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ARTICLE INFO ABSTRACT
Received: 03 Mar. 2023 This study investigates the extent to which student and task-related characteristics are associated with different
Accepted: 17 May 2023 types of note-taking and analyzes how task success depends on these elements. For this purpose, a sample of

n=866 students (age: mean=13.99) completing two reality-based tasks as part of a paper and pencil test are
considered. The results demonstrate that the note-taking type differs significantly between the two parallel
constructed tasks. For example, language skills (r=.26), interest in mathematics (r=.13), and the socio-economic
statuses (r=.12) are observed to be significantly correlated to greater note-taking frequency. Based on linear
regression (dependent variable: successful task solution), 34% of the variance is attributed to note-taking and
other student characteristics. The most relevant predictor for a successful task solution (f=.36) is notes containing
an elaboration of the given task information.
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INTRODUCTION

Long before mathematical maturity was popularized (Boaler, 2022), efforts were made to reform mathematical teaching and
task culture. Word problems (mathematical problems presented in words) have always been central to mathematical study in
schools everywhere (Verschaffel et al., 2020). Verschaffel et al. (2020) reported that word problems were found in ancient Chinese
and Indian manuscripts as well as Egyptian papyri. In more recent times, real-world functional applications have become the
primary goal of mathematical education (Niss, 2016). Application-oriented mathematical instruction involves a broad spectrum
of word problems and has been researched extensively in mathematical didactics for several decades (e.g., Blum et al., 2007;
Brown, 2019; Frejd, 2013; Pollak, 1979). Reality-based tasks generally motivate students to understand and structure real-life
situations using mathematical tools to solve underlying problems (Blum & Leiss, 2007). Numerous empirical studies have
demonstrated that the associated translation process between reality and mathematics is associated with cognitive barriers
(Galbraith & Stillman, 2006; Wijaya et al., 2014) and that understanding real problem situations is a source of concern for students
(Leiss et al., 2010). Accordingly, to equip students with mathematical application competencies, they must be trained on reading
(Schnotz & Dutke, 2004) and related learning strategies. One promising strategy is note-taking to understand problem situations
provided in textual form. According to Lonka et al. (1994) and Slotte et al. (2001), note-taking can be classified into several types
in this context, corresponding to elaboration strategies used during different stages of the problem-solving process, viz., dealing
with the problem situation intensively, making the presented information explicit, and restricting it in a goal-oriented manner
(Staub, 2006). However, differential analyses on the design of notes and the specific influence of note-taking on the solution
process while working on reality-based mathematical tasks represent a research desideratum. This is the motivation for the
present study, which investigates the extent to which personal and task-related characteristics are associated with different types
of note-taking. Furthermore, it analyzes the dependence of task solution success on note-taking type.

STATE OF RESEARCH

Incorporating reality-based tasks and debating whether embedding problems in real-world contexts is beneficial or
detrimental to mathematical learning are longstanding questions in mathematical education (Brown, 2019). They have been
researched extensively as part of mathematical didactics ever since educational systems began to prioritize word problems to
train students in real-world application (Reinhold et al., 2020). In the scientific community, different terms and definitions are used
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for different types of reality-based tasks (Verschaffel et al., 2020). They comprise a continuum between “dressed-up” word
problems and modelling tasks (Leiss et al., 2019; Verschaffel et al., 2020). Herein, based on the study by Strohmaier (2020), we
consider word problems as tasks that present information primarily in textual form and represent functional and realistic contexts
besides the mathematical one. In contrast, more complex tasks containing, for example, non-essential information or different
representations are described as mathematical modelling tasks (Strohmaier, 2020).

Reality-Based Mathematics Teaching

For over three decades, application-oriented mathematics teaching has been a central topic in mathematical didactics (Blum
et al., 2007; Kaiser & Schukajlow, 2022). Reality-based tasks are a particularly relevant type of mathematical task. In addition, the
act of presenting personalized and interesting tasks has been reported to enhance perception of the relevance of mathematics
(Gijsbers et al., 2020) and increase the solution rates of tasks (Davis-Dorsey et al., 1991; Walkington, 2013). In these reality-based
tasks, students have to filter and structure relevant aspects from the real-life situation described to solve the task. Essentially,
students must interpret and understand a real situation to arrive at a solution. This requirement promotes logical thinking,
constructive learning (van den Heuvel-Panhuizen, 2003) creativity, and critical questioning (UNESCO, 2017) through reflection and
communication. In addition, these real-world contexts should be used as a didactic tool to support mathematical learning (Niss
et al., 2007; Paredes et al., 2020; Wijaya et al., 2015). However, reality-based tasks should be clearly distinguished from intra-
mathematical tasks, which have no relation to reality and only require mathematical procedures to solve them (Niss et al., 2007;
Palm, 2002; Verschaffel et al., 2020). Different mathematical tasks represented in words can be classified on a spectrum of
authenticity on which traditional word problems, as described in Cummins et al. (1988) and Verschaffel et al. (2000), represent the
negative pole and modelling tasks, as described in Kaiser (2017), represent the positive pole (Verschaffel et al., 2020).

Moreover, Daroczy et al. (2015) and Reinhold et al. (2020) reported that reality-based tasks require special linguistic skills. In
particular, they established that the complexity of a situation and its linguistic formulation is proportional to the difficulty of its
comprehension and solution (Leiss et al., 2019). However, even when all information is acquired correctly, inadequate cognitive
function of language comprehension can obstruct further processing. Dryvold et al. (2015) theorized that, in addition to general
reading competence, subject-specific text comprehension is fundamental to effectively translate mathematical concepts into real
solutions.

Depaepe et al. (2010) proposed shifting a part of the focus during the solution of reality-based tasks from intra-mathematical
aspects to contextual and linguistic elements. Nevertheless, intra-mathematical skills are equally important, which has been
demonstrated repeatedly (Daroczy et al., 2015; Fuchs et al., 2006; Leiss et al., 2010; Pongsakdi et al., 2020; Reinhold et al., 2020;
Schnotz & Dutke, 2004). Leiss et al. (2010) related the term “reality-based” to the complexity of a task without its question and
question complexity, revealing a correlation between the complexity of a situation (situation value) and the corresponding
reference to reality. The study reports, however, that creating problems with high situation value and high empirical difficulty
tends to be challenging (Leiss et al., 2010). Consequently, working on reality-based tasks requires a variety of special
competencies, characterized, among other factors, by the translation processes between the real world (extra-mathematical
context) and mathematics (intra-mathematical content) (Blomhgj & Jensen, 2007; Blum & Leiss, 2007; Borromeo Ferri, 2006; Matos
& Carreira, 1995; Schukajlow et al., 2018).

Thus, reality-based tasks require a significant degree of maneuvering during task creation and processing, which can introduce
difficulties for teachers and students. Various empirical studies have demonstrated that the translation process can lead to the
introduction of cognitive barriers in the different phases (Clarkson, 1991; Galbraith & Stillman, 2006; Kaiser et al., 2011; Leiss et al.,
2010; Mayer & Hegarty, 1996; Stillman et al., 2010; Wijaya et al., 2014). Therefore, the phase of comprehension must be the focus
of research (Blum & Leiss, 2007). Errors in comprehension can affect subsequent decisions severely and induce further errors in
subsequent phases (Clarkson, 1991; Leiss et al., 2010; Mayer & Hegarty, 1996; Wijaya et al., 2014).

