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Abstract Fostering student motivation is an important educational goal. However,
motivation in the classrooms is rather heterogeneous, particularly in mathematics and
physics. This study examines the potential of (textbook) tasks to promote student
motivation. Based on self-determination theory (SDT) and theory of interest, a low-
inference coding scheme was developed and validated by applying the framework
of item response theory (IRT) to assess the motivational potential of tasks. Cur-
rent ninth grade mathematics and physics tasks (V=254 task units) were analyzed
using the categories differentiated instruction, real-life context, autonomy support,
competence support, and support for relatedness. Additionally, differences between
mathematics and physics tasks were examined. Results indicate the coding scheme’s
high interrater reliabilities and empirical validity. Furthermore, we found only a low
occurrence of motivational features in mathematics and physics tasks, with few sub-
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ject-specific differences in favor of mathematics. The coding scheme can contribute
to optimizing motivation-supportive instructional designs.

Keywords Mathematics - Motivational support - Physics - Task analysis

Forderung von Lernmotivation: das motivationsunterstiitzende
Potential von Aufgaben

Zusammenfassung Die Forderung von Lernmotivation stellt ein wichtiges Bil-
dungsziel dar. Gleichzeitig ist Lernmotivation im Unterricht heterogen ausgeprigt,
besonders in den Fichern Mathematik und Physik. Dieser Beitrag untersucht das mo-
tivationsunterstiitzende Potential von (Schulbuch)-Aufgaben. Basierend auf theore-
tischen Arbeiten der Selbstbestimmungstheorie (SDT) und Interessenstheorie wurde
ein niedrig inferentes Kodierschema zur Erfassung des motivationalen Aufgaben-
potentials entwickelt und mithilfe der Item Response Theory (IRT) validiert. Dafiir
wurden aktuelle Mathematik- und Physikschulbuchaufgaben (N=254) der neunten
Klasse anhand der Kategorien innere Differenzierung, Lebensweltbezug, Autonomie-
unterstiitzung, Kompetenzunterstiitzung und soziale Einbindung analysiert. Die Er-
gebnisse zeigen hohe Interraterreliabilitdten und eine empirische Validitit des Ko-
dierschemas. Dariiber hinaus fanden wir eine geringe Auspriagung motivationaler
Merkmale in Mathematik- und Physikaufgaben mit wenigen fachspezifischen Un-
terschieden zugunsten der Mathematik. Das entwickelte Kodierschema kann einen
Beitrag zur Optimierung einer motivierenden Unterrichtsgestaltung leisten.

Schliisselworter Aufgabenanalyse - Motivationsférderung - Mathematik - Physik

1 Introduction

Student motivation is not only a crucial determinant for learning, but also a valuable
educational goal itself (Schiepe-Tiska 2019). It represents an important condition
for participating in society and for lifelong learning (OECD 2019). Within a class-
room, student motivation can be very heterogeneous. It can be promoted through
teacher characteristics (e.g., enthusiasm, Frenzel et al. 2009) and teacher behav-
ior, (e.g., emotional support, Ruzek et al. 2016) and by providing specific learning
opportunities such as motivation-enhancing tasks (Helmke 2009).

Particularly in STEM education, (textbook) tasks are at the center of learning
processes (Knoll 2003). In mathematics, students spend about 80% of class time
working on written tasks (Neubrand 2002) and about 82% of teachers use textbooks
as a basis for instruction (Wendt et al. 2017). Previous approaches to analyzing the
potential of tasks mainly focused on investigating cognitive features (e.g., Griinkorn
et al. 2020; Jordan et al. 2008; Kiihn 2010; Maier et al. 2010). Up to now, there
have been only isolated attempts to identify tasks’ motivational potential (Blomeke
et al. 2006; Kassirra 2015).

The present study fills this gap and aims to 1) develop and validate a coding
scheme for assessing the motivational potential of tasks, 2) examine tasks’ motiva-
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tional potential from current ninth grade German mathematics and physics textbooks,
and 3) analyze the relationship between tasks’ motivational potential and the level
of task complexity.

