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Abstract
Acquiring mathematical literacy requires students to apply mathematics in various 
real-world contexts. However, mathematics classes often provide brief, content-
focused descriptions of reality-based tasks and tasks that describe the situation as 
more complex, closer to reality, are still lacking. Students with different sociode-
mographic characteristics and cognitive factors have difficulties in solving reality-
based tasks in mathematics lessons. The relationship between sociodemographic 
characteristics and cognitive factors (language and mathematical competence) con-
cerning complex situation descriptions has not yet been investigated. To identify 
disadvantaged students in integrating such complex-situation tasks in mathematics 
lessons, this study aims to investigate which sociodemographic characteristics pre-
dict the solving of complex-situation tasks and whether cognitive factors mediate 
the relationship. Experts created 30 complex situations with different mathematical 
questions. A total of 519 9th- and 10th-grade students participated in a paper–pencil 
test. Path analysis revealed that the competence to solve complex-situation tasks is 
directly linked to gender and social background, with mathematical content-related 
skills and language competence mediating this relationship.

Keywords  Complex-situation tasks · Mathematical content-related skills · Language 
competence · Students’ characteristics

In everyday life, individuals encounter a wide spectrum of questions in various con-
texts. Mathematics is a valuable tool for finding answers, making informed deci-
sions, and solving problems. The goal of mathematics education is to enhance math-
ematical literacy, enabling students to become responsible citizens who utilize their 
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mathematical knowledge to make informed decisions and take independent actions 
(Organization for Economic Co-operation and Development [OECD], 1999, 2023a).

In math lessons, solving problems in a variety of contexts is enabled by working 
on reality-based tasks. Reality-based tasks represent a real-world situation and require 
a translation process from the real-world situation into math to solve the task (Blum 
& Leiss, 2007; Niss et al., 2007; Verschaffel et al., 2000). Various cognitive factors, 
such as linguistic and mathematical skills, are required to solve such tasks. Reality-
based tasks can incorporate different aspects of reality (e.g. lack of information, mul-
tiple solutions) and enable different degrees of reality references that students may 
potentially encounter in their present and future (e.g. Greefrath & Vorhölter, 2016; 
Verschaffel et al., 2020). In math lessons, however, tasks without any real-world refer-
ence are often worked on (Heinle et al., 2022; Wijaya et al., 2015). Most reality-based 
tasks in large-scale assessments describe real-world situations in less than five lines 
(e.g. OECD, 2023a). To develop mathematical literacy and take real-world situations 
seriously, reality-based tasks that describe the real-world situation in its complexity 
(complex-situation tasks) must be worked on in math lessons, so that students under-
stand and cope with written challenge situations in everyday life.

However, such reality-based tasks with complex situation descriptions would 
probably reinforce the existing educational inequality regarding reality-based 
tasks, as students have more difficulties with complex-situation reality-based tasks 
(Plath, 2020). Girls and socially disadvantaged students perform worse in solving 
(shorter) reality-based tasks (e.g. OECD, 2023b). So far, it is unknown how soci-
odemographic characteristics influence the solving of complex-situation tasks. How-
ever, this is important because mathematics education aims to train all students for 
potentially relevant situations, regardless of their sociodemographic characteristics. 
To prevent unconsciously reinforcing educational inequity by integrating such situ-
ation-complex reality-based tasks in mathematics lessons, this study aimed to inves-
tigate which students had difficulties in solving reality-based tasks with complex 
situation descriptions. Furthermore, we explored whether language competence and 
mathematical content-related skills mediated the relationship to formulate possible 
support options.

Theoretical Background

Mathematical Literacy as an Educational Goal

For over twenty years, mathematical literacy has been demanded internationally 
so that students learn to recognise mathematics in the world and make reasoned 
mathematical judgements by applying mathematics meaningfully (OECD, 1999, 
2023a). The aim is to train students to become active and responsible citizens who 
use math to solve real-world problems in a self-determined way and make informed 
decisions. To ensure this, mathematical action in different situations and contexts is 
emphasised.

In math lessons, flexible mathematical behaviour is developed by solving reality-
based tasks in a wide range of situations. To solve such tasks, students understand 
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the real-world situation presented and translate it into a mathematical model, solve 
it using mathematics, and then check the mathematical result against the real-
world situation and interpret it (OECD, 2014a). A translation occurs between the 
real-world situation and mathematics. The solution steps described here are sub-
processes of modelling competence (Niss et al., 2007). According to Blomhøj and 
Højgaard (2007), mathematical modelling competence can be divided into three 
dimensions: the degree of coverage, the technical level, and the radius of action. 
The degree of coverage measures how many different sub-processes are run through 
when solving and at what level the students can reflect on these. The technical level 
dimension describes which math the students use and how flexibly they can apply it. 
The radius of action indicates whether and in how many different situations and con-
texts students can activate their modelling skills.

Continuum of Reality‑Based Tasks

In the scientific community, different terms and definitions are used to describe 
types of reality-based tasks. Verschaffel et al. (2020) argue that these tasks can be 
placed along a continuum of world problems and modelling tasks. The continuum 
describes the degree of reality or authenticity to categorised tasks according to their 
reality-based characteristics.

World problems focus on practising mathematical content-related skills within 
a linguistically represented (real) problem situation (Niss et  al., 2007; Verschaffel 
et al., 2000). The real-world situations play a lesser role. Word problem questions 
are usually closed, contain all relevant information for solving the task, and com-
monly have one correct solution to the mathematical question (Verschaffel et  al., 
2020). The degree of reality-based characteristics is, therefore, low.