Moreover, according to Kintsch and van Dijk (1978), the critical linguistic steps involved in solving word problems are (1)
constructing a mental representation (situation model) and (2) transforming it into a mathematical model. This observation was
complemented by Schukajlow et al. (2012) and Leiss et al. (2019), who demonstrated that constructing a situation model is critical
for correctly solving these tasks and that it generally requires approximately 40% of the total solution time. Similarly, solution
performance also relies significantly on the linguistic complexity of the task. These situation models rely on task features, such as
semantic structure and thematic context, as well as on intra-personal characteristics, such as the reading competence of students
and their prior contextual knowledge, which form the basis for subsequent task processing (Leiss et al., 2010; Reusser, 1988).

Thus, authentic tasks in mathematical education require specific language skills (Daroczy et al., 2015), particularly text
comprehension (Fuchs et al., 2018; Pongsakdi et al., 2020) and reading comprehension (Lee et al., 2004; Leiss et al., 2019). For
example, students experience difficulty in determining and organizing relevant objects or identifying appropriate mathematical
objects and solution methods (Rellensmann et al., 2020). To overcome the aforementioned difficulties, Vorhdlter (2018) and
Schukajlow et al. (2021) recommended metacognitive strategies. Staub (2006) explained the special utilization of note-taking as
a metacognitive elaboration strategy.

Note-Taking as a Solution Method
Writing is a student-initiated strategy that serves as a basis for note-taking. In schools, teachers often employ writing to
support content learning (Gillespie et al., 2014; Ray et al., 2016).

Students who take notes are known to perform better in reading comprehension than those who do not (Chang & Ku, 2015;
Graham et al., 2020). Graham et al. (2020) published a meta-analysis, revealing that asking students to write down content in
mathematics classrooms improves learning. Writing improves students’ understanding and application of content knowledge and
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facilitates the learning of material that is not the direct focus of instruction (Graham et al., 2020). Chang and Ku (2015) attributed
this effect to the fact that, as explained in the previous section, note-taking helps students retain what they read and make
connections between individual pieces of textual information. However, the nature of note-taking and its characteristics merit
further investigation.

For this purpose, a product of note-taking is studied: notes. According to Staub (2006), various forms of notes can be used at
diverse points of the solution process to express represented information explicitly. They could also serve as external storage for
information that can be referred to during later stages of the solution process (Staub, 2006). The following two aspects are central
to the function of notes: extracting information from the text of a task described by encoding or explicating the textually
represented data that are essential to the solution and elaborating and expanding the given information and data. According to
Staub (2006), the second facet is more interesting.

Herein, we focus on the recording of notes, called note-taking, as a problem-solving strategy as described in Rogiers et al.
(2020), among others. Using (metacognitive) strategies, one can identify different student profiles. Out of all the profiles, the
information organizers and integrated strategy users are conspicuous. They frequently use the strategies of summarizing,
paraphrasing, elaborating, and highlighting (Rogiers et al., 2020). Rovers et al. (2019) found that performance approach goals do
not predict strategies, while mastery goals predict strategies associated with organization and elaboration. Among other things,
marking is related to understanding situation models (Rovers et al., 2019). These strategies can be divided into overt cognitive
strategies, such as marking texts, and covert cognitive strategies, such as paraphrasing or elaborating (Rogiers et al., 2020). For
example, deep strategies such as elaboration and organization are reportedly more effective than more superficial strategies such
as rehearsal (Pintrich et al., 1993); even within these categories, certain strategies are likely to be more effective than others
(Rovers et al., 2019). For example, organizational strategies lend themselves to capturing connections between constructs.
However, to capture global theories and systems, elaboration strategies are more appropriate. Moreover, different strategies may
be more effective and/or better aligned at different stages of learning (Greene & Azevedo, 2007). In particular, note-taking and
summary writing (organization) are linked to comprehension of expository texts (Samuelstuen & Braten, 2007).

Similarly, Weinstein and Mayer (1986) categorized learning strategies into memorization, organization, elaboration, and
monitoring. Memorization involves using notes as an external memory. Organization refers to relating, grouping, or ordering
information and ideas from the learning material (e.g., summarizing, outlining, and diagramming textual information).
Elaboration serves to make the material more meaningful using connections between the information contained in the material
and that from other sources (e.g., by linking it to relevant prior knowledge). Finally, in monitoring, individuals assess or regulate
their learning (e.g., confirming comprehension, identifying the problem, and arriving at a solution) (Braten & Samuelstuen, 2007).
For learning from texts, research (National Reading Panel, 2000; Trabasso & Bouchard, 2002) indicates that organization,
elaboration, and monitoring, are particularly important for successful performance (Braten & Samuelstuen, 2007). Braten and
Samuelstuen (2007) focused on marking, note-taking, and summary writing in their study, because the literature (e.g., Chang &
Ku, 2015; Hadwin & Winne, 1996; Jamieson-Noel & Winne, 2003; King, 1992; Kiewra, 1989; Kiewra et al., 1991; Kobayashi, 2005;
Lahtinen et al., 1997) credits these strategies with promoting comprehension. Another reason was the uniqueness of the use of
the chosen strategies, which was directly investigated in their study.

For mathematics and applied tasks described using a factual text, several studies have demonstrated that both the process
and product of note-taking are beneficial to learning (Chang & Ku, 2015; Kiewra, 1989; Kiewra et al., 1991; Kobayashi, 2005). In
particular, self-generated informal drawings support the translation process (between the real world and mathematics) by
enabling students to include their prior domain knowledge more naturally than in a formal and abstract model (Leenaars et al.,
2013). Furthermore, conclusive evidence exists to support the positive influence of note-taking on reading comprehension,
memory, and retention (Laidlaw et al., 1993; Leiss et al., 2019; Kiewra et al., 1995; Spires & Stone, 1989). Leenaars et al. (2013) and
Piolat et al. (2005) also demonstrated that note-taking promotes better comprehension of information, and consequently, of the
situation. Thus, an adequate situation model can be designed based on note-taking, which has a positive effect on the solution
process (Leenaars et al., 2013). Schukajlow et al. (2012) also identified note-taking as an essential tool in the solution process.

In his study of notes, Staub (2006) isolated features such as rendering the situation in one’s own words, summaries, graphs,
tables, conceptual networks, and matrix representations to describe the qualitative processing of notes. Two overarching
qualitative features in any form of note-taking are the completeness and the generative transformation of the notes. These are
fundamental to contextualizing individual statements and developing an adequate model of each situation (van Dijk & Kintsch,
1983). Lonka et al. (1994) and Slotte et al. (2001) corroborate the hypothesis that any strategy with the aim of learning a small
detail reinforces its learning, whereas central ideas are learned independent of strategies. Similarly, they demonstrated that
underlining is correlated to success in tasks requiring deep comprehension of the text. However, concept mapping, that is,
structuring representations, is a successful strategy for solving tasks that require a critical review of the learned material. Notes
can also be classified based on the aspects of content, design, and performance.

According to Chang and Ku (2014), note-taking can be classified as active learning behavior. Passive learning behavior involves
merely reading a text, whereas active learning involves underlining or highlighting aspects of the text or taking verbatim notes.
Constructive learning behavior involves active note-taking using one’s own words and associated self-explanation attempts. For
example, Cox (1999) reported a self-explanation effect that is more pronounced in higher performing students who take notes in
their own words and enhance them with connections. Meanwhile weaker students tend to repeat textual contents word-for-word
in external representations (Cox, 1999).

Summarizing and concept mapping are superior to verbatim note-taking, marking, and plain reading according to various
studies (Lahtinen et al., 1997). However, most learners tend to take notes in a superficial, verbatim, and linear structure (Boch &
Piolat, 2005; Lahtinen et al., 1997). Other possible structures include matrix forms (Atkinson et al., 1999) in which, for example,
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information is tabulated as juxtaposed notes. Buzan (1983) developed mind-mapping as a special note-taking technique that
includes topic- or problem-related information and ideas, presented in a structured manner. Generally, concept maps are special
diagrams that depict topic-related concepts and their interrelationships within a hierarchical structure (Brinkmann, 2005).
Numerous studies have demonstrated that using concept and mind maps is conducive to mathematical reasoning (Brinkmann,
2003, 2005; Entrekin, 1992; Malone & Dekkers, 1984; Novak, 1990, 1996). Thus, the structuring of information is considered in the
present study.