2 Theoretical framework
2.1 Tasks as learning opportunities and their analyses

Tasks are written prompts for self-directed elaboration or exercise in student work
phases (Kleinknecht 2019; Neubrand 2002). They reflect an important part of learn-
ing opportunities teachers provide. Tasks not only have the didactic function of
performance testing, but additionally initiate and promote learning processes as well
as review learning outcomes (Kleinknecht 2019). Above all, they help structure the
learning environment (Meyer 2009).

Selecting and embedding tasks in classroom lessons are a challenge for teachers,
as they need to assess the objective potential of a task (Neubrand 2002; Hammer
2015). A task’s potential can be defined as “the opportunity for insightful learning
inherent in the task that has not yet been realized” (Hammer 2015, p. 49). It can be
assessed with the help of rational task analyses (Bromme et al. 1990).

In research, task analyses have a long tradition, especially in mathematics (e.g.,
Jordan et al. 2008; Neubrand 2002; OECD 2020) and science (Fortsch et al. 2018;
Jatzwauk 2008; Kiihn 2010), and in pedagogy (Maier et al. 2010). Previous research
investigated the relation between objective task features and different learning out-
comes (e.g., Fortsch et al. 2018; Jordan et al. 2008; OECD 2020). However, these
studies focused primarily on the cognitive features of tasks. Nevertheless, mere cog-
nitive demand is not enough for students’ engagement with tasks. Also needed is
motivational support (Stefanou et al. 2004), which can likewise be promoted through
tasks (Jordan et al. 2008; Obersteiner et al. 2011).

2.2 The motivational potential of tasks

Motivation not only has an outstanding significance for learning and achievement
(Krapp 2003), but is also an important basis for the willingness to engage in life-
long learning (OECD 2019). Therefore, an important goal of education is student
motivation (Aktionsrat Bildung 2015).

The general model of motivation proposes that current motivation arises from
an interaction of person and situation factors (Heckhausen and Heckhausen 2018;
Rheinberg and Vollmeyer 2019). In terms of promoting motivation, on the person
side self-determination theory (SDT, Deci and Ryan 2000) is often used to explain
how intrinsic motivation can be supported (Furtak and Kunter 2012), namely by
fulfilling the basic needs for autonomy, competence, and relatedness. Experiences of
autonomy arise when a person has the feeling of control and determination over their
own behavior, goals, values, interests, and choices, even under certain constraints.
The need for competence includes being effective, developing and evolving ones’
own abilities, and experiencing progress in doing so. Relatedness refers to feeling
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socially connected and cared for by others and belonging with significant others
(e.g., Deci and Ryan 2000). The fulfillment of the three basic needs leads to self-
determined learning.

The theory of interest expands on this and additionally considers interaction with
situational factors by conceptualizing interest as a special relationship of a person
to a specific object (e.g., certain activity, topic or content; see Krapp 2002). This
interaction may lead to a current state of high situational interest (Krapp 2002).
Teachers can stimulate situational interest by providing learning opportunities per-
ceived as relevant for students’ life by demonstrating their usefulness and necessity
(Habig et al. 2018; Schraw 2001). In the context of learning, for current motivation
it is additionally important to perceive a balance between ones’ abilities and task
demands (e.g., Csikszentmihalyi 2010; Eccles and Wigfield 2002). Following these
approaches, we conclude that tasks as learning opportunities can represent a specific
situation or object and thus have the potential to address basic needs and differentiate
between levels of ability.

To date there has been little research on the motivational potential of tasks.
Blomeke et al. (2006) presented a coding scheme that included some motivational
features such as relevance of content, addressing individual needs, and social in-
teraction. However, they applied it only to one mathematics example case task to
illustrate how coding could work. In addition, Kassirra (2015) started to develop
a coding scheme for Work-Economy-Technology tasks that included very detailed
elaborations of motivational supportive features. However, his approach entailed
methodological difficulties such as low interrater reliabilities among others, and he
did not pursue it. Hence, an empirically validated low-inference coding scheme for
assessing the motivational potential of mathematics and physics tasks has not yet
been developed.

