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Structured Abstract

Background: In competency-oriented education, tasks in science subjects have increased in importance in recent
years. In addition, it is suggested that to develop a competency, a set of tasks with different functional embeddings is
required. An option for the arrangement of tasks is explained in the Learning Process Model and starts with the so-
called “confrontation” task at the beginning of a new topic, challenging learners with a new problem. Next, learners
build up the required concepts and skills with the help of development tasks to be able to solve the initial problem,
followed by exercises to train and expand the competency. To sum up, learners solve the initial problem in a synthesis
task and may then need to apply the competency in a transfer task. Each task type (e.g., confrontation task) is described
by the weighting of the following nine scales: 1) chart of competencies, 2) relationship to daily life, 3) learners’ con-
ceptions, 4) knowledge, 5) knowledge activities, 6) forms of representation, 7) task openness, 8) learning supports, and
9) learning paths. Each scale contains between one and four subscales that describe the task types by their weighting.
The description in the form of scale values is taken up empirically.

Purpose: This study combines existing task scales from research with the different functions of tasks along the learning
process model. An expert panel worked in a general-theoretical manner, and trained lecturers rated tasks with the
instrument to analyse tasks.

Sample/setting, Design and Methods: In our study, we used the existing scales from the Instrument to Analyse Tasks
(IAT). To develop the experts’ proposed scale values, we consulted four experts. We calculated the ADy index (average
absolute deviation) as a quality-control measure for the experts’ level of agreement. According to the tasks’ scale values
as rated by trained lecturers (IN = 2), we selected 25 of the 146 science education tasks from the project MINT? unterwegs
(“STEM on the move”). In the comparison, we calculated the score differences between the experts’ scale values and
the rated task.

Results: The results show that it is possible to describe different task types of a task set with the IAT when the scale
values are obtained from expert proposals. Moreover, the IAT scale values obtained from the expert proposals are
quite similar to those from task ratings by trained lecturers.

Conclusions: This study indicates that experts can distinguish and characterize the Learning Process Model’s vatious
task types by weighting IAT scale proposals. Furthermore, it has been shown that tasks can be analysed with the IAT.
When the results of the task analysis by trained lecturers are compared to the experts’ proposals, the tasks can be
revised reasonably and optimized for the learning process.

Keywords: competency, science, task sets, learning, model, instrument, analysis, task quality

@ “MINT” is the German acronym for “Mathematik, Informatik, Naturwissenschaften und Technik”, the English
version being “STEM” (science, technology, engineering and mathematics). Sample tasks from the project MINT
unterwegs are available on the website: https://mint-erleben.u.ch (retrieved 20 January 2022). The project has been
running since 2016.
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1 Introduction

Competency-enhancing educationP leads to a new kind of learning. The main objective becomes the acquisition of
competencies so that learners can solve specific problems. Therefore, the teaching structure changes, too. Lesson
planning starts from the endpoint, the competency to be achieved, and then proceeds “backwards” (Lersch & Schreder,
2013). The questions asked during planning may be: What competency do I want learners to develop? What should
learners consequently be able to do and know at the end? How can I subdivide the competency into sub-competencies
so that I can gradually develop the competency to be achieved? What teaching materials can I use to develop the
competency? How can I recognize and assess learners’ performance? Answering these questions helps teachers to
focus on acquisition of a sub-competency during long-term planning of a whole competency. Moreover, these ques-
tions serve as a guide for teachers, providing orientation and clarity in planning (Wilhelm et al., 2015).

In competency-enhancing education, a single task cannot incorporate several aspects of a whole competency to be
built up. Instead, task sets come into focus for teaching and learning (Luthiger et al., 2018), as they can create learning
environments and build up subject-specific, interdisciplinary competencies throughout a teaching unit. So, task sets
play a central role in high-quality, competency-oriented teaching (Miller & Helmke, 2008).

In this article, task sets designed following the Learning Process Model are presented. Numerous Swiss textbooks, such
as NaTech (Bolsterli Bardy et al., 2017), Das WAH-Buch (Wespi et al., 2019) and Wer ist Landwirtschaft (Schweizerisches
Agrarmuseum Burgrain, 2020), and online learning platforms, such as entdecke./n.ch (DVS, 2016) and mint-erleben.lu.ch
(DVS, 2018) are already structured according to the Learning Process Model.