The different strategies discussed here can be classified using the following gradations comparable to elaboration scores (see
Methods section) (adapted from Lahtinen et al., 1997; Lonka et al., 1994; Slotte et al., 2001):

(0) no recognizable notations,

(1) marking of parts of the text,

(2) active note-taking in the form of verbatim quotations,
3)

3) constructive note-taking in the form of summarizing paraphrases.
Note-Taking While Solving Reality-Based Tasks

The primary function of notes in this case is to quickly organize, structure, and elaborate information. However, note-taking
affects different reality-based mathematical tasks based on their type. Therefore, several task types are considered in this study
to provide a broader picture of the state of research. These task types differ in some categories from the ones presented here.
Nevertheless, they all have the application and the textual form of presentation in common.

For example, Hegarty and Kozhevnikov (1999) found that the use of schematic representations is related to the solution
success of reality-based tasks, whereas pictorial representations are negatively correlated with success; Boonen et al. (2014)
corroborated this result. Based on these two studies, we can conclude that a more detailed differentiation of notes is required to
draw more meaningful conclusions. A finer classification by Verschaffel et al. (2020) revealed that correct schematic
representations have a positive influence on the solution success of reality-based tasks. Further, Pape (2004) reported examples,
where implementing note-taking as a reading strategy leads to a better understanding of the situation while solving reality-based
tasks. A literature review also revealed three studies in particular devoted to note-taking in reality-based tasks (Leiss et al., 2019;
Plath, 2017, 2020). All of these studies described note-taking as a strategy for comprehension and structuring. Plath (2020)
demonstrated that note-taking is used in approximately 40% of all word problems and in more than 60% of newspaper-text tasks.
They concluded that the use of comprehension strategies and the correctness of the solutions are unrelated. Leiss et al. (2019)
reported that the comprehension process accounts for 40% of the entire solution process. Regarding the use of comprehension
strategies, all three phases of the comprehension strategies were identified; in contrast to all other strategies, note-taking
exhibited significant value as a comprehension strategy (r=.263) when correlated with the construction of a suitable situation
model, which in turn was correlated with the successful solution of the task (r=.116). Consequently, the research conclusions on
the correlation between note-taking and the successful solution of reality-based tasks are ambiguous. These studies
demonstrated that learners also spontaneously use certain familiar reading strategies, such as marking, taking notes and writing
down details, repeated reading, or pictorial imagining, while solving mathematical problems (Plath & Leiss, 2018). However, the
tasks’ solution rates remained unaffected by these strategies (Leiss et al., 2019; Plath, 2020). Moreover, Plath (2017, 2020) found
no statistically significant correlations between successful solution and comprehension strategies, whereas Leiss et al. (2019)
demonstrated a significant positive relationship.

Note-taking while solving reality-based tasks is supported in German schools by the strategy instrument “question,
calculation, response.” Itisimplemented to enable students to reflect actively on the aim of the task, possible methods of solution,
and the actual solution itself. Thus, relevant actions include discerning the information provided in the text, identifying the
information to be found, and identifying a method to obtain it. Using this methodology, students learn to use the varying outlines
to structure their notes on a task (Buschmeier, 2017; Rinkens & Dingemans, 2014). In summary, the students do not merely write
down the calculation of the solution but also note down all relevant information in advance.

In addition to the growing body of research on reality-based mathematical tasks, in general, and on sketches used in
mathematical education, in particular (Rellensmann et al., 2020), numerous studies have been conducted on the general use of
note-taking to promote long-term learning and note-taking while listening (Chen, 2021; Hagen et al., 2014; Witherby & Tauber,
2019). However, few studies have investigated how note-taking helps students to complete mathematical tasks in performance-
oriented situations such as the classroom.

Furthermore, certain individual characteristics could influence the solution success rate of mathematical modelling tasks.

For example, the effect of gender differences on to mathematical education has already been investigated (for an overview:
Reilly et al., 2015) in a few school achievement studies (Ludwig & Reit, 2013). Over the past two decades, meta-analyses have
revealed small but stable mean gender differences in favor of men. However, the aforementioned studies (Leiss et al., 2019) have
generally failed to establish a gender disparity in terms of reality-based task solving and note-taking as a tool for comprehension.
Ludwig and Reit (2013) were unable to identify significant gender differences affecting the solution process of reality-based tasks.

Supplementary to these numerous studies (Fuchs et al., 2008; OECD, 2013, 2019; Plath & Leiss, 2018; Walkington et al., 2018),
related research has indicated that the social background of students (e.g., parental education, migration background) is
correlated to their success in solving mathematical problems with real-world contexts.
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Research Questions and Hypotheses

Based on the above-mentioned research background, following four research questions were selected as the focus of this
study:

(1) Which quantitative and qualitative characteristics of note-taking are exhibited by students during the solution of reality-
based mathematical tasks?

(2) Whatis the extent of the relationship between taking different types of notes and solving reality-based mathematical tasks
correctly?

(3) Whatis the extent of the dependence of (a) note-taking during the solution of reality-based mathematical tasks and (b) the
degree of elaboration of those notes on specific student characteristics?

(4) In addition to personal characteristics, to what extent does taking (elaborated) notes explain additional variance with
regard to the solution of reality-based mathematical tasks?

Regarding the first question, we assume that, irrespective of the students’ personal preferences, specific task characteristics,
such as the mathematical quantities encountered, the types of mathematical units used, or the situational complexity, exhibit
varying influences on the type of notes used. In addition, we wish to note that the first question seeks clarification regarding the
differences in quantitative and qualitative characteristics of note-taking between two reality-based mathematical tasks.

The second question addresses the effect of different types of notes on the successful processing of reality-based
mathematical tasks. We assume that the use of notes tends to have a positive effect on the solution of mathematical tasks.
However, to be precise, noting irrelevant information is associated with lower solution rates, whereas independent data
processing or elaboration is associated with higher solution rates.

Inthe case of the third question, we assume that, in addition to specific task characteristics, personal characteristics, attitudes,
and competencies also influence the process and final product of note-taking. In other words, the style of note-taking as well as
the characteristics of the notes are influenced by the person taking notes. We assume that better school grades in German and
mathematics and individuals belonging to a school type with a tendency toward a more performance-oriented milieu are
correlated to increased note-taking (because higher performing students take notes as paraphrasing summaries). Furthermore,
we assume that better language skills (in relation to the special linguistic competencies required) as well as higher interest in the
task context is correlated to increased note-taking and increased note quality (because higher interest increases the likelihood of
a correct solution). Concerning gender-specific effects on the use of note-taking as a learning strategy, the current conclusions are
ambiguous. Thus, no justified hypotheses are assumed.

In the case of the fourth question, we assume that, in addition to empirically established influencing factors (e.g., gender, prior
knowledge, and linguistic competence) even note-taking as a mere repetition strategy influences solution success positively. In
addition, notes used as an elaboration strategy to present data in a goal-oriented structure exert an even stronger positive effect
on the solution of mathematical tasks.