Modelling tasks focus on understanding and assessing the real-world situation 
using mathematics. Mathematics is a tool used to solve a real-world situation. Mod-
elling tasks are classified according to different characteristics (see for an overview 
Greefrath & Vorhölter, 2016). Modelling tasks have (open) questions about authen-
tic contexts potentially relevant to the students’ reality. They can differ in terms of 
the information given in the task (Maaß, 2010). Some modelling tasks contain dif-
ferent data, asking students themselves to decide which are relevant. Furthermore, 
in some modelling tasks, students have to make assumptions and find the neces-
sary data (Kaiser, 2017). Another characteristic is the level of modelling activity, i.e. 
which processes are run through when modelling the task (Maaß, 2010).

In this study, reality-based tasks are understood as tasks on the continuum of 
word problems and modelling tasks that involve various aspects of solving real-
world problems in reality and whose solution (to varying degrees) requires a transla-
tion from real-world situations into mathematics.

Reality-based tasks that contain descriptions of complex real-world situations are 
called complex-situation tasks. Complex-situation tasks contain features of word 
problems and modelling tasks and can be classified on the continuum. Like word 
problems, the tasks have a closed question for which no assumptions need to be 
made to answer with one correct answer. To solve complex-situation tasks, students 
must be able to recognise irrelevant and relevant information, as in modelling tasks, 
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and go through different sub-processes of modelling competence (depending on the 
difficulty level of the mathematical question). Figure 1 shows a complex-situation 
task from this study, which is about Varroa mites threatening a beehive.

In the following, study results from modelling tasks and word problems are sum-
marised under the term reality-based tasks, even though working on word problems 
is easier than mathematical modelling (Pongsakdi et  al., 2020). The derivation of 
the results of word problems and modelling tasks as reality-based tasks is possible 
because complex-situation tasks, investigated in this study have task features that 
characterise both word problems and modelling tasks.

Solving Reality‑Based Tasks

The solution process of reality-based tasks is described by various ideal–typical 
modelling cycles, which divide the individual steps into sub-processes (see for an 
overview Borromeo Ferri, 2006). The modelling cycle is suitable as a theoretical 
model for solving reality-based tasks in a variety of situations as a translation pro-
cess occurs between the real-world situation and mathematics. According to Blum 
and  Leiss  (2007), we used the modelling cycle, shown in Fig.  2, as it represents 
the situation model’s formation and the solution’s verification embedded in the real-
world situation.

In the beginning, students engage in reading and (1) understanding the written task 
(Blum & Leiss, 2007), which necessitates language competence, such as skills in reading 

Fig. 1   Complex-Situation Task: Varroa Mites
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and text comprehension. During this process, students (1) construct a situation model 
by comprehending and interpreting the task (Kintsch & Greeno, 1985; Leiss et  al., 
2010;  Niss et  al., 2007). The situation model is then transferred into a mathematical 
model through (2) structuring and (3) mathematizing (Blum & Leiss, 2007). These steps 
rely on the students’ mathematical skills and language skills for cognitive processes. The 
result is (5) interpreted, (6) checked, and (7) written down or communicated to the real-
world situation. Here, language competence is critical for effectively communicating or 
writing down the results.

The theory-driven modelling cycle is supported by empirical results, which show 
various cognitive factors necessary for solving reality-based tasks.

Necessary Cognitive Skills  Various cognitive factors play a role in working on 
reality-based tasks. Cognitive skills such as spatial skills and verbal, numerical, 
and general reasoning are critical for solving reality-based tasks (e.g. Reinhold 
et  al., 2020a, 2020b). Metacognitive knowledge, i.e. the knowledge of how to 
apply strategies, is also crucial (e.g. Vorhölter, 2023).

To “work mathematically”, students need mathematical content-related 
skills appropriate to the mathematical content of the task (Blum & Leiss, 
2007). These skills are summarised under mathematical content-related skills. 
The content-related skills refer to the competence of “Working with math-
ematical objects” in the German educational standards (Kultusministerkon-
ferenz, 2022), including the factual knowledge of using mathematical pro-
cedures to process mathematical tasks efficiently. The connection between 
mathematical content-related skills and solving reality-based tasks has been 
demonstrated in many studies (Fuchs et al., 2006; Leiss et al., 2010; Reinhold 
et al., 2020a, 2020b; Strohmaier et al., 2021). Pongsakdi et al. (2020) exam-
ined the linguistic and numerical characteristics of arithmetical reality-based 
tasks and differences in text comprehension and arithmetic skills in relation 

Fig. 2   Modelling Cycle after Blum and Leiss (2007)
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to solving reality-based tasks. The results showed a significant correlation 
between content-related (arithmetical) skills and solving reality-based tasks 
across all difficulty levels r = 0.59, p < 0.01. Leiss et al. (2010) found a posi-
tive correlation of r = 0.302, p < 0.01 between content-related skills and the 
solution rate of reality-based tasks.

Kintsch and Greeno (1985) demonstrated the importance of general language compe-
tence in solving reality-based tasks by integrating the text comprehension model of van 
Dijk and Kintsch (1983) into their own. Numerous studies have highlighted the significance 
of language skills (see for an overview Daroczy et al., 2015), especially language compe-
tence such as text (e.g. Björn et al., 2016; Pongsakdi et al., 2020) and reading comprehen-
sion (e.g. Fitzpatrick et al., 2020; Leiss et al., 2019; Vilenius-Tuohimaa et al., 2008), in 
understanding the real-world situation in reality-based tasks. In a meta-analysis, Peng et al. 
(2020) identified a significant correlation of r = 0.45 between solving reality-based tasks 
and general language competence. In our study, language competence is understood as a 
general measure that combines reading and text comprehension, as students are required to 
read and understand a variety of reality-based tasks in complex situation descriptions.