2.2.1 Developing a coding scheme

In line with SDT and theory of interest, Prenzel and Drechsel (1996) derived six em-
pirically confirmed instructional conditions to promote self-determined learning that
can be partially applied to the design of tasks: Teacher interest, content relevance,
support for relatedness, autonomy support, competence support, and instructional
quality with adapting difficulty to learners’ prerequisites as an important aspect. In
applying these conditions to the design of tasks, it is reasonable to focus on those
conditions that learning opportunities themselves can provide, regardless of interac-
tions with teachers in the classroom. Therefore, we propose five features to describe
the motivational potential of tasks that are explained in more detail in the following:
Differentiated instruction, real-life context, autonomy support, competence support,
and support for relatedness (see Appendix 1). Further indicators and examples for
these categories can be found in the full coding scheme, which is available on Open
Science Framework (OSF): https://osf.io/qxsjv/.

Differentiated instruction One of the most prominent ideas for dealing with mo-

tivational heterogeneity in classrooms is differentiated instruction (e.g., Dumont
2019). Bonsch and Moegling (2012) distinguish five dimensions that can be ap-
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plied to analyzing tasks and therefore have been incorporated in the coding scheme.
(1) Tasks can differentiate in terms of goal structure and address different goals
underlying an assignment. (2) Content structure refers to differentiating between
levels of learners’ prior knowledge. (3) Temporal structure means giving different
possibilities depending on students’ individual working speed. (4) In terms of action
structure, tasks can enable students to apply different working techniques. (5) Tasks
can support students to form social relationships in the classroom.

Real-life context Real-life context describes the relation between contents of the
tasks and the real-life experience of students (Neubrand 2002). In accordance with
Neubrand (2002) and Kleinknecht et al. (2011), three dimensions of real life context
can be distinguished: (1) Tasks with constructed real life context hardly correspond
to the experience of students, but combine the subject knowledge with a real-life
context, albeit in an artificial way. (2) Authentic tasks contain context that seems to
make sense in everyday life and is within the students’ actual or real experiences
and practices. (3) Within real life there are hardly any differences between the tasks
problem and students’ daily experience.

Autonomy support Tasks can nurture the need for autonomy by providing work
assignments that are not prescriptive in detail but give choices that in turn lead to
identifiable goals (Prenzel 1995). Furtak and Kunter (2012) distinguish three di-
mensions of autonomy support that can be applied to tasks’ motivational potential:
(1) Organizational autonomy support focuses on the surface structure and enables
the choice of group members, assessment procedures, or one’s own responsibility
for deadlines. (2) Procedural autonomy support allows students to choose materi-
als and equipment to process the task and provide the opportunity to demonstrate
competencies in a freely chosen form. (3) Within cognitive autonomy supportive
tasks, students may become initiators of their own learning, for example, by being
empowered to find multiple solutions strategies to problems.

Competence support Tasks can meet the need for competence by (1) providing
feedback through possibilities to check results or by asking for evaluation of others
(Deci and Ryan 2002). Additionally and in accordance with Kassirra (2015), tasks
have the potential to foster students’ confidence to successfully develop competen-
cies by (2) enabling students to actively demonstrate or present their competence
and (3) to delve deeper into the subject of the task.

Support for relatedness Even though the satisfaction of this need also depends
on classroom interaction, tasks can stimulate the feeling of relatedness by providing
cooperative forms of work and learning (Deci and Ryan 2002). Following the work
of Blomeke et al. (2006), they can initiate (1) working with partners or groups, or
(2) discussing and reflecting on the results in class.

Although, Prenzel and Drechsel (1996) distinguish between instructional con-
ditions as single constructs, in accordance with research on cognitive activation
(Baumert et al. 2010; Herbert and Schweig 2021) and adaptive teaching (Dumont
2019) the proposed features may also reflect an overall construct of motivational
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potential as an instructional strategy (i.e., a general factor). Hence, learning oppor-
tunities would support motivation not as individual features of tasks but as a whole
(see Lazarides and Schiepe-Tiska 2021 for similar theoretical considerations).