METHODS

To answer the aforementioned research questions, we used a quantitative design to analyze student solutions corresponding
to two different reality-based mathematical tasks. Both reality-based problem situations were included in a broader achievement
test. The entire paper-and-pencil achievement test was administered as a 90-min individual written test in a classroom and
included various subject tasks (mathematics, physics, physical education, music, and German), related questions of interest, a
questionnaire on the background characteristics of students, and a language test. A sample of 1,343 students in grades 7 and 8
from 17 schools participated in the test of which 34% reported a migration background (that is, neither parent was born in
Germany). Each participant was assigned one of the two tasks.

Of the 1,343 students, only 866 started to work on the task using strategies such as marking content in the task text, which
resulted in the following distribution: 407 students (?: 51.8%, &': 48.2%, age: mean [M]=14.00 (standard deviation [SD]=0.78), grade!
math: M=3.35 (SD=2.06)) attempted to solve the reality-based task, Oven, and 459 students (?: 46.3%, & 53.7%, age: M=13.98
(SD=0.79), grade math: M=3.20 (SD=2.02)) attempted to solve the reality-based task, Petrol Station. The 477 students who did not
complete the tasks because of time constraints or other reasons were removed from the evaluation. In each case, one of the two
reality-based tasks was contained in the test booklets randomly distributed to the students; each test booklet comprised three
parts (see Figure 1).

Part 1 contained a C-test as a language test; part 2 comprised 13 subject tasks and related questions of interest, and part 3
contained the questionnaire with questions on gender, age, country of birth, school grades in mathematics, German, sport, music,
and socio-economic status (SES), among others.

To provide a clear timeline of the study, refer to the flowchart in Figure 2; the students received a detailed introduction and
instructions from trained test administrators to maintain consistency in possible influences. Subsequently, the students worked
on the parts that were divided into time sections, as described earlier.

In the following section, the test portions relevant to the present study as well as the corresponding codings are described.

1n German school system, grades run from 1 to 6, with 1 being the best grade awarded and 6 being the worst and 4 is the passing grade.
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Test booklet 1-6
Part 1: Language test 2x5 min
Part 2: Subject test
* 17 school classes |Oven 11 Oven ____| Oven | [Fetrolstation | | Petrolstation | | Petrol station |
* school year 7 & 8 0/
* individual paper-
pencel testing in class
Version 1 Version 2 Version 3 Version 4 Version 5 Version 6
Part 3: Questionnaire 20 min
| !
407 pupils 459 pupils
Figure 1. Test design (Source: Authors’ own elaboration)
Instruction Language test / Main test \ Questionnaire

(before test) (10min) (60min) (20 min)

Fvali

000
[=T=T=]

s

on the regulated i — —
process and use of m K One of two reality-based + 12 non-mathematical tasks / gonder age, .

\ data / mathematical tasks

Figure 2. Timeline of the study (Source: Authors’ own elaboration)

Part 1-Language Test

A modified C-test? was used to assess the written language skills of students (Baghaei & Grotjahn, 2014). For this purpose, the
pupils were presented with two short texts in German with word counts of 92 words each. The topics of the two texts were “The
capital, Lisbon” and “After-work activities.” In both texts, the second halves of every second word in each sentence except for the
first and the last one were systematically deleted.

The following is an excerpt from “The Capital, Lisbon” (first 15 gaps):

... Ein GroR teil ; ihres Cha_rmes , riihrt v.on s ihrer maler_ischen 4 Lage h_er s. So li egt s die siideurop_dische 7 Metropole z
um g einen a_n s einer Bu_cht 1o des Flu_sses 11 Tejo, andere_rseits 1, ist d_as 13 Stadtbild du_rch 14 sanfte Hii_gel 15 gepragt ...
(German original-gaps underlined).

... Much of its charm stems from its picturesque location. On the one hand, the southern European metropolis lies on a bay
of the River Tagus, on the other hand, the cityscape is characterized by gentle hills ... (English translation without gaps).

Pupils were required to fill in these 2x30 gaps within 2x5 min; the correct completion of the word element in terms of the
content, and not its orthographic correctness, was assessed. Because the individual gaps can be scaled as largely independent
test items (Harsch & Hartig, 2010), only two such texts from a tried-and-tested C-test from the Hamburg Institute for educational
monitoring and quality development (IfbQ) were used for test-economic. An AEAP/PV test reliability of 0.90 was noted, which
reveals the high internal consistency of the measurement scale.

2 A C-test is a specific version of a close test format, well-established as a reliable and valid measure of general language proficiency (Grotjahn &
Drackert, 2020; Grotjahn et al., 2002). The score of a C-test is based on the proficiency with which students correctly identify the searched word
individually for each gap. Based on the case, the orthographic and grammatical correctness of the response is evaluated.
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Oven

Mr. and Mrs. Leist have an oven. This oven is already 25 years old and
consumes a lot of electricity, which causes high costs. Mr. and Mrs. Leist
are therefore considering whether it would be worthwhile to buy a new
oven. As a result, they would consume less electricity, but would have to
spend a lot of money on the new purchase. But if the electricity
consumption were very low, the purchase price would pay off. In the shop,
they find a new oven for 500 euros. It has a volume that is 15 litres larger

C and would consume 100 units less electricity per year than the old oven.
The cost of each unit of electricity is 0.25 euros.

Mr. and Mrs. Leist buy the new oven. After what time do they make a
financial profit?

Write down in detail your way to the solution.

q\uu: Soo€ price oven

(A) O0.15€ px vt X (/w
@ 40O uwits less pac yesc T -

seacched i fuancial sovings pes Fime

Gumo b sation tiwe

C.25€, - AOO«/Y = 7§1/Y 5 = numbers with unit

Sooc @ 26% =20y (®

Aftec 20 years the purchase of
UL MU ovew woull hWave beew

vortLidwile.

Figure 3. Example for note-taking & corresponding solution: Task 1-Oven (Source: Authors’ own elaboration)

Petrol station

Mr. Stein lives in the city of Trier, a large city with 105 000 inhabitants

located close to the Luxembourg border. He travels a long distance with

his car every year. Because he will soon have to fill up his car with petrol

again, he is considering whether to do so in Germany or in Luxembourg.

While Mr. Stein would pay 1.50 euros for a litre of petrol in Trier, he would
(1) only pay 1.20 euros per litre in Luxembourg. However, since Luxembourg
is 30 km away, he has to plan for 6 euros in additional travel costs. From
how many litres of petrol is it cheaper to fill up in Luxembourg?

Write down in detail your way to the solution.

PRuew e GE€ sddFiowel costs

) 1.20€ pac Udre in Luktianboudg | N

@ \. So€ ges Nk, e OSSR

secrched 1 Qa0+ 0€ petco Yot wakes

fhe g to Lyxr-ooue§ worruwiade

\.s0€,, - L.20€/ = 0.30 ¢, [

6€ :0.20¢/ - 201 ®

16 M St Qs vP 20 Fdre e wmore 1k S

o e o G vp Luxewmbours

Figure 4. Example for note-taking & corresponding solution: Task 2-Petrol Station (Source: Authors’ own elaboration)

Part 2-Subject Test

The students were assigned 60 min to complete the second part of the test. Based on a rotating framework of six different
versions of part 2, 13 subject tasks and related questions of interest had to be completed within this time. However, only the two
tasks are of interest to the current study. Three versions of the question booklet contained the reality-based task, Oven, and three
versions contained the reality-based task, Petrol Station. The two tasks are depicted with corresponding sample solutions in
Figure 3 and Figure 4; ideally, all potentially performance-enhancing features of notes are integrated.
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one unit of
electricity costs
0,25 €

s less electricity p
o u " ye,
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consumes more electricity

25 year old oven
new oven

price: 500 €
15 litres bigger

How many years do | have to use the oven to make the purchase worthwhile?