Although mathematical content-related skills are not the only relevant mathematical 
skills in solving reality-based tasks, this study focused on mathematical content-related 
skills and language competence as cognitive factors because they influence not only the 
overall solution process of reality-based tasks but also the comprehension process of 
the real-world situation (Krawitz et al., 2022; Leiss et al., 2019). The comprehension 
process of the real-world situation (forming the situation model and real model) is an 
essential element in the solution process of reality-based tasks and is positively related 
to the solution rate of the task (Krawitz et al., 2022; Leiss et al., 2019). Especially at the 
beginning of a reality-based task, many students have difficulties in the translation pro-
cess between the real-world situation and mathematics (Alsina & Salgado, 2022; Blum, 
2015; Jankvist & Niss, 2020; Wijaya et al., 2014). Plath (2020) examined how students 
mathematically solved complex descriptions of real-world situations in the form of a 
newspaper article in comparison to short reality-based tasks focusing on mathemati-
cal content. Considering the duration of the comprehension processes, the compre-
hension process for complex situation descriptions (in the form of newspaper articles) 
accounted for 62% (including the first reading) and 48% (after the first reading) (Plath, 
2020). In comparison, students needed 38% of the total processing time for the word 
problem comprehension process and 27% after the first reading.

Plath demonstrated that students solved reality-based tasks with complex descrip-
tions of real-world situations in the form of a newspaper article more poorly than 
short reality-based tasks focused on mathematical content and required more time 
for the comprehension process. The results are not surprising considering the results 
on the use of reality-based tasks in math lessons in general.

Current Status: Use of Reality‑Based Tasks in Math Lessons

In math lessons, students tend to work mainly on tasks not related to real-world 
situations (Heinle et al., 2022; Wijaya et al., 2015). Furthermore, these tasks typi-
cally contain short situation descriptions that focus on the current subject matter in 
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large-scale assessments (OECD, 2023a). Even in a typical modelling task such as 
the "Filling up" task (Blum, 2011), which is used to represent various sub-processes 
of modelling, the real-world situation is described with a strong focus on the math-
ematical model. If we take the training of mathematical literacy seriously and want 
students to be able to apply mathematics in different situations, then in addition to 
the existing reality-based tasks, other types of reality-based tasks, which involve a 
complex description of real-world situations, need to be worked on to get closer to 
solving potentially relevant real-world problems in reality.

When working on complex-situation tasks in mathematics lessons; however, the 
existing educational inequality with regard to mathematical literacy (OECD, 2023b) 
and reality-based tasks is likely to be exacerbated because students have even more 
difficulties with complex-situation tasks than with short reality-based ones (Plath, 
2020). As there has been no research to date on the relationship between sociodemo-
graphic characteristics and complex-situation tasks, the following section presents 
study results investigating the general relationship between sociodemographic char-
acteristics and solving reality-based tasks.

Sociodemographic Characteristics Influencing the Solving of Reality‑Based Tasks

Theoretical models by Eccles and Wigfield (2020) were used to determine how 
sociodemographic characteristics are related to academic and mathematical per-
formance. Empirical results on the direct relationship between sociodemographic 
characteristics and solving reality-based tasks are then reported. Finally, studies are 
presented that not only investigate the direct influence of sociodemographic char-
acteristics and reality-based task solving but also take into account language com-
petence and mathematical content-related skills in connection with solving reality-
based tasks.

Direct Effect: Sociodemographic Characteristics and Solving Reality‑Based Tasks

The PISA results reveal that students’ sociodemographic characteristics, including 
gender, migration background, parental education, and cultural resources (measured 
by books in the home) are related to their solving reality-based tasks (OECD, 2013, 
2014a). This relationship can be explained by the (situated) expectancy-value theory 
and model of parents’ socialisation of motivation according to Eccles and Wigfield 
(2020). Students are raised in a social and cultural environment where they encoun-
ter the beliefs and expectations of those around them. These beliefs and expecta-
tions, especially from their parents, are influenced by their level of education and 
cultural background, such as migration background. Beliefs and expectations of par-
ents and the social environment include, for example, gender-role stereotypes and 
efficacy beliefs. Depending on these expectations and beliefs, parents provide learn-
ing opportunities, such as books in the home as a cultural resource, which can cover 
a wide range of topics. These attitudes, beliefs, and expectations affect the student’s 
(mathematical) performance.
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The achievement differences between boys and girls in mathematics remain con-
troversial (e.g. Lindberg et al., 2010; Reilly et al., 2015). However, in solving reality-
based tasks boys have continually outperformed girls (Lindberg et al., 2010; OECD, 
2019; Plath & Leiss, 2018; Reinhold et al., 2020a, 2020b). Even when considering 
cultural resources (measured by books in the home: β = 0.104, p < 0.01), Plath and 
Leiss’ (2018) study shows that gender, favouring boys, remains a crucial predictor of 
solving reality-based tasks (β = -0.177, p < 0.01). The most pronounced differences 
in the performance of reality-based tasks in large-scale assessments are observed 
between socially advantaged and disadvantaged students (OECD, 2013). Students 
with a migration background tend to fall into the socially disadvantaged category 
(OECD, 2019). Students with a migration background perform worse than students 
without it (OECD, 2013). Although controlling for socioeconomic status reduces 
the performance gap, students with a migration background still perform worse than 
students without it. A significant difference in solving reality-based tasks has also 
been found between students whose parents are highly educated and those with less 
educated parents (OECD, 2013; Piel & Schuchart, 2014; Vilenius-Tuohimaa et al., 
2008). Students with greater cultural resources demonstrate improved solving real-
ity-based tasks (OECD, 2013; Plath & Leiss, 2018).