Although several research groups have developed and partially tested vatious category systems for assessing tasks, no
empirically tested instrument is available to distinguish different task types (e.g., confrontation task) within a task set.
Therefore, we have taken up the nominal settings of an instrument to distinguish tasks in a task set and from it devel-
oped an operationalised, empirically tested Instrument to Analyse Tasks (LAT) (Stuppan et al., in press). With the IAT,
the quality of tasks is described with the following nine scales: 1) chart of competencies, 2) relationship to daily life, 3)
learners’ conceptions, 4) knowledge, 5) knowledge activities 6) forms of representation, 7) task openness, 8) learning
supports; and 9) learning paths.

To use the IAT in the Learning Process Model, however, specific scale values for each subscale to characterize each
task type must be obtained. The scale values indicate how strongly a subscale must be pronounced for a task to belong
to a certain task type.

2 Research Background

For learners, the relevance of a given competency becomes obvious when it can be used in a particular situation.
Consequently, a competency can be developed at school, starting with a situation or a problem that requires the com-
petency to be achieved. At the beginning, learners do not need to solve the problem; however, they should formulate
a hypothesis as to how the problem might be solved. Subsequently, the upcoming tasks are set up in such a way that
the competency can be built up gradually. At the end, learners should be able to solve the initial problem. Therefore,
competency orientation means mote than simply learning contents and skills. It means that the learners acquire com-
petencies by thinking and performing flexibly in real-life situations; foundations for this kind of flexibility are laid in
school.

In the sense of Weinert (2002), competency-oriented education aims to make learners capable of solving real problems.
If the instructional situations required are individually tailored to learners’ learning processes, it is competency-enhanc-
ing education as an extension of competency-otiented education (Hammann, 2000).

Competency-enhancing education requires intensively working with tasks. Here, tasks can be assigned to multiple
functions: they aim to build and expand subject-specific and generic competencies, they structure learning processes
and they provide information about learners’ competency development (Abraham & Miiller, 2009; Luthiger, 2014).
However, the current discussion about which tasks are competency-enhancing, and which are not, disregards the fact
that the acquisition of competencies demands a complete learning process (2.1 Learning Process Model), takes time,
and includes several stages. Consequently, a single task is mostly insufficient for building up a new competency. Instead,
several tasks are needed, orchestrating competency acquisition in a logical way. In other words, not one task but a set
of tasks forms the basic requirement of learning arrangements (Reusser, 2014, p. 77).

2.1 Learning Process Model

The Learning Process Model contains a set of tasks. The model emerged from the Creative Problem-Solving Model
by de Haan (2009), the pedagogical model KAFKA by Reusser (2014) and the Lucerne Model for the Development
of Competency-Enhancing Task Sets (LUKAS, Luzerner Modell zur Entwicklung Kompetenzfoérdernder Auf-
gabensets) by Luthiger et al. (2018). Models by Oser and Patry (1990) also influenced the creation of the Learning

b We use the term competency in the sense defined by the Swiss working group HarmoS (Interkantonalen 1 ereinbarung iiber
die Harmonisierung der obligatorischen Schule) (EDK, 2011) and Blémeke et al. (2015)
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Process Model. This shows that, in developing the Learning Process Model, aspects from general pedagogy and sub-
ject-specific education were taken into account.

In the Learning Process Model, a competency is built up stepwise, as recommended by learning psychology (Hattie &
Yates, 2015; Helmke, 2015; Meyer, 2016; Wellenreuther, 2019). Lersch (2010) presents a two-dimensional model called
the Competency Acquisition Scheme (Kompetenzerwerbsschema), in which the competency is divided into several sub-
competencies, which are then acquired step-by-step. In contrast to the Competency Acquisition Scheme, the Learning
Process Model assumes that the development of a competency is not necessarily linear, unlike as proposed by Lersch
(2010), whose model was linear. It is, rather, a learning process that can take place in different directions, extending
learners’ prior knowledge in a complex manner. Previous empirical, cross-sectional studies in subject-specific education
confirm this assumption, although corresponding longitudinal studies are still lacking (Bernholt et al., 2009).