Figure 5. Possible situation model: Task 1-Oven (Source: Authors’ own elaboration)

Trier
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2 » v

PORPET L o W S i
30 km outward and

L

petrol station
How much do | have to fill up to make the long drive

to cheap petrol in Luxembourg worthwhile?

Figure 6. Possible situation model: Task 2-Petrol Station (Source: Authors’ own elaboration)

These two reality-based tasks are similar to the word problems introduced by Verschaffel et al. (2020); they are primarily
mathematical problems based on a real-world context of financial decision-making that have been posed in linguistic form as
mentioned in the theory section. Moreover, they contain both essential as well as irrelevant numerical data. To solve the problem,
students have to put themselves in the presented situation, extract information from the text, and use it to find a solution.
Mechanical manipulation of the numbers extracted from the text will not lead students to the solution; understanding of the
connotations of each figure is essential.

The primary aim during the construction of these two tasks was the construction of parallel requirements with respect to the
central mathematical idea (functional relationship), the required mathematical competences (modelling & technical work), the
number of relevant (#3) and irrelevant (#2) figures, the complexity of the required quantities and units (monetary amounts as
decimal numbers and euros per unit or euros per liter), the empirical degree of difficulty (40%-50%), as well as the basic content-
related problem (financial decision-making task). The tasks were intended to be sufficiently complex to motivate a majority of the
students to use notes as support strategies. Although this parallelization succeeded in terms of both the subject didactic
categories and the level of difficulty (38.33% for Oven and 38.56% for Petrol Station), we expected significant differences in terms
of the two central aspects.

Furthermore, the contexts of the two tasks are different. For example, pupils are likely to have limited experience of how the
purchase of an oven can be profitable based on savings in electricity costs. The context of the other task, that of a car that can be
refueled at different petrol stations at different rates, is more commonplace, at least passively. From this perspective, the task
Oven could be more challenging than task Petrol Station (Figure 5 and Figure 6) in terms of the construction of a situation model.
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Table 1. Significant codes & their derivation

Codename & general description Examples for ascore 1
Structuring elements: Even in German primary school, the curriculum includes a structured approach to

mathematical word problems. However, such approaches are not retained by the pupils in lower secondary Example for Petrol Station task in
school. Accordingly, the student solutions were dichotomously coded in terms of the extent to which such Figure 3 (2)
structuring elements, e.g., given/searched or question-calculation-answer, were part of the notes.

For Oven: 500 €, 100 units, & 0.25 €
For Petrol Station: 105 K
inhabitants & 30 km

Mathematical units: A partial-credit coding was used to record the extent to which units were noted for all
(score 1), some (score 0.5), or none (score 0) of the quantities.*

Marking relevant data: To record the marking-reading strategy (including highlighting and underlining),

R . . . R R E le for Petrol Station: Fi
partial-credit coding was implemented to determine the extent to which none (score 0), one (score 0.33), xamplefor metro’ Station: Figure

two (score 0.66), or three (score 1) of the required quantities were marked.* 3

Marking irrelevant data: To investigate the extent to which focusing on irrelevant data negatively For Oven: 25 years & 15 L
influences the solution process, partial-credit coding was used to determine the extent to which none For Petrol Station: 105 K
(score 0), one (score 0.5), or both (score 1) of the irrelevant numerical data were marked.* inhabitants & 30 km
Noting relevant data: As in the case of the marking strategy, the data copied by the students based on the

task text were analyzed. In terms of content, the extent to which the students wrote down all the numerical

data required to answer the mathematical problem was evaluated. Exception 1: If an irrelevant number was

noted, code 1 was assigned (score 2). Exception 2: If the profit was calculated in units (the 100 units less For Oven: 500 €, 100 units, & 0.25 €
electricity per year are not needed for this), a score of 3 was assigned. If one relevant number was noted,a  Example for Petrol Station: Figure
score of 4 was assigned. If two relevant numbers were noted, a score of 5 was assigned. If one or more 3(3)

irrelevant numbers were noted in addition to one or more relevant numbers, a score of 6 was assigned. If

only one or more irrelevant numbers were noted, a score of 7 was assigned. If the task was not processed, a

score of 9 was assigned. Only the notes were considered; the calculation pathways were ignored.*

Noting irrelevant data: This strategy was also used to analyze the extent to which the students did not For Oven: 25 years & 15 L
note down any (score 0), one (score 0.5), or both (score 1) of the numerical data for the tasks that were not For Petrol Station: 105 K
relevant for the successful completion of the question.” inhabitants & 30 km

Relationships: This code recognizes relationships within the notation before mathematization during
students’ notes. Score 0 corresponds to case in which the relationship was not recorded; score 1
corresponds to the case in which the relationship was captured completely correctly; score 2 corresponds

For Oven: 1 unit costs 0,25 €
For Petrol Station: 1 L “arrow” 1,20

to case in which the relationship was captured but included mathematical/content errors.** €

Order of notation: The score 0 corresponds to the case in which the order given in the task text was

retained in the notes. This case did not contain any intentional restructuring of information. The score 1 Example for Petrol Station: Figure
corresponds to the case in which the order given in the task text is not preserved in the notes; instead, the 3(4)

information is presented in an order suitable for the computational steps.

Position: The score 0 corresponds to the case in which no textual notes are included before
mathematization, the score 1 corresponds to the case in which textual notes are observed before
mathematization (Figure 3 [5]).**

Note. *For codes mathematical units, marking (ir)relevant data, & noting relevant data, we decided to introduce a partially correct code. Underlying
idea was to capture tendencies & not have dichotomous coding for these categories. This approach enabled us to capture tendencies in results &
draw conclusions for subsequent research & **Score 8 corresponds to the case involving no mathematization, score 9 corresponds to the case in
which no notation was observed prior to mathematical text or the case in which the task was not attempted.

Example for Petrol Station: Figure
3(1-4)

However, Oven task requires the design and solution of a single linear equation (see Eq. 1), whereas the Petrol Station task
requires the design and comparison of two linear equations (see Eq. 1 and Eq. 2). Thus, the formation of a correct mathematical
model and its mathematical processing is more demanding in the case of the second task.

0.25€/u * 100u/y * xy = 500 €

1
€-Euro / u-unit / y-year M

1.50€/1 * x/> 1.20€/| *x/+6 €
€-Euro / I-liters

(2)
Both tasks were assessed to have been correctly solved if the students wrote down 20 years and 20, as the solutions,
respectively, and either included an explanatory sentence or explained the calculation method.

After completing the respective tasks, the question “How interesting did you find the task?” was posed with responses
recorded on a five-point Likert scale (1: not at all interesting, 2: rather uninteresting, 3: neutral, 4: rather interesting, and 5:
interesting) to assess the interest in the task.

To answer the aforementioned research questions, the students’ solutions were not only evaluated in terms of correctness.
Based on the theoretical explanations of the possible influences of different note elements during the solution of reality-based
tasks, all student solutions were coded in terms of the occurrence of notes and their specific elements. In Table 1, we describe the
codes and their derivation.

In addition, two meta-codes were used. As mentioned in the theory section, elaboration as a type of strategy significantly
impacts learning and comprehension. This code was used to evaluate students who did not simply write the (relevant) numerical
data of the task text (that is, their notes served as a mere relief for working memory [score 0]) but included a specific elaboration
of the information with the notation (score 1). The relevant subcodes of elaboration were relationships within the notation (before
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and within mathematization), the order of the notes, and the position of use of the notes. If one of these codes was coded as true
(score 1), the meta-code elaboration was also coded as 1.