Interplay of Sociodemographic Characteristics and Cognitive Factors in Solving 
Reality‑Based Tasks

It is assumed that sociodemographic characteristics influence solving reality-based 
tasks as they affect the development of the necessary skills required to solve the 
tasks, such as language competence and content-related skills (Peng et  al., 2020; 
Plath & Leiss, 2018). This aligns with the model of Eccles and Wigfield (2020), as 
the social environment plays a crucial role in overall academic performance. For 
example, girls and socially advantaged students perform better in language skills 
(OECD, 2019; Vilenius-Tuohimaa et  al., 2008), whereas boys and socially advan-
taged students perform better in different mathematical skills (Björn et  al., 2016; 
Piel & Schuchart, 2014; Reinhold et al., 2020a, 2020b).

Vilenius-Tuohimaa et al. (2008) conducted path analysis to investigate the rela-
tionship between mother’s education, gender, language skills, and performance in 
reality-based tasks. Controlling for gender and language competence, the results 
showed that higher parental education level was associated with better performance 
in reality-based tasks (β = 0.30, p < 0.001) and language competence (β = 0.32, 
p < 0.001). Gender exhibited no effect in this model. The overall between solving 
reality-based tasks and language competence was found to be r = 0.38, p < 0.001.

Plath and Leiss (2018) examined the relationship between personal characteristics 
(migration background, gender, and cultural resources) and solving reality-based tasks. 
They identified a correlative relationship of r =—0.130, p < 0.001 between migration 
background and solving reality-based tasks. They also calculated two regression analy-
ses. According to the results of the first regression analysis, after controlling for German 
and math grades, gender and cultural resources exhibited no significant effect between 
migration background and solving reality-based tasks. The results showed that boys 
outperformed girls significantly in solving the reality-based tasks (β = -0.177, p < 0.01). 
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Similarly, greater cultural resources had a significant positive effect on solving reality-
based tasks (β = 0.104, p < 0.01). The first model accounted for 8% of the variance in 
the solution rate. In the second model, when language competence was considered, gen-
der influenced solving reality-based tasks favouring boys (β = -0.209, p < 0.001). Lan-
guage competence had a significant influence on solving reality-based tasks (β = 0.282, 
p < 0.001). The effect between cultural resources and solving reality-based tasks was 
no longer significant when language competence was included, suggesting a possible 
mediation. Overall, the model explains 14% of the solution rate.

Björn et al. (2016) conducted a longitudinal study to explore the mediation of paren-
tal education via language competence and mathematical content-related skills on the 
development of solving reality-based tasks from primary to secondary school. The first 
model, focusing on language competence, showed that parental education had a par-
tial mediation effect through language competence (β = 0.31, p < 0.001). In addition, 
a direct effect was found between parental education and solving reality-based tasks 
(β = 0.12, p < 0.05). In the second model, content-related skills were included. The 
results revealed that the influence of parental education on solving reality-based tasks 
was completely mediated by language competence and content-related skills.

Reinhold et al. (2020a, 2020b) examined the relationship between cognitive factors, 
such as content-related skills, language competence, spatial skills, and solving reality-
based tasks and the role of gender. In the first model, where gender was the independent 
variable and modelling performance was the dependent variable, it was found that male 
students performed better at modelling tasks than female students (β = 0.554, p < 0.001). 
In the second model, the cognitive factors were included. The results showed that all 
cognitive factors explained solving reality-based tasks. Language competence emerged 
as the strongest predictor, with β = 0.342, p < 0.001, whereas content-related skills were 
the smallest predictor (β = 0.164, p < 0.001). Controlling for language competence, con-
tent-related skills, spatial skills, and general reasoning skills, boys performed on average 
13.6% more correctly than girls. The effect of gender, however, decreased to β = 0.285, 
p < 0.001, suggesting a mediation of cognitive factors.

The results on the relationship between sociodemographic characteristics and 
solving reality-based tasks with less detailed real-world situation descriptions dem-
onstrate that girls, students with a migration background, and students with less 
parental education and fewer cultural resources are disadvantaged. Even if ini-
tial results show that working on complex-situation leads to greater difficulties for 
students (Plath, 2020) and, thus, tends to increase educational inequality, working 
on complex-situation tasks is also necessary for math lessons to train students to 
become active, self-determined citizens in the sense of mathematical literacy who 
can make decisions in a variety of contexts using mathematics.

Present Study

This study aimed to investigate which students had particular difficulties in solv-
ing complex-situation tasks due to their sociodemographic characteristics to identify 
individuals who potentially need support in integrating such tasks into mathematics 
lessons.
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Plath (2020) showed that the comprehension process took longer and complex-
situation tasks were difficult to solve. It is precisely during the comprehension 
process that errors often occur (Alsina & Salgado, 2022; Blum, 2015; Jankvist 
& Niss, 2020; Wijaya et  al., 2014). As language skills and mathematical content-
related skills are critical for the comprehension process (Krawitz et al., 2022; Leiss 
et al., 2019), we also investigated whether language competence and mathematical 
content-related skills mediated the relationship between sociodemographic char-
acteristics and the competence to solve complex-situation tasks to formulate sup-
port options for the students concerned. This study aimed to answer the following 
research questions:

1.	 How much variance in the competence to solve complex-situation tasks can be 
explained by sociodemographic characteristics of students (gender, migration 
background, parental education, and cultural resources)?