Luthiger et al. (2018) assume that competencies are built up effectively when learners are confronted with the compe-
tency to be acquired in an initial situation or problem. Consequently, the Learning Process Model starts functionally,
with the so-called confrontation task dealing with a new problem or everyday situation and inviting the learners to ques-
tion their own concepts and ways of acting while they formulate a hypothesis about how the problem might be solved.
In the subsequent learning process, the learners gradually acquire the necessary concepts and skills and deepen them
to master (synthesize) the situation/problem and to transfer it to similar situations at the end of the teaching sequence.
In summary, the Learning Process Model starts and ends with learners’ daily life, for example, with an everyday prob-
lem, situation or context (right-hand arrows in Fig. 1). The Learning Process Model consists of the following tasks
embedded in the learning process: confrontation task, development tasks, exercises, synthesis task and transfer task (Fig. 1).

Daily life

Problem/phenomenonlfrom daily life CIassroom

Divergent thinking

Confrontation task
Examine and question one's own competencies in a given situation

A
\ 4
Development tasks > Exercises
Build up the new facets of Con)ler.gent Train and expand the newly
competencies thinking acquired competencies
: ‘ A
y Analogical thinking V
Synthesis task

Apply the competencies acquired in an already familiar situation

Transfer task
Transfer the acquired competencies to a modified situation with the help of strategies

Achieved |competencies

Performance

Fig. 1. Learning Process Model according to Luthiger et al. (2018). Classroom legend: solid arrows denote linear
processes; dashed arrows indicate non-linear processes.

These tasks can be grouped according to three elements of thinking (de Haan, 2009): 1) divergent thinking, including
ideational fluency or cognitive flexibility and accepting many ideas related to a problem; 2) convergent thinking, the request
of inhibitory control to focus and mentally evaluate ideas; and 3) analogical thinking, the ability to understand a novel
idea in terms of one that is already familiar.

The confrontation task allows and requires divergent thinking and welcomes learners’ associations (Guilford, 1950). Conse-
quently, the teacher does not cotrect the learners” hypotheses but leaves the “correct” answer open at this stage of the
learning. The confrontation task establishes contact with the competency to be acquired and links the learners’ daily
life to the competency to be achieved at school (Luthiger et al., 2018). The confrontation task is based on real-life
problems or authentic phenomena and should arouse curiosity, irritate learners and raise questions about the teaching
unit’s core idea and, so, increase the competency’s relevance and leaners’ readiness to acquire it (Luthiger et al., 2018).
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The subsequent tasks in the Learning Process Model are the development tasks, followed by the exercises. Both demand
convergent thinking. The development tasks should be cognitively activating and help learners to build up the new com-
petency to be able to solve the initial confrontation task problem. Clear development task structure and immediate
feedback make it possible to link the prior subjective concepts and behaviours with the competency to be achieved
(de Haan, 2009; Hattie & Yates, 2015). Subsequently, different aspects of the competency are made more flexible and
consolidated with the help of exervises (Luthiger et al., 2018). The Learning Process Model ends with the synthesis task,
sometimes followed by the #ansfer task. Both task types primarily requite analogical thinking (de Haan, 2009). The learners
need to perform the acquired competencies to solve the initial confrontation task problem now reformulated as the
synthesis task (Luthiger et al., 2018). In addition, transfer tasks aim to transfer and recombine the acquired competen-
cies in modified situations with the help of strategies (Gysin & Brovelli, 2021).

2.2 Learning task quality analysis

As described above, tasks can be distinguished by their functional embedding in the learning process during education
(chapter 2.1). Furthermore, tasks can be sorted according to various category systems. Several research groups in the
field of general pedagogy and subject-specific education have developed and adapted category systems to analyse the
quality of learning tasks. Wilhelm et al. (2014) have developed a category system to describe tasks in ten categories
based on empirical (Blomeke et al., 2006; Jordan et al., 2006; Maier et al., 2010; Neubrand, 2002) and theoretical work
(Biichter & Leuders, 2016). An overview of the selection of categories can be found in Luthiger et al. (2018). The work
of Wilhelm et al. (2014) was the basis for the new instrument called Instrument to Analyse Tasks (LAT) (Stuppan et al., in
press). The IAT is the instrument on which this study’s results are based (chapter 3). In the following section, the
theoretical background of the IAT’s scales and their subscales are described in more detail.