2.2.2 The relationship between task complexity and the motivational potential of
mathematics and physics tasks

Although we assume that motivational features within tasks are subject independent,
tasks may also be determined by their context (Rakoczy 2008). The assessment of
tasks’ motivational potential is especially relevant in STEM education as students
in Germany report below-average levels of enjoyment, interest, and motivation in
mathematics and science (Schiepe-Tiska et al. 2016; Schiepe-Tiska and Schmidtner
2013). Within science, particularly physics is perceived as uninteresting (Prenzel
et al. 2009b). Comparing the use of tasks in mathematics and physics instruction
reveals differences. In mathematics, textbook tasks play a central role and are used by
the majority of teachers, as the focus is primarily on practicing (Reiss and Hammer
2013). In physics, the focus is less on practicing but rather on experimenting and
the teaching of scientific methods (Fraefel 2001). Nevertheless, experiments are
usually embedded in tasks. Thus, they may play a less central but still important
role. Physics teachers often use textbooks as supplements in their lessons (Wendt
et al. 2017). These subject differences may result in differences in the motivational
potential of tasks. Due to the strong focus on exercises in mathematics instruction
(Rakoczy et al. 2019), one may assume feedback is present more in mathematics
tasks (see also Hiebert et al. 2003). Also, it may seem plausible that in physics
real-life context can be easier implemented in tasks due to its focus on experiments
(Whitelegg and Parry 1999). However, the impact of a subject’s context on tasks’
motivational potential has not been examined yet.

Mathematics and physics tasks can comprise different levels of complexity de-
scribing the cognitive processes essential for successfully processing (Bloom 1972).
The complexity of tasks may be related to their motivational potential. In line with
German educational standards, we distinguish three levels of complexity: reproduc-
tion, application, and transfer (see methods section; Jordan et al. 2008; KMK 2003;
Kiihn 2010). All complexity levels can include different levels of difficulty, so there
can be both easy transfer and difficult reproduction tasks (Jordan et al. 2008). There
has been a massive amount of research on task complexity (e.g., Neubrand 2002;
Robinson 2001; OECD 2020). However, its relationship with motivational potential
has rarely been analyzed. Prenzel (1995) showed that for complex tasks, motiva-
tional support is particularly important. Tasks requiring higher cognitive performance
achieve higher learning outcomes when they are embedded in self-determined forms
of learning. For reproduction tasks, however, the motivational embedding was not
related to higher learning outcomes.
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3 Present study

We developed a coding scheme for the motivational potential of tasks and examined
important aspects of its validity. In addition, we assessed the motivational potential
of current ninth grade mathematics and physics textbook tasks and explored the
relationship of tasks’ motivational potential with their level of complexity.

To examine the validity of the coding scheme, we draw on the argumentation-
based approach by Kane (2006). Arguments are formulated and evaluated for clarity,
plausibility, and reasonableness of the inferences. Within this study, we focus on two
related inference areas. Generalization includes assumption about the transferability
of the instruments’ results to comparable contexts. We assumed that the categories of
motivational potential can be assessed in an intersubjective comprehensible way via
the coding scheme (1.1). Moreover, we assumed that the sample used for validation
represents the spectrum of current mathematics and physics tasks in a proper way
(1.2). The second area, scoring, refers to assumptions about the scored data. We
assumed that raters’ understanding of the items is precise (1.3) and that the coding
scheme’s scoring rules are appropriate (1.4). Based on the theoretical framework
of Prenzel and Drechsel (1996), we assumed that each of the five latent constructs
differentiated instruction, real-life context, autonomy support, competence support,
and support for relatedness can be represented by a unidimensional model (1.5.1).
Moreover, based on theoretical considerations in the context of cognitive activation
(Baumert et al. 2010; Herbert and Schweig 2021) and adaptive teaching (Dumont
2019), we tested whether the latent construct motivational potential is better be
represented by a uni- or five-dimensional model (1.5.2).

To assess the motivational potential of current mathematics and physics textbook
tasks, we examined how often the proposed motivational features were represented
in tasks and investigated subject-specific differences. In line with current research
(Rakoczy et al. 2019; Whitelegg and Parry 1999), we expect more feedback in
mathematics tasks and more real-life context in physics tasks (2).

Last, we tested the relationship between tasks’ motivational potential and their
complexity level. Since higher level tasks lead to higher cognitive outcomes when
they are integrated into motivational learning forms (Prenzel 1995), we expect higher
motivational potential in more complex tasks (3).