2.	 To what extent do (a) mathematical content-related skills and (b) language com-
petence play a mediating role between sociodemographic characteristics and the 
competence to solve complex-situation tasks?

Based on the results on the relationship between sociodemographic character-
istics and solving reality-based tasks, we assumed that gender in favour of boys, 
migration background, parental education and cultural resources would directly 
affect the competence to solve complex-situation tasks. We also assumed that lan-
guage competence and mathematical content-related skills would mediate the con-
nection, as they are crucial for the comprehension process.

Figure  3 presents the theoretical model for solving these tasks, incorporating 
sociodemographic characteristics and two cognitive factors. The sociodemographic 
characteristics serve as distal predictors, whereas the cognitive factors act as pre-
sumed mediators in the middle. The theoretical model presents direct and indirect 
pathways.

Previous studies have either examined some of the sociodemographic character-
istics using reality-based tasks with other task characteristics or looked at situational 
complexity as a task characteristic (Plath, 2020), but have not considered the soci-
odemographic characteristics of the students. Thus, our study is the first to inves-
tigate the relationship between sociodemographic characteristics, cognitive factors, 
and solving complex-situation tasks.

Methods

Sample

To address the research questions, 519 students (female: 49.9%, male: 50.1%) at two 
schools (German: Gesamtschulen) in grades ninth and tenth were surveyed in the 
fall of 2020 in Germany. The average age of the students in the sample was 15.2 
years (SD = 0.913). Among the participants, 84.6% had no migration background, 
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whereas 15.4% had a migration background. The average highest level of paren-
tal education was 12.7 years (SD = 2.790), which corresponded to either holding a 
higher school certificate or having completed vocational training in Germany. Most 
students (23.2%) reported that they had 26–100 books at home.

Instruments

The students participated in an 85-min paper–pencil test, administered by trained 
test administrators who had received prior training. The questionnaire comprised 
four sections: solving complex-situation tasks, a cloze test to assess language com-
petence, a mathematical content-related test, and a sociodemographic questionnaire. 
Table 1 presents the means, standard deviations, and reliability of the variables. A 
rotating design was used to test as many complex-situation tasks as possible with 
various real-world situations. This design involved arranging the complex-situation 
tasks in 18 test booklets (see Fig. 4).

Complex‑Situation Tasks

The complex-situation tasks consisted of two sections: the complex description of 
the real-world situation (complex situation) and the mathematical question with pos-
sible solutions (item). An interdisciplinary team of mathematics didacticans, edu-
cational scientists, and linguists developed 30 complex situations. These situations 
were based on real-world problems from various subject areas such as digital media, 
environmental protection, alternative energy sources, health, transportation, technol-
ogy, nature, and finance. The complex situation, illustrated in Fig. 1 about the threat 
of varroa mites to the hive is from the subject area nature. The idea was to develop 

Fig. 3   Theoretical Model of Predictors for the Competence to Solve Complex-Situation Tasks
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diverse complex situations potentially relevant to students in their future and pre-
sent to ensure a close resemblance to the complexity of reality. Unlike reality-based 
tasks in textbooks, these complex situations included longer descriptions (number of 
words: M = 207, SD = 29) with real numerical and factual information. On average, 
the complex situation contained 8,02 (SD = 2.01) numerical data and an average of 
3.18 numerical data (SD = 1.31) from the complex situation is required to solve the 
tasks. The linguistic level of all complex situations was intermediate and measured 
with the readability index LIX (Anderson, 1981).

After the development of 30 complex situations, at least three mathematical ques-
tions (items) were formulated for each complex situation. All mathematical question 
tasks focused on the mathematical content area of functional relationships, ensuring 
that all students, regardless of their level, had covered the content in class. These 
questions had three different difficulty levels, light, medium, and heavy, and targeted 

Table 1   Psychometric Properties for Scales

a  WLE Person Separation Reliability. b Cronbach’s α

Scale M SD Range Number of 
items

Reliability

Competence to solve 
complex-situation tasks a

0.00 0.99 -4.06–3.87 15 0.73

Language competence b 19.25 4.81 0–25 25 0.88
Content-related skills b 3.07 2.11 -3.53–5.30 11 0.74

Fig. 4   Structure of the Study
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different sub-processes of the solution process. Figure 5 shows the complex situation 
of Varroa Mites with three different mathematical questions of varying difficulty 
levels. Students responded by selecting one of the five response options.

In total, each student completed 15 complex-situation tasks, consisting of a com-
plex situation (pool of 30) and an item with a difficulty level of light, medium, or 
heavy. Therefore, each student had five complex-situation tasks, at each difficulty 
level.

Competence to Solve Complex‑Situation Tasks  The competence to mathematically 
solve such complex described real-world situations is called “competence to solve 
complex-situation tasks" in this study. The term is based on the dimensions of mod-
elling competence by Blomhøj and Højgaard (2007) and focuses mainly on the third 
competence, the radius of action. More precisely, it measures how students solve 
different complex situations mathematically. Although the three different levels of 
difficulty activate different sub-processes during the solving process (degree of cov-
erage), these are not analysed individually. The dimension of the technical level is 
limited to the mathematical content area of functional relationships.