The second meta-code summarizes dichotomously the occurrence of any note-taking. The two categories “notes are present”
and “notes are not present” correspond to the presence and absence of the variants or possibly learning-promoting aspects of
notes described in the theory section. Accordingly, excerpts of relevant (numerical) information, marking, literal quotations,
summarizing paraphrases, or structuring representations were coded positively. The calculation methods or mere notation of the
(correct) result were not evaluated as notes. For a deeper understanding of how notes were coded in this study, the meta-analysis
discussed by Graham et al. (2020) is briefly presented. They did not consider the act of writing down figures to solve a mathematical
problem, which is a classical arithmetic method, as a written learning activity. However, examples of written learning activities
included writing down an explanation or additions to the task. We also decided to code only notes adjacent to the calculation.
Thus, if only the calculation to obtain the correct solution was included, it was not considered as notes (score 0). Distinctions were
made between various forms of notes, such as notations, sketches, excerpts, tables. However, because the analyses did not reveal
any relevant differences, they were merged into a common code, capturing presence or absence of any note, irrespective of form.

For each aforementioned code, 10% of the student responses were independently assessed by two coders to ensure reliability.
The Cohen’s Kappa average inter-rater reliabilities of 0.87 for Oven task and 0.91 for the Petrol Station task indicate that the aspects
of student responses were reliably assessed. In addition, the absence of systematic deviations at the level of the individual codes
corroborate this conclusion.

Part 3-Questionnaire (Student Characteristics)

After the subject test, the students were assigned 20 min to complete a questionnaire containing various questions on different
variables. The following four data points are relevant to the current study, in addition to the age of the respondents:

Gender

Until recently, the use of binary options was common in lower grades-male or female. Approximately 2% of the respondents
did not respond to this question, which is slightly less than the proportion of people with non-binary gender identity in Germany.

School grade mathematics

To record the prior mathematical knowledge, the mathematics grade obtained on the last school report was requested; the
grade scale comprises six options, from 1 (very good) to 6 (insufficient).

School grade German

While the C-test specifically assesses written linguistic competence, German grade on the last school report was also requested
to assess general linguistic/literary competence. The grading scale comprises six options, from 1 (very good) to 6 (insufficient).

Socio-economic Status

To assess the SES, which has been shown in several studies to be a relevant factor influencing academic performance, the
tried-and-tested question about the number of books at home (“How many books do you have at home?”) was used. In addition,
the students were given the hint “You can fit about 40 books on a bookshelf of one meter in length. Please do not count magazines,
newspapers, or your schoolbooks”. The answer categories were 0-10 books, 11-25 books, 26-100 books, 101-200 books, 201-500
books, and more than 500 books.

The data were analyzed using the statistical software SPSS version 28.0.0.0 (190). For research question 1, we calculated
descriptive statistics (frequencies) regarding the characteristics of notes in both tasks as well as related effect sizes of the
differences. To answer research question 2, we observed task-specific correlations between various note-taking characteristics
and the solution success rate. For research questions 3 and 4, regression models were calculated by considering personal and
note-taking characteristics as independent variables and the note-taking score and test score (referring to the correct task
solution) as dependent variables. For all analyses, a significance level of a=0.05 was used.

RESULTS

The results corresponding to each task are presented separately, because, contrary to our expectations, they exhibited limited
generalizability. Despite this limitation, two particular similarities were observed between the two tasks.

The two tasks corresponded to identical levels of difficulty (38.33% for Oven and 38.56% for Petrol Station). Furthermore, the
results revealed that both tasks (interest for Oven M=2.46 [SD=1.17] and interest for Petrol Station M=2.57 [SD=1.15]) were rated by
the students as neither particularly interesting nor particularly uninteresting.

Characteristics of Note-Taking

The aim of the first research question was to identify quantitative and qualitative characteristics of note-taking in students
while solving the two reality-based mathematical tasks and analyze any differences. Table 2 presents the observed note-taking
characteristics of different students corresponding to the two tasks.
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Table 2. Percentages of different note-taking characteristics

Characteristics of note-taking Task 1: Oven Task 2: Petrol Station  t-test ANOVA significance Effect size
% % p d*
Notes (structuring elements) 2.21 1.74 ns 0.034
Notes (some mathen}atlcal.unlts) 36.1 39.70 <05 -0.352
Notes (all mathematical units) 6.40 16.60
Notes (marking some relevant data) 4.20 3.90 <05 0.160
Notes (marking all relevant data) 15.70 10.20 ) )
Notes (marking some irrelevant data) 9.80 7.20 <05 0.198
Notes (marking all irrelevant data) 5.70 2.40 ’ ’
Notes (noting some relevant data) 17.70 10.70
Notes (noting all relevant data) 6.40 13.30 ns -0.091
Notes (noting some irrelevant data) 3.90 6.10
Notes (noting all irrelevant data) 1.00 0.20 ns -0.024
Note-taking (anything) 65.60 71.68 <0.05 -0.131
Elaboration of data 48.89 59.48 <0.05 -0.212

Note. *Cohen’s effect size d is a measure of the standardized mean difference between two groups: small effect corresponds to d=0.20, medium
effect corresponds to d=0.50, & strong effect corresponds to d=0.80 (Cohen, 1969)

Overall, a high percentage of the students (task 1: 66%, task 2: 72%) took notes of some type. Most of them (task 1: 49%, task
2:60%) took notes that served as an elaboration of relevant data. Results corresponding to both tasks revealed that many students
used the strategy of note-taking while solving reality-based tasks. At least a third of the students wrote down mathematical units.
Moreover, the strategy of marking data was employed quite often. Several students not only marked the relevant data but also
the irrelevant data presented within the tasks (task 1: 16% (all relevant) vs. 6% (all irrelevant); task 2: 10% (all relevant) vs. 2% (all
irrelevant)). Several students also explicitly noted down data during the process of solution. In contrast to the marking strategy,
explicit noting of data was mostly done for relevant data than for irrelevant data (task 1: 18% (some relevant) vs. 4% (some
irrelevant); task 2: 11% (some relevant) vs. 6% (some irrelevant)). Approximately two percent of the students structured the
problem-solving process by writing down the structuring elements (both tasks).

A comparison between the different characteristics of note-taking corresponding to the two tasks revealed that note-taking
strategies (d=-0.13) and elaboration of data (d=-0.21) were used more frequently in task 2 than in task 1. In contrast, students
underlined relevant (d=0.16) or irrelevant data (d=0.20) more often in task 1 than in task 2. The largest effect size was recorded for
taking notes on units (d=0.352). Thus, in summary, although the two tasks were mathematically very similar, the corresponding
characteristics of note-taking differed significantly.

Different Types of Notes and Students’ Mathematical Performance

The second research question refers to the relationship between the frequency of taking different types of notes and correctly
solving the mathematical problem. Table 3 presents the correlation between different types of note-taking and the test scores for
tasks 1 and 2. The results revealed that, for both reality-based tasks, the pattern and order of statistically significant correlation
coefficients were identical. The most relevant correlations were observed corresponding to the “elaboration of data” (task 1: r=.40;
task 2: r=.20), “note-taking” (anything) (task 1: r=.21; task 2: r=.13), and “noting mathematical units” (task 1: r=.35; task 2: r=.20). In
the case of both tasks, the “marking of irrelevant data” (task 1: r=-.14; task 2: r=-.11) and “note-taking of irrelevant data” (task 1:
r=-.10; task 2: r=-.17) were negatively correlated with the test scores.