4 Methods
4.1 Sampling procedure and sample description

Aiming at a proper representation throughout Germany, we sampled 200 tasks from
current ninth grade mathematics (r=100) and physics textbooks (n=100) by using
a top-down procedure (see Fig. 1). First, all 65 mathematics and 52 physics textbooks
currently offered by the three largest German publishers were listed (issued between
2001 and 2020; x=2014). Besides publisher, the listed textbooks were clustered
with regard to school type and federal state group. Although each German state has
its own educational system, from the perspective of textbook design, they can be
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Fig. 1 Sampling structure. Note. state-group A: Bayern, Baden-Wiirttemberg, Nordrhein-Westfalen;
state-group B: Hessen, Rheinland-Pfalz, Saarland; state-group C: Schleswig-Holstein, Hamburg, Nieder-
sachsen, Bremen; state group D: Sachsen, Sachsen-Anhalt, Mecklenburg-Vorpommern, Thiiringen, Bran-
denburg, Berlin

n=
100 physics-tasks |re——)
(grade 9)

divided into four target groups (see Fig. 1). Textbooks that were designed for all
states were consequently listed in each cluster. Next, the average number of pages of
the corresponding textbooks was determined for each federal state and school type
cluster. We used 10% of the average number per cluster to select the textbook pages
for the preliminary sample. For instance, if the average page number of a cluster is
250, every 25th page from each book listed was selected for the preliminary sample.
Finally, four pages were randomly drawn from these clusters using SPSS statistical
software (V. 27). To achieve as much variance as possible in task selection, an odd
or even number was selected in alternation from the sampled textbook pages. If the
selection criterion did not apply, the corresponding textbook was turned to the next
page until the desired task number was available.

Textbook tasks often contained multiple subtasks. We treated each subtask having
an independent or new work order as a single unit of analysis. In total, we sampled
254 units of analysis, 138 mathematics (Gymnasium: 70, lower school tracks: 68)
and 116 physics units (Gymnasium: 63, lower school tracks: 53).

4.2 Coding scheme and rating procedure

The coding scheme was developed by content analysis method (e.g., Friih 2004).
Categories were developed primarily deductively, i.e., driven by theory. One ben-
efit of the deductive approach is that it reveals theoretical possibilities that remain
unused in practice. Thus, possibilities for optimization become visible. In addition,
one inductive category was added based on coding the text material, namely “choice
of examples” as an indicator of autonomy support. By complementing the deduc-
tive with an inductive approach, categories also reflect indicators that are already
established in real-life (Friih 2004).
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We designed a low-inference coding scheme in which all features were coded
using dichotomous response categories (applies or does not apply). All 254 units of
analysis were double-coded by two coders, the first author and a trained research
assistant. Inconsistencies were solved through regular discussions. To ensure a pre-
cise understanding of the rater, trainings took place at regular intervals including
extensive explanations of subcategories and anchor examples, and repeated practice
opportunities in the form of test coding were provided.

The coding scheme (see Appendix 1 and for a more detailed version OSF: https://
osf.io/qxsjv/) consists of five categories: differentiated instruction, real-life context,
autonomy support, competence support, and support for relatedness with two to five
subcategories. Each subcategory is explained by a definition, multiple indicators,
and anchor examples. At least one of the listed indicators had to be present in order
to rate the category as applied.

Level of complexity was coded with three categories: reproduction, application,
and transfer (Jordan et al. 2008; Kiihn 2010, see Appendix 1 and for a more detailed
version of OSF above). Again, all subcategories were coded using dichotomous
response categories. For 38 task units, we observed more than one complexity level.
These were recoded for the analyses and the highest complexity level was assigned
to the task.

4.3 Statistical analyses

In order to assess whether the coding scheme can provide an intersubjectively com-
prehensible assessment of motivational potential, intercoder agreements were calcu-
lated. Therefore, the measure of exact percentage agreement was used. According
to Stemler (2004) the minimum value is set at =75.00%. In order to correct for
the possibility of agreement occurring by chance, Cohens’ Kappa (k) was computed
(Wirtz and Caspar 2002). Following Wirtz and Caspar (2002), 0.75<x describes
a very good, 0.6<x<0.75 describes a good, and 0.4<x<0.6 describes an accept-
able concordance. Further, x can take values from —1 to +1.