To determine student ability estimates for competence to solve complex-situation 
tasks, one-dimensional IRT models were applied using ConQuest (Wu et al., 2007) 
due to the rotating design. The solutions and difficulty level of the tasks were con-
sidered in the Rasch scaling of competence to solve complex-situation tasks. Six 
additional reality-based tasks in each test booklet served as anchor items for the 
Rasch scaling process in which all students solved the tasks (Fischer et al., 2021).

Cognitive Factors

The test instrument used to record mathematical content-related skills was focused 
on the same content area as the reality-based tasks, specifically the functional rela-
tionship. The test instrument consisted of a total of 11 items, with eight items taken 
from a standardised test that required solving equations, e.g. 5 + x = 3, x = ? (Schmidt 

Fig. 5   Example of Three Difficulty Levels in the Same Complex Situation
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et al., 2012). To capture all the necessary content-related skills, three further tasks 
were self-developed, which required knowledge of technical terms for their solution, 
e.g. “Given are the two following functions: y1 = 2 ⋅ x + 1 and y2 = 2,5 ⋅ x. What is 
the intersection of the two functions?”. To select the test items, two experts in math-
ematics didactics first independently analysed the necessary content-related skills 
for solving all complex-situation tasks on three difficulty levels and selected them 
on this basis. As not all content-related skills were covered by the standardised test, 
each of the experts developed additional tasks to cover all content-related skills. In 
the final step of item selection, the experts compared their results and agreed on the 
11 items. The reliability of the mathematical content-related skills test (M = 3.07, 
SD = 2.11) can be rated as good, with Cronbach’s α = 0.74 (Table 1). The students’ 
content-related skills were assessed by calculating the sum score of correctly solved 
tasks.

Students’ language competence was assessed using a brief cloze test (DCLL + 3).1 
The cloze format has been proven to be a fairly robust, reliable, and valid measure 
of general language competence (Tremblay, 2011). The text consisted of an excerpt 
from a German newspaper focused on the topic of people going to work despite 
being sick. This is a classic information text describing a real-world problem, like 
complex-situation tasks. The text comprised 96 words. During the test, students 
were given five minutes to complete the second part of 25 words. The total score of 
the student’s language competence is the number of correctly spelt words.

Sociodemographic Characteristics

Sociodemographic characteristics were determined using a sociodemographic 
questionnaire, which included items on gender, age, migration background, paren-
tal education, and cultural resources. Gender was recorded as binary: male = 1 and 
female = 2. Parental education was measured as the highest educational attainment 
of the parents in years. The PARED index was used to calculate parental education 
(for more details see: OECD, 2014b). Cultural resources were assessed by asking 
students to indicate the number of books they had at home. This was measured on 
a six-point scale ranging from “0–10 books” to “more than 500 books” (for more 
details see: OECD, 2014b). Each item was dummy coded: “0–10 books” = 1, and 
“more than 500 books” = 6. The book variable has been used for years in large-scale 
assessments as an indicator of socio-economic status (OECD, 2014b; Yin & Fish-
bein, 2020). Even though e-books have been increasingly bought, the book question 
is a valid instrument for measuring cultural resources (Schwippert, 2019). Migration 
backgrounds were determined by students indicating the country in which they and 
their parents were born. The response options were “Germany” or “other country”. 
Migration background was divided into two categories: students without a migration 
background (i.e. both parents were born in Germany, coded with 1) and students 
with a migration background (i.e. both parents were not born in Germany, coded 

1  The DCLL + 3 is a standardised test and is available from the Test Development and Diagnostics Unit 
of the Hamburg Institute for Educational Monitoring and Quality Assurance.



111

1 3

Reality‑Based Tasks with Complex‑Situations: Identifying…

with 2). Table 2 shows the correlation among the seven measures in this study. None 
of the correlation coefficients exceeded r = 0.47, indicating that there were no spuri-
ous inter-correlations between the measures expected for the path model.

Data Analysis

To ensure that the planned path analysis had sufficient statistical power, we con-
ducted two apriori G-power analyses for research questions 1 and 2. The result of 
the G-power analysis revealed that a minimum sample size of 191 (RQ1) and 215 
participants (RQ2) was required. The sample of this study is considered sufficient 
for accurately calculating the effects.

We conducted path analyses using Mplus (Muthén & Muthén, 1998-2017) to 
examine the association between gender, sociodemographic characteristics (parental 
education, cultural resources, and migration background), language competence, and 
mathematical content-related skills while solving complex-situation tasks. Due to 
its dichotomous coding, gender was standardised with the STDY option. The other 
coefficients were standardised with the STDYX option. For each research question, 
we calculated two models: (RQ1: Model 1, RQ2a-b: Model 2). Their model fits 
were Model 1: χ2(3) = 1.750, p = 0.623, CFI = 1.000, TLI = 1.000, RMSEA = 0.000, 
SRMR = 0.017 and Model 2: χ2(3) = 1.841, p = 0.606, CFI = 1.000, TLI = 1.000, 
RMSEA = 0.000, SRMR = 0.013.