2.21  Chart of competencies

The scale chart of competencies comptises the sub-competencies to be acquired within a task (Flechsig, 2008, p. 245; Lersch
& Schreder, 2013, p. 50). According to the Swiss HarmoS (Inferkantonalen 1V ereinbarung iiber die Harmonisiernng der obliga-
torischen Schule) wotking group’s report, a competency in science is composed of a skill linked to content/a concept
(EDK, 2011). Moreover, a competency is divided into several sub-competencies (EDK, 2011). The chart of compe-
tencies scale consists of three subscales: singular (Cronbach’s o of the subscale = .99, Number of items = 3), additive
(o = .98, # = 3), and integrative (o« = .98, # = 3). Singular tasks deal only with one aspect of a curricular sub-competency
(Letsch & Schreder, 2013). Here, only one cognitive or personal skill is developed, enhanced, practised or applied. If
a task involves several aspects of one or more curricular sub-competencies, it is rated as additive. In this case, several
cognitive or personal skills are developed, enhanced, practised or applied. If a task is snzegrative, it involves as many
aspects as possible of one or more of a competency’s sub-competencies (Luthiger et al., 2018, p. 61). In this final case,
many skills or abilities are developed, enhanced, practised, and applied in an interconnected way.

2.2.2  Relationship to daily life

The scale relationship to daily life refers to the relationship a task’s plot has to learners’ everyday experiences and environ-
ment (Maier et al., 2010, pp. 37-38; Stein et al., 1996, p. 486). This scale contains the following three subscales: con-
structed (o = .96, # = 3), authentic (x = .93, # = 3), and real (« = .96, » = 3). A task is called constructed when there is
only an artificial link between the task’s context and the learners’ daily life (Maier et al., 2010, p. 38). An authentic task
is one in which the relevance to the learners’ daily life may be fictitious, but remains logical and authentic in the context
(Blomeke et al., 2006; Luthiger et al., 2018). For instance, a task’s context may be relevant to learners in future. A task
is rea/ when its context describes a situation that learners might have experienced themselves or that might have been
experienced by another learners their age (Luthiger et al., 2018, p. 61). In a real-life context, there is no difference
between the task and the learners’ daily life (Neubrand, 2002, p. 113). Such a task must probably also be solved in
learners’ lives outside of school, too. Consequently, the task is personally relevant to the learners.

2.2.3 Learners’ conceptions

Learners’ conceptions determine learning in the sense that new input is perceived from the perspective of what is already
known (Duit, 1995). Therefore, learners’ prior knowledge and skills may be the starting point for tasks (Luthiger et al.,
2018, p. 62). According to Wilhelm and Kalcsics (2017, p. 88), conceptions may be actively revised, altered or expanded
during competency acquisition. According to Beerenwinkel et al. (2007), Luthiger et al. (2018, p. 62), and Wilhelm et
al. (2014), the conceptions scale in tasks is divided into three subscales: raise (« = .91, » = 3), check (« = .90, » = 2),
and reflect (o« = .82, # = 3). Raise means learners share or write down their conceptions about the task. For example,
assumptions about how to solve a problem are written down, exchanged orally among one another or communicated
in another form (Mietzel, 2007, pp. 305-3006). Check means learners’ conceptions (e.g., an assumption about a solution
or reasoning) are matched with the task’s solution (Hattie & Yates, 2015, pp. 108-109). Reflect means learners reflect

79



Stuppan, Wilhelm & Bélsterli Bardy

on their acquisition of knowledge and compare their preconceptions with their post-conceptions (Luthiger et al., 2018,
p. 62). For instance, learners reflect on why their hypothesis matches the solution or why it does not.