Table 3. Correlations between different types of note-taking & test scores

Different types of note-taking Task 1, Oven Task 2: Pe;.;rol Station
Notes (structuring elements) -.015 -.003

Notes (mathematical units) .351* .198*

Notes (marking relevant data) -.053 -.083

Notes (marking irrelevant data) -.143* -.105*

Notes (noting relevant data) -.031 .049

Notes (noting irrelevant data) -.096* -.167*
Note-taking (anything) .209* .130*
Elaboration of data 402* .198*

Note. Statistically significant coefficients are characterized with an asterisk (* for p<.05)
Student Characteristics and Note-Taking

The third research question considers the extent to which student characteristics determine the practice of note-taking and
the extent of elaboration of data during the solution of reality-based tasks. This correlation is presented in Table 4.
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Table 4. Dependence of note-taking (anything) on student characteristics

Task 1: Oven Task 2: Petrol Station

Student characteristics Correlation Regression Correlation Regression

r Beta r Beta
Gender (0=female, 1=male) -.13* -12 -.09 .06
School grade mathematics .02 .02 .04 12*
School grade German 48" .12 -.09 .02
Linguistic competence (C-test) .25 .25* 27 .26
Student’s interest (task) .13* .16* .08 .07
Socio-economic status (SES) 12* -.01 11 .03
Explained variance, R? [in %] 7.6 5.6

Note. Statistically significant coefficients are characterized with an asterisk (* for p<.05)

Some differences in the types of note-taking were observed between male and female students. For example, female students
took significantly more notes than male students in task 1. Further, the school grade in mathematics was observed to be predictive
only for the performance corresponding to task 2. Conversely, the German school grades were correlated with note-taking for task
1 but not for task 2. However, after controlling the other predictors, the German school grades were not predictive for note-taking
corresponding to either task. Therefore, we concluded that the student characteristics, gender and school grades, were not
relevant for any kind of note-taking. In contrast, both linguistic competence and interest regarding task context were observed to
be predictive for note-taking. Thus, students with higher linguistic competence and higher interest in the task context were
observed to take more notes corresponding to at least one of the tasks compared to students with lower linguistic competence
and lower interest in the task context. Finally, the correlations between note-taking and SES are also evident from the table; higher
SES is observed to be correlated to a higher probability of note-taking.

Concerning the elaboration of data, specific effects were observed corresponding to linguistic competence and students’
interest in task contexts. However, with respect to gender and school grades in mathematics and German, the results were
inconsistent. Gender was observed to be correlated to elaboration of data corresponding to task 2 but not task 1 (Table 5). Small
but statistically significant, differences corresponding to gender were observed repeatedly, which will be further elucidated in the
Discussion section. Significant correlations were observed corresponding to the German school grade for task 2 but not for task 1.

Table 5. Dependence of elaboration of data on student characteristics

Task 1: Oven Task 2: Petrol Station

Student characteristics Correlation Regression Correlation Regression

r Beta r Beta
Gender (0=female, 1=male) .01 -.02 -.10* .03
School grade mathematics .02 .04 -.05 .05
School grade German .04 .10 -.14* .01
Linguistic competence (C-test) .22 .24* .26 .24
Student’s interest (task) .26* .28* .15* .15*
Socio-economic status (SES) .15* .00 .16* .06
Explained variance, R? [in %)] 12.0 7.8

Note. Statistically significant coefficients are characterized with an asterisk (* for p<.05)

Concerning the third research question, stable effects were observed only corresponding to linguistic competence and
interest in the task context.

Elaboration of Data as a Predictor for Solving Reality-Based Tasks

Finally, the fourth research question considers the extent to which note-taking and the elaboration of data determine the
solution success rate in the two reality-based tasks (corresponding to controlled values of student characteristics). The results of
a bivariate correlation and two ordinary least squares (OLS) regression analyses for each task are presented in Table 6.

Table 6. Predicted success rates for solving two reality-based tasks on student characteristics & note-taking prevalence

Task 1: Oven Task 2: Petrol Station

Student characteristics Correlation RM 1 RM 2 Correlation RM 1 RM 2

r Beta Beta r Beta Beta
Gender (0=female, 1=male) .240* 279 27" -.001 .08 .08
School grade mathematics -.156" -.059 -.07 -.205* -.10 -.10
School grade German -.074 .016 -.01 -.161* .05 .05
Linguistic competence (C-test) .335*% .294* 23* .347* .33* .32*
Students interest (task) 279 .254* AT 317 27" .25*
Socio-economic status (SES) .240* .048 .05 212* .05 .05
Note-taking (anything) .209* -.11 .130* -.07
Elaboration of data .402* .36* .198* 11
Explained variance, RZ[in %) 26.8 34.2 20.9 20.9

Note. Statistically significant coefficients are characterized with an asterisk (* for p<.05) & RM: Regression model

In the case of task 1, note-taking and elaboration of data were observed to be strong predictors for correctly solving the task.
Both variables exhibited significant correlation with the task score. A comparison of the explained variance (R?) between
regression models 1 and 2 corresponding to task 1 revealed that including the predictors note-taking and elaboration of data into
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the analysis increased the amount of explained variance significantly (R=26.8% vs. R?=34.2%). Moreover, both regression
coefficients provided specific and statistically significant predictions of correctly solving task 1 corresponding to controlled
student characteristics. In the case of task 2, both note-taking and elaboration of data were observed to be positively correlated
with the solution’s success. However, the correlations were significantly lower than those corresponding to task 1. Furthermore,
in this case, accounting for note-taking and elaboration of data did not increase the proportion of explainable variance between
the regression models 1 and 2 (R=20.9% vs. R=20.9%). Thus, in this case, the effects of note-taking and elaboration of data were
statistically insignificant corresponding to controlled linguistic competencies and interest in task context. Interestingly, gender
was a significant predictor only corresponding to model 1 and task 1. In summary, students who took more notes and elaborated
more data were observed to be more successful in solving task 1. Both parts of strategy of note-taking (general and elaboration of
data) were important for solving the reality-based mathematical task.

DISCUSSION

Scientific Significance of the Study

These analyses reveal, among other things, that higher language skills (r=.26), higher interest in the task (r=.13), and higher
SES (r=.12) are significantly associated with greater note-taking frequency. In addition, taking notes in general (r=.17), taking notes
on units (r=.27) and elaboration of data (r=.30) are significantly correlated to the solution success rate of the modeling problems,
in contrast to merely writing down the (relevant) numerical data. Successful task completion can be explained by 34,2 % of the
variance (for task 1), particularly by elaborating the information from the task text. Students who processed the data further,
rearrange them in their own order, or include relationships are significantly more successful than those who merely write down
the data given in the task or do not take notes. Despite the parallelly constructed tasks with different contexts, the predictors were
found to differ significantly (e.g., elaboration of data). Although more notes were taken in task 2 than in task 1, the meta-code
elaboration of data became significant only in task 1.

Based on the literature, the comprehension phase is known to be important to the solution of reality-based mathematical
problems. Errors in this phase (e.g., in deciding computational pathways and interpretations) affect subsequent decisions
significantly. Learners often experience difficulty in constructing an adequate situation model following the comprehension
phase. This observation indicates that working on reality-based tasks requires special linguistic and intra-mathematical
competencies because linguistically and situationally complex problems are difficult to understand and solve. We assume that
notes could be a way to overcome these difficulties. In this study, the role of notes in effective situational comprehension is
considered. Leiss et al. (2019) proved that the mere presence of notes exerts a direct influence on the creation of an adequate
situation model. Similarly, based on the categorization of notes presented in the theory section, we can see that different forms
of notes have different effects on comprehension and model creation. This self-constructed model for ranking notes on a scale of
elaboration also reflects the hierarchy of notes in practice, as shown for one task (Table 3 and Table 6). Elaboration of data was
identified to be a salient predictor of note-taking. This code was obtained based on the representation of relationships between
certain quantities, the introduction of a custom order within the notes, and the location of note usage. Accounting for this quantity
increased the explained variance from 27% to 34% corresponding to one of the tasks. At this point, the difference between the two
tasks is again interesting. While in task 1, data elaboration is highly correlated (r=.4) and contributes a significant portion to the
explained variance (B=.36), this relationship changes in task 2 (for Petrol Station), where the elaboration is still correlated (r=.20)
but drops out in the regression.