To address the first research question, we calculated Model 1, which included 
gender, migration background, parental education, and cultural resources as inde-
pendent variables, and competence to solve complex-situation tasks as dependent 
one. In addition, inter-correlations between the sociodemographic characteristics 
were estimated. For the second research question, we utilised Model 2. This model 
incorporated cognitive factors as possible mediators. Two paths were estimated, 
each representing the relationship between sociodemographic characteristics as 
independent variables and content-related skills (RQ2a) and language competence 
(RQ2b) as dependent variables. In the third path of the second model, the sociode-
mographic characteristics (gender, migration background, parental education, and 

Table 2   Correlation of Study Variables

a  1 = male and 2 = female. b 1 = without migration background and 2 = with migration background
* p < 0.05. **p < 0.01

Variable 1 2 3 4 5 6 7

1. Competence to solve 
complex-situation tasks

 − 

2. Language competence 0.43**  − 
3. Content-related skills 0.47** 0.26**  − 
4. Gender -0.11* 0.16** -0.02  − 
5. Migration background b -0.18** -0.35** -0.13** 0.03  − 
6. Parental education 0.19** 0.26** 0.12** -0.06 -0.24**  − 
7. Cultural resources 0.25** 0.26** 0.20** -0.03 0.23** 0.28**  − 
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cultural resources) and the two cognitive factors (content-related skills and language 
competence) were treated as independent variables and competence to solve com-
plex-situation tasks as dependent ones. We also considered the inter-correlations 
between content-related skills and language competence and between sociodemo-
graphic characteristics.

Results

The presentation of results focuses on the relationship between sociodemographic 
characteristics and competence to solve complex-situation tasks and whether the 
relationship is mediated by cognitive factors (content-related skills and language 
competence). Figure 6 shows the results of the path analysis.

Prediction of Sociodemographic Characteristics for Competence to Solve 
Complex‑Situation Tasks (RQ1)

The first research question investigated the relationship between sociodemographic 
characteristics (gender, migration background, parental education, and cultural 
resources) and competence to solve complex-situation tasks. The sociodemographic 
characteristics accounted for 9.7% (p < 0.001) of the competence to solve complex-
situation tasks. The analysis showed that students with more cultural resources 
(β = 0.195, p < 0.001) and those without a migration background (β = -0.114, 
p < 0.05) had significantly higher competence to solve complex-situation tasks. 
Higher parental education (β = 0.103, p < 0.05) had a significant prediction effect on 
solving complex-situation tasks. Gender had a prediction effect in favour of boys 
(β = -0.186, p < 0. 05) when compared to girls.

Role of Cognitive Factors in the Relationship between Sociodemographic 
Characteristics and Competence to Solve Complex‑Situation Tasks

Role of Content‑related Skills Between Sociodemographic Characteristics 
and Competence to Solve Complex‑Situation Tasks (RQ2a)

Concerning the second question (a) regarding whether content-related skills medi-
ated the relationship between sociodemographic characteristics and competence to 
solve complex-situation tasks, the path analysis showed that content-related skills 
served as a mediator of the relationship between cultural resources and competence 
to solve complex-situation tasks. Among the sociodemographic characteristics, only 
cultural resources had a significant prediction of content-related skills (β = 0.169, 
p < 0.001).
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Role of Language Competence Between Sociodemographic Characteristics 
and Competence to Solve Complex‑Situation Tasks (RQ2b)

In terms of language competence, all sociodemographic characteristics were medi-
ated by language competence concerning competence to solve complex-situation 
tasks. Gender in favour of girls had the strongest effect on language competence 
(β = 0.356, p < 0.001). Students without a migration background had significantly 
better language competence than those with one (β = -0.279, p < 0.001). Parental 
education (β = 0.158, p < 0.01) and cultural resources (β = 0.156, p < 0.001) had a 
significant effect on student language competence. Students whose parents had a 
higher level of education and more cultural resources at home developed better lan-
guage competence.

Direct and Indirect Effects of Sociodemographic Characteristics on Competence 
to Solve Complex‑Situation Tasks

Despite the significant mediation of gender on language competence, student gen-
der directly affected competence to solve complex-situation tasks (β = -0.294, 
p < 0.001). This means that when language competence, content-related skills, and 

Note. The standardized beta coefficients and significance levels are shown alongside the arrows. Each
arrow representing the direct effects of sociodemographic characteristics on competence to solve
complex-situation tasks is associated with two beta coefficients. The first coefficient corresponds to the
beta coefficient in Model 1, which only includes sociodemographic characteristics and competence to
solve complex-situation tasks. The second beta coefficient represents the direct effect despite the mediation
effect in the analysis of Model 2 (for research questions 2a and 2b). *p < .05. **p < .01. ***p < .001    

Fig. 6   Path Analysis Prediction of Sociodemographic Characteristics for Competence to Solve Complex-
Situation Tasks with Cognitive Factors as Mediators
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social background were equal, boys outperformed girls in solving complex-sit-
uation tasks. Compared to the first model, this effect increased with the inclusion 
of cognitive factors. Cultural resources also had a significant but negligible effect 
(β = 0.082, p < 0.01) on competence to solve complex-situation tasks, which was 
mediated through language competence (β = 0.156, p < 0.001). More specifically, 
cultural resources indirectly affected competence to solve complex-situation tasks 
through their impact on language competence. Therefore, for students with the same 
language competence, migration background and parental education did not have a 
direct influence on competence to solve complex-situation tasks.

In terms of cognitive factors, content-related skills (β = 0.362, p < 0.001) and 
language competence (β = 0.333, p < 0.001) emerged as the strongest predictors of 
competence to solve complex-situation tasks. Overall, Model 2 explained 35.2% 
(p < 0.001) of the variance in solving complex-situation tasks. Comparing the vari-
ance resolutions of Models 1 and 2, it is evident that the inclusion of cognitive fac-
tors in Model 2 explained 25.5% more variance in the competence to solve complex-
situation tasks.

