader program—in
order to investigate the different forms, features, and quality of DI (cf. Laine &
Tirri, 2016; Smale-Jacobse et al., 2019). In addition, the student outcomes investi-
gated also differed remarkably between studies. This, among other reasons, pre-
vented us from conducting a quantitative meta-analysis. However, we gained hints
that DI might be useful for high-achieving students regarding a broad range of out-
comes, including academic achievement and motivational-affective outcomes. So far,
the consideration of motivational-affective outcomes regarding the impact of DI was
mentioned as a research gap (Smale-Jacobse et al., 2019). In future research synthe-
ses with more primary studies, quantitative syntheses for each student outcome sep-
arately might be of interest.

In addition, some primary studies did not report how high-achieving students were
exactly identified. Accordingly, in future studies, the authors should report in detail
how high-achieving students are exactly identified and their respective sample sizes.
As in the educational context, randomization at the student level is often not possible,
it is even more important that pretest data for all investigated student subgroups is
described and the comparability between the experimental and comparison group is
tested beforehand to ensure baseline equivalence. Further, when students are nested
into classes, the dependency of their data should be taken into account for statistical
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analyses (Hedges, 2007; Hedges et al., 2010). In future research syntheses, with more
(comparable) studies investigating DI’s impact on high-achieving students’ outcomes,
the statistical investigation of the effects of various DI implementation conditions, dif-
ferences in the operationalization of high-achieving students, and the primary studies’
quality on DI’s impact on high-achieving students outcomes might be informative. A
detailed investigation of contextual factors (e.g., socioeconomic status and achieve-
ment at the school level) should also be of interest for future research, as existing
research provided evidence that contextual factors can influence the effects of DI on
student outcomes (McCoach et al., 2014).

Conclusion and Implications for Practice and Policy

The findings of this review are important for researchers, teachers, and policymakers,
in influencing their decisions regarding the promotion of high-achieving students.
Based on theoretical concepts (Kaplan, 1986; Vygotsky, 1978), previous research
(Barbier et al., 2022; Bondie et al., 2019; Deunk et al., 2018; Puzio et al., 2020;
Smale-Jacobse et al., 2019), and the current systematic mixed-methods review, it
can be summarized that matching learning with students’ ability levels through DI
is a promising approach for the promotion of high-achieving students in mixed-
ability classrooms. The criticism that special education for high-achieving students
is elitist and unfair does not hold for DI, as DI also positively impacted
not-as-high-achieving identified students (Deunk et al., 2018; Puzio et al., 2020;
Smale-Jacobse et al., 2019). Nonetheless, the implementation of DI alone is not a
sure-fire success. This is also in accordance with the claims of Dumont (2018),
who stated that lasting changes at all levels of education systems are needed for
the implementation of individualized promotion, and with the results of Deunk
et al. (2018), who found that DI in the context of a broader educational program is
more effective than homogeneous ability grouping alone. We showed that facilita-
tors, such as leadership support, professional staff development, and resource provi-
sion (e.g., time, materials), are important for a successful implementation. To achieve
this, embedding DI into a broader educational program can be helpful so that changes
in different areas, such as staff development, provision of resources, and adaptation
of the school mission statement, are made possible and therefore facilitate the imple-
mentation of DI.
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Notes

1 Meyer et al. (2011) is also included in the section pretest–posttest-control group design, as
different designs for the outcomes were used.
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