To test the dimensionality of the latent constructs, we applied the framework
of item response theory (IRT). We used the package pairwise (Heine 2021) for R,
which provides a non-iterative method for item parameter calibration and is suit-
able for small sample sizes. For each of the five latent constructs (i.e., the five
categories of the coding scheme, see Appendix 1), we applied a unidimensional
IRT scaling approach. In this case, the estimate of “person” measure represents the
expression of a motivational category in a fask unit. The global model fit was evalu-
ated applying the Andersen Likelihood Ratio Test (Andersen 1973). In addition, the
model fit statistics Q3 (Yen 1984; Christensen et al. 2017) were evaluated, which
are based on residuals and have a recommended limit of rg3<0.2 (see Christensen
et al. 2017). Furthermore root-mean-square statistics (INFIT and OUTFIT) were
calculated to assess item fit indices (Wright and Masters 1982). To test for the gen-
eral construct motivational potential, we compared a unidimensional with a five-
dimensional model estimated using TAM (Robitzsch et al. 2021).

To test differences between tasks’ levels of complexity in their motivational po-
tential, one-way ANOVAs were conducted. For the dependent variables, we used
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the values of estimated person ability. Kolmogorov-Smirnov and Shapiro-Wilk in-
dicated that the data were not normally distributed (a=0.05). Hence, we used the
more robust Welch-ANOVA (Welch 1947). The analyses scripts are available via
OSF (for link, see above).

5 Results
5.1 Validity: Generalization

Agreement percentages for all items ranged from 92.9 to 100% and thus exceeded the
minimum level of agreement (Stemler 2004, see Appendix 2). Cohen’s kappa ranged
from 0.76 to 1, with the value for demonstration and presentation of competence
being the lowest. For the items process, action, and social structure as well as
organizational autonomy support no kappa values could be calculated as these items
were not coded in any task unit by either rater. For cognitive autonomy support the
agreement was 99.2%. However, a negative kappa score was calculated due to the
rare occurrence of the category, which resulted in uneven marginal sum distributions
(Spitznagel and Helzer 1985). In sum, overall interrater reliability was very good.
(H 1.1). The multi-level sampling design indicated a proper representation of current
textbook tasks (H 1.2).

5.2 Validity: Scoring

Successfully completed rater trainings led to precise item understanding (H 1.3),
which was reflected in a precise mapping of the items in the tasks due to appro-
priate coding rules (H 1.4). When testing the unidimensionality of the five latent
constructs, we observed that six items process, action, and social structure, orga-
nizational and cognitive autonomy support, and discussion and reflection in class
were not rated at all or at most once (see Appendix 3). Within the IRT scaling
approach, the difficulty of these items represents a constant and thus, they had to
be removed from the models. Hence, only the constructs differentiated instruction,
real-life context, autonomy support, and competence support and the general fac-
tor motivational support could be scaled. For global model fit, the Andersen test
showed no significant deviation from the model fit for all four scales, respectively,
or for the general factor scale motivational potential, suggesting an overall fit of the
scaling model for the five scales. Contrary to the findings from the Andersen test,
coefficients for the Yen’s Q3 statistics for real-life context (rq3=0.299), competence
support (rq3=0.266) and motivational potential (rq3=0.319) fell above the recom-
mended limit (see Christensen et al. 2017; see Appendix 4). The coefficients for the
item root-mean-square fit indices (MSQ) consistently showed values for OUTFIT
and INFIT smaller than the expected value of MSQ.,. =1 (see Appendix 5). This
indicates a model overfit, which means the model fits the Rasch model better than
expected (Wright and Masters 1982) (1.5.1). Comparing a model representing four
latent constructs with a unidimensional model, the Bayes Information Criterion
(BIC) index of a unidimensional model was smaller as the BIC of the four-dimen-
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sional model (see Schwarz 1978; see Appendix 6). Thus, motivational potential can
represent a unidimensional factor (1.5.2).

5.3 Motivational potential of mathematics and physics tasks

Appendix 3 shows that, overall, the motivational potential in mathematics and
physics tasks was rather low. Some of the categories were not coded at all re-
sulting in a skewed distribution of the items. Hence, we reject further statistical
analyses and report frequencies only.

For differential instruction, only three subcategories were coded for mathemat-
ics and physics tasks, namely goal, content, and action structure, whereby content
structure was coded more frequently in mathematics tasks (in approx. 12.3% of all
mathematics tasks and in 4.3% of all physics tasks). Action structure was observed
only in one mathematics task.