Discussion

In terms of mathematical literacy, students should be empowered to make decisions 
with mathematics. Accordingly, in addition to the existing reality-based tasks, math-
ematics education must also include tasks that take into account the complexity of 
the situation in reality. So far, we know that such complex-situation tasks are par-
ticularly difficult for students (Plath, 2020) and that students with certain sociode-
mographic characteristics are at a disadvantage when solving reality-based tasks 
in general (e.g. OECD, 2023b). To identify students who potentially need support 
in maths lessons when working on a variety of complex-situation tasks, this study 
aims to determine which students need support and whether certain cognitive factors 
mediate the relationship to show possibilities for support.

Empirical Insights and Theoretical Contributions

The results of previous studies (e.g. OECD, 2013, 2014a; Vilenius-Tuohimaa et al., 
2008) support the findings in this study concerning the relationship between soci-
odemographic characteristics and solving complex-situation tasks (RQ1). This study 
demonstrated that factors such as gender (favouring boys), migration background, 
parental education and cultural resources (at the expense of socially advantaged stu-
dents) explained a total of 9.7% of the variance in  competence to solve complex-
situation tasks. When considering cognitive factors as mediators (RQ2), boys and 
students with more cultural resources maintained a direct association with better 
competence to solve complex-situation tasks. The impact of students’ migration 
background and parental education is fully mediated by language competence. Fur-
thermore, gender and cultural resources are mediated by language competence, and 
cultural resources are mediated by content-related skills. Among cognitive factors, 
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content-related skills (β = 0.362, p < 0.001) are the strongest predictor followed 
by language competence (β = 0.327, p < 0.001). In comparison, Reinhold et  al., 
(2020a, 2020b) considered other cognitive factors and found that content-related 
skills (β = 0.164, p < 0.001) were the lowest predictor of solving reality-based tasks, 
whereas language competence (β = 0.342, p < 0.001) was the highest. Overall, the 
path analysis in this study accounts for 35.2% of the variance in solving complex-
situation tasks which is considered a high-value (Cohen, 1988). The results of the 
study are in line with the theoretical models of Eccles and Wigfield (2020), as the 
investigated sociodemographic characteristics of the students (social and cultural 
environment) are directly and indirectly predictive of the competence to solve com-
plex-situation tasks (performance). Concerning the modelling cycle, it can be stated 
that language competence as well as content-related skills affect solving. This study 
did not investigate the specific sub-processes of the modelling cycle in which cogni-
tive factors play a role. Further research is necessary to determine this.

Limitations and Suggestions for Further Research

In this study, complex-situation tasks were created to approximate complexity 
in potentially relevant real-world problems of students in their future and present. 
Importantly, we mainly focused on investigating the dimension radius of action to 
complex-situation tasks (Blomhøj & Højgaard, 2007). The tasks were designed 
with mathematical questions and one-choice solutions to allow for the exploration 
of multiple real-world situations. Further research should consider examining all 
dimensions and other task characteristics, such as open questions and multiple solu-
tions in complex-situation tasks.

In this study, we focused on investigating two cognitive factors: general language 
competence and content-related skills as mediators. Other studies have highlighted 
the importance of cognitive factors such as subject-related language abilities (e.g. 
Ufer & Bochnik, 2020), metacognitive knowledge (e.g. Vorhölter, 2023), spatial 
abilities, and general reasoning (e.g. Reinhold et  al., 2020a, 2020b). Therefore, 
future studies could consider including these additional cognitive factors as media-
tors and re-examine the relationship between sociodemographic characteristics and 
solving complex-situation tasks. It would also be interesting to see whether auxil-
iary material, as found by Guerrero-Ortiz et al. (2018) in primary school students, 
would also help solve complex-situation tasks. This would allow for the identifica-
tion of additional support possibilities for students. Future research could investi-
gate whether the different real-world situations influence the solving of complex-
situation tasks, as Albarracín et al. (2021) found that different strategies were used 
to solve tasks in different real-world situations.

Conclusions and Implications for Practice

The results indicate that language competence and content-related skills are crucial 
for the development of competence to solve complex-situation tasks. Supporting the 
development of these cognitive factors is critical for socially disadvantaged students, 
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as language competence and content-related skills are influenced by sociodemo-
graphic characteristics. However, the small direct effect of cultural resources and 
the indirect effect of migration background and parental education on cognitive fac-
tors showed that socially disadvantaged students need further support for solving 
complex-situation tasks in addition to cognitive factor support. Socially disadvan-
taged students are a particular focus, as both language and content-related skills are 
influenced by sociodemographic characteristics. However, female students perform 
worse in complex-situation tasks despite better language skills and no significant 
differences in content-related skills. Therefore, it is crucial to provide additional sup-
port and encouragement for female students in the field of complex-situation tasks.

The complex-situation tasks developed in this study are closed questions at three 
different levels of difficulty. Each student was only given one mathematical question 
(at one difficulty level) on one complex-situation. To prepare complex tasks for a het-
erogeneous group of students in class, the teacher could offer tasks of different levels, 
both open and closed. In the context of low ceiling high floor tasks (e.g. Boaler, 2022; 
Sullivan et al., 2009), students can work on the three tasks of a complex situation one 
after the other. They can then be encouraged to develop further, more challenging ques-
tions through problem-posing. This would involve engaging deeply with the complex 
situation and the mathematical content at various levels of difficulty. Importantly, even 
if certain groups may have advantages in the competence to solve complex-situation 
tasks, it is vital to incorporate more complex-situation tasks into mathematics lessons 
while considering the special individual students’ needs. The goal of mathematics edu-
cation is to provide all students with an opportunity to develop mathematical literacy to 
make informed decisions based on mathematical considerations.
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