In addition, linguistic competence was identified to be another significant predictor, as mentioned in the theory section.
Interest in the task was already known to be a significant predictor (Gijsbers et al., 2020), which is corroborated by this study
(B=.21). Other important correlations are found in the cases of school grades, SES, overall note-taking, and gender (Table 3 and
Table 6).

However, most of these influencing factors have not been researched extensively. Nevertheless, such studies as relevant
considering that the literature and the state of research indicate that notes may be an option to overcome existing difficulties. The
effects of qualitative and quantitative characteristics and their predictors comprise relevant questions in this context. This study
investigates the extent to which personal and task-related characteristics determine specific note-taking characteristics. It also
analyzes the connection between these elements and successful task processing. It shows that note-taking exhibits several
characteristics rather than just being a form of externalized memory. In addition, it suggests that mathematical education in
schools should use note-taking as a subject-specific learning strategy and, therefore, integrate this topic as an explicit learning
element into the curriculum. In particular, the elaboration and further processing of numerical data presented in the text is
observed to be a special predictor.

Implications for Practical Application

The results indicate that schools should use note-taking specifically as a learning and elaboration strategy. Students should
be trained to leverage the benefits highlighted in this study-particularly that of the elaboration of relevant information given in
the text. In addition, instructing students to consider which numerical data are relevant to solving the task because a correlation
is observed between successful solution and marking and writing down irrelevant numerical data. In the long term, the
implementation of the strategies could support the creation of more mathematically mature citizens.

According to Graham et al. (2020), when using writing-based learning methods in the classroom, such as note-taking, teachers
should consider the purpose of the approach. We recommend that teachers always focus on promoting content comprehension
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rather than mere writing skills. Similarly, the predictors reported in Graham et al. (2020) also hold true for the present study. For
example, extremely different results were obtained for the predictor gender in different cases. It was observed to be correlated to
note-taking corresponding to task 1 (r=-.13%; girls tend to make more notes); however, this correlation disappears when linguistic
competence and interest in task context are also considered. In the case of the second task, no similar correlation was observed.
The elaboration of text was observed to be negatively correlated to note-taking in the case of task 2 (r=-.10*; girls are more inclined
to elaborate on their notes) but was not significant during regression. Gender was strongly correlated to solution success (r=.24)
for task 1 and observed to be a strong predictor in both models. Looking only at the correlations, it is relevant to note that while
girls take more elaborate notes for tasks 1 and 2 (see Table 4 and Table 5), boys’ mathematical performance is better in task 1
(see Table 6). Regarding mathematical performance in task 2, no clear influence of gender was observed. These findings suggest
that further research is needed regarding gender and its influence on solving reality-based tasks.

Another important finding is that noting units is associated with better mathematical performance (r=.27) but only a quarter
of the students actually write down the units (Table 2). In this regard, teachers should educate students on the importance of
noting units as it relates to better performance in mathematics. However, as the directionality of this correlation remains
uncertain, future studies can explore this relationship further. Likewise, students should be taught to mark more selectively, as
marking irrelevant information correlates negatively with mathematical performance (r=-.124). Teachers can emphasize the
importance of paying attention to the information needed to solve the problem and ignoring irrelevant data. Similarly, writing out
irrelevant data is associated with lower mathematical performance (r=-.132).

Thus, various predictors exhibited varying effects and a certain number of predictors remain unidentified. In addition, in the
performance scenario considered in the study, a normal classroom situation was only partially replicated. The different effects of
notes are particularly apparent in the difference corresponding to two parallelly constructed tasks.

As shown in Table 6, elaboration seems to be a (strong) predictor for only one of the two tasks, although the frequency
distribution (Table 2) suggests otherwise. The two tasks considered in this study were similar in terms of their central
mathematical idea (functional relationships), the mathematical competencies required (modelling and technical work), and the
basic problem content (a financial decision-making task). Furthermore, the amount of relevant and irrelevant numerical data and
the complexity of the required units (monetary amounts presented as decimal numbers and in terms of euros per unit or euros
per liter), as well as the degrees of difficulty and the interest in the tasks were similar. Differences were observed primarily in the
contexts of the tasks. For example, students are likely to have limited experience regarding the extent to which an oven can help
to reduce electricity costs. Conversely, the situation of refueling a car at various inexpensive petrol stations is more commonly
understood, at least passively. From this perspective, task 1 could be considered to be more demanding than task 2. Nevertheless,
more students were observed to take notes corresponding to task 2. They also noted down all units more frequently in this case.
Similarly, highly significant differences are observed in variance resolution between the two tasks, as evidenced by the results in
Table 6. This disparity suggests the presence of other relevant predictors that have not been considered. Hence, further research
is required to identify these hidden predictors. Regarding non-contextual differences, the problem is stated concretely in task 1,
whereas it is only stated implicitly in task 2. Moreover, task 1 contains an abstract unit (“unit”), whereas all actual units are
specified in task 2. The distractors in the text (15 /30 km) may also exert different influences.

CONCLUSIONS

The effectiveness of notes in the case of different tasks and their characteristic properties merit further investigation. In
particular, an intensive and extended training study would be appropriate for this purpose.

The predictors discussed in the previous section should be maintained as constants in subsequent studies. Similarly, follow-
up studies should be conducted to distinguish between deliberate prompts for note-taking, as present here, and voluntary or
intuitive note-taking. An implied expectation that notes will be taken would help us to study actual responses in comparison to
elicited ones.

The number of items should also be increased significantly. As this survey was conducted as part of an interdisciplinary study,
only two distinct tasks could be considered. Furthermore, the study indicates that task characteristics are a predictor for note-
taking. Thus, more tasks should be considered in subsequent studies.

In addition, the cases in which units are noted should be identified. The calculation pathways or errors therein could also be
analyzed in greater detail based on more precise coding and in the context of recorded notes. Overall, the extent to which the
calculation path is part of notes should be reflected in the study because tasks can also be solved using a calculator. The role of
noting down irrelevant data in the derivation of incorrect solutions is another interesting observation.

If numerous other predictors are found and the variance is further elucidated, a training study with a comparison group could
be performed to corroborate the conclusion that note-taking is conducive to learning, which has already been asserted multiple
times in the literature (Graham et al., 2020; Kiewra, 1989; Spires & Stones, 1989). In general, Chang and Ku (2015) also
demonstrated that using a note-taking strategy significantly improves students’ note-taking and reading comprehension
performance. Demonstrating this result for reality-based tasks can significantly help in minimizing the difficulties faced by
students while solving them.

Despite parallelly constructed tasks, no consistent effect of note-taking could be demonstrated in this study. A more in-depth
elaboration of the required information turned out to be particularly effective. The elaboration of the information needed to solve
the task must be clearly distinguished from the mere writing out of the required numerical data. The meta-code of elaboration is
shown to be a strong predictor of (8=.36) for the successful solution process for one of the two tasks. Despite eliciting a note-
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taking-related predictor of successful solving of reality-based tasks, no clear conclusions can be drawn about the quality of note-
taking. Therefore, teachers should be aware of the possible influence of notes when dealing with reality-based tasks in math
classes. They should deal with the topic both from a technical as well as a didactical perspective to adapt it for their lessons.
Author notes: This article was written in the context of extensive research work by the group of educational scientists subject and language
didacticians and educational researchers. Working Group on Subject and Language (AG FuS). Since 2011, this working group has been since
2011, has been researching various dimensions of subject-related tasks, with the linguistic dimension plays a prominent role. This explains
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