Real-life context occurred equally often in both subjects. A constructed life context
was most common (in approx. 28% of all tasks), while real-life tasks were least
common (in approx. 5.5% of all tasks). However, about half of the tasks did not
display any real life-context.

Autonomy support was hardly present in either subsample. Organizational auton-
omy support was not coded at all and cognitive autonomy support was coded only
once in a physics task. Procedural autonomy support was present in both subjects
in about 1.5% of all tasks. The most frequent category in both subjects was choice
of examples in about 6% of all tasks.

Competence support was also hardly coded. Noticeably, a concrete reference for
feedback was given only in mathematics tasks (approx. 7.2%). References for demon-
strating or presenting results or for further deliberation on task content occurred in
both subjects about equally seldom (approx. 3.5%).

A similar picture emerged for support for relatedness. In the mathematics tasks,
specific references for partner and group work appeared more frequently (approx.
7.2%). Overall, the explicit opportunity to reflect in the classroom was coded only
in one physics task.

5.4 Relation between motivational potential and level of complexity

Because we found hardly any differences between physics and mathematics tasks,
in the following we do not distinguish between subjects. Moreover, as the model
comparison of dimensionality revealed a general factor, we focus on the overall
motivational potential.

Motivational potential differed statistically significantly for the different lev-
els of complexity in tasks with a small effect, Welch’s F' (2, 90.71)=10.18,
p<0.001, n?=0.057. Games-Howell post-hoc analysis revealed a significant differ-
ence (p<0.001) between reproduction (M =-2.85) and application tasks (M=-2.51)
in favor of application tasks (-0.34, 95%-CI [-0.61, —0.07]) and a difference be-
tween reproduction and transfer tasks (M=-2.22) in favor of transfer tasks (-0.63,
%-CI [-0.98, —0.29]).
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6 Discussion

The present study developed and validated a coding scheme to assess tasks’ mo-
tivational potential and applied it to current ninth grade German mathematics and
physics textbook tasks. In addition, the relation between tasks’ motivational po-
tential and their complexity level was analyzed. Key results were: 1) Overall, the
developed coding scheme could be evaluated as valid. 2) For current mathematics
and physics textbook tasks, only low motivational potential was found, with real-life
context being present most frequently. 3) There were only minor subject differences.
4) The overall motivational potential was higher in application and transfer tasks
than in reproduction tasks.

6.1 Coding and designing the motivational potential of tasks

The validity testing of the coding scheme indicated a precise rater understanding,
as all items could be clearly assigned to all tasks due to appropriate scoring rules.
This was also reflected in high interrater reliabilities, showing that the assessment
with the coding scheme could be generalized across both raters. Within the statistical
validation of the theoretically derived motivational features, differentiated instruction
and autonomy support could be scaled with acceptable model fits. In line with
research on cognitive activation (Baumert et al. 2010; Herbert and Schweig 2021)
and adaptive teaching (Dumont 2019), we could confirm that motivational potential
in tasks can be considered as an overall strategy and thus is not limited to individual
features.

The coding scheme could therefore be used in teacher education and training to
raise awareness on which tasks features might be motivational. Furthermore, it could
support teachers in planning and preparation lessons to identify the motivational
potential of a task in order to optimize if necessary. Finally, the coding scheme
could assist textbook publishers in designing motivational tasks.

6.2 Motivational potential of mathematics and physics tasks and the relation
with level of complexity

The overall low frequency of motivational features in mathematics and physics text-
book tasks was somewhat surprising, as Germany put some effort in implementing
a new or more developed task culture in the STEM field by introducing the SINUS
program (Prenzel et al. 2009a) or the Context-projects (e.g., Mikelskis-Seifert and
Duit 2007) that also aimed at incorporating motivational features such as differenti-
ated instruction and real-life context (Horn 1999). In line with these efforts, in our
study, real-life context was observed most frequently and it was similarly distributed
in both subjects. However, we would have expected a higher frequency in physics
tasks as, in theory, physics can offer more room for implementing real-life expe-
riences. Yet, this is consistent with other empirical findings showing only limited
implementation of real-life context in physics classrooms (Haag and Goétz 2012).
Nevertheless, a task’s objective real-life context does not guarantee its connection
to students’ actual and strongly individual experiences.
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Overall, subject context played only a minor role for the motivational potential
of tasks.

Notable differences emerged only for the subcategory feedback of the construct
competence support in favor of mathematics. This reflects that practicing and thus
monitoring play a greater role in mathematics than in science (Fraefel 2001). A sec-
ond notable result is that, although relatedness has shown to be a key function for
longer-term interest in physics (Hazari et al. 2010) and that it can be promoted
especially when conducting experiments, only mathematics tasks included specific
references to partner and group work. However, maybe teachers do encourage part-
ner and group work in classroom interaction without explicit references in textbook
tasks.

With regard to task complexity, as expected, complex tasks contained higher mo-
tivational potential and thus offered more options for processing the assignment.
Still, the difference was rather small. Although motivational features within repro-
duction tasks do not seem to be in relation with high learning outcomes (Prenzel
1995), we believe they are nevertheless important for some individuals, especially
for their motivational outcomes, which themselves are important learnings goals.
There are already textbook concepts that focus on the integration of motivational
task features for all complexity levels, mainly for vocational schools (see Riecke-
Baulecke and Broux 2016) that could be used as an orientation for future textbook
developments for STEM education of other school types.

6.3 Limitations and future research

The present paper extends previous task analysis research by focusing on the moti-
vational potential of tasks. Moreover, a low-inference coding scheme was developed
and empirically validated using the IRT scaling approach, with the person estimator
representing the expression of a motivational category in a task unit. For this, 254
mathematics and physics textbook tasks units were sampled using a top-down pro-
cedure and thus reflect a proper representation throughout Germany. Nevertheless,
some limitations should be considered.

First, this study focused on tasks analysis and therefore did not test all of Kane’s
recommended validity arguments (Kane 2006). Subsequent research should consider
additional areas of inference, such as extrapolation, to compare the coding scores
with other assessments of motivational potential (see Herbert and Schweig 2021).

Second, examining current mathematics and physics textbook tasks revealed the
problem of skewed item value distributions for some constructs. Low item frequen-
cies caused misbehavior and made further statistical analyses difficult. However, we
do not attribute the low item frequencies to the scoring design of the coding scheme,
as for all items anchor examples from mathematics and physics textbooks could be
found. Rather, we believe that current mathematics and physics tasks, which were
represented properly within this study, have explicit shortcomings in motivational
features. Future studies with an expanded sample size are needed to examine whether
this would increase items’ expression. Tasks from other domains, such as language,
could be used to expand research on the scaling of coding schemes and further test
the context independency of tasks’ motivational potential.
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Third, the current study focused exclusively on tasks as learning opportunities
and their motivational potential. However, theories of instruction such as the Generic
Dimensions of Instruction (e.g., Holzberger et al. 2019; Praetorius et al. 2018) show
that motivational-affective outcomes can also be promoted through effective socio-
emotional support, which depends on teacher-student interactions. Thus, we believe
that within instruction the motivational potential of tasks will spread its effect by
supplementing teacher characteristics and behavior (e.g., Frenzel et al. 2009; Ruzek
et al. 2016). This interaction could be explored further in future studies.

To examine how the motivational potential of a task can actually enhance motiva-
tion, we suggest that future studies supplement task analyses with (video) observa-
tions. By doing so, one could analyze how teachers embed tasks in their instruction
(as proposed by Blomeke et al. 2006 and Rakoczy 2008) and the perception and
use of tasks by students (Helmke 2009). Along with this, teacher competencies such
as diagnostic competence should be considered (Stidkamp and Praetorius 2017). It
would be also important, to clarify how tasks’ motivational potential interacts with
students’ motivational orientations and needs (Vansteenkiste et al. 2009).

7 Conclusion

By using a primarily deductive approach, we developed and validated a coding
scheme to identify theoretical opportunities for the motivational potential of tasks.
Our results showed that in current German ninth grade mathematics and physics
textbooks the possibilities for promoting student motivation remain unexploited and
leave room for improvement. In addition, our low-inference coding scheme can be
used not only in future research but also in teacher training and teaching practice to
assess the motivational potential of tasks and to design motivational instruction.
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