2.24 Knowledge

Knowledge refers to what kind of knowledge is to be acquired. The subscales of the knowledge scale are based on the
wortk of Anderson and Krathwohl (2001, pp. 69-88). According to Anderson and Krathwohl, there are four subscales
to be distinguished in the knowledge required by a task: factual knowledge (« = .91, # = 3), procedural knowledge
(o = .96, n = 3), conceptual knowledge (« = .87, # = 3), and metacognitive knowledge (o« = .89, # = 3). Factual knowledge
includes knowledge about terminology, terms, specific details and elements (Anderson & Krathwohl, 2001; Gagné et
al,, 1992; Jordan et al., 2006). Procedural knowledge describes knowledge that is practically usable for action. This involves
a continuum from basic types of behaviour to complex actions (e.g., solving unknown problems). Procedural
knowledge can include cognitive aspects and/ot courses of action (e.g., to perform an experiment) (Anderson &
Krathwohl, 2001; Blémeke et al., 2006; Luthiger et al., 2018, p. 63). Learners apply conceptual knowledge in solving tasks
when they explicitly link, classify, or structure their knowledge (Anderson & Krathwohl, 2001; Gagné et al., 1992;
Hiebert & Lefevre, 1986, pp. 3-5; Jordan et al., 20006). Learners use mefacognitive knowledge when they explicitly reflect
on their knowledge or problem-solving strategies (Anderson & Krathwohl, 2001; Bremerich-Vos, 2008; Maier et al.,
2010).

2.2.5 Knowledge activities

The knowledge activities scale refers to how prior knowledge must be transformed to solving a task (Luthiger et al., 2018,
p. 63). All types of knowledge may be transformed: factual knowledge, procedural knowledge, conceptual knowledge,
and metacognitive knowledge (Maier et al., 2014, p. 32). The knowledge activities scale consists of three subscales:
reproduction (o = .88, » = 4), transfer (x = .94, » = 4), and creation (x = .96, # = 4). The subscale reproduction means
learners need their memory to solve the task (Anderson & Krathwohl, 2001, p. 215). The task has a repetitive character
for learners. Reproduction can refer to all four knowledge subscales and not only to recollecting factual knowledge.
According to Ellis (1965), Maier et al. (2014, p. 32) and Dori and Sasson (2013), a #ransfer is needed when solving the
task requires more than mere reproduction of prior knowledge. The task contains an unknown situation/problem/con-
text to be solved or it is not immediately obvious to learners which type of knowledge they must apply. A task requires
learners’ ¢reation when learners encounter a situation (often an unknown task) in which they need creativity to assemble
or combine existing elements of prior knowledge to solve the task (Anderson & Krathwohl, 2001, p. 215).

2.2.6 Forms of representation

Based on existing category systems by Maier et al. (2014, pp. 39-40), Wilhelm et al. (2014) and Luthiger et al. (2018, p.
064), the forms of representation scale desctibes in its subscale a continuum from transform to not transform by comparing
the form of representation in the task to the form of representation for processing and solving the task (o« = .93, # = 4).
Maier et al. (2010, p. 40) ask themselves two questions to determine the forms of representation in a task. First, in
what form is the task presented to the learners? Second, in what form does the solution need to be processed and
presented? Transform means that the form of representation (e.g., texts, figures, tables, etc.) in the task differs from the
form of representation in the task progression and solution. This means learners must transform the learning content
into another form of representation (Maier et al., 2010, pp. 39—40; Neubrand, 2002, p. 120; Stein et al., 1996). Noz
transform means the form of representation is the same in the task, the task progression, and the solution.

2.2.7 Task openness

The task openness scale describes the solution procedure (a = .95, # = 4), the result (« = .96, #» = 4), and the editing
(o = .92, n = 4). The solution procedure subscale is described by a continuum from undefined to defined. Undefined means
the task allows vatiants during task procedure (Maier et al., 2010, p. 36). So, the task procedure becomes multi-layered
and challenging. Defined means a cleatly defined task procedure (e.g., algorithm). The result is described by a continuum
from diverse to uniform. While diverse signifies that several goals or explanations are welcome as result of the task,
uniform tasks expect a single solution (Stein et al., 1996). In this subscale, the correct solution (e.g., scientific knowledge
or expertise) does not need to be defined (Maier et al., 2010, p. 36). The editing subscale defines the structuredness of
the elements in a task and whether these structures correlate with the order in which the task must be solved (Luthiger
et al,, 2018, pp. 63—64; Maier et al., 2010, p. 36; Neubrand, 2002, pp. 122-129). The editing subscale comprises a
continuum from structured to unstructured. S#uctured means the structure of the task is clearly defined and correlates
with the order of solving the task. Unstructured means the sequence of structural elements in the task does not corre-
spond to the task solution sequence. Consequently, learners must determine the structure while solving the task them-
selves (Luthiger et al., 2018, p. 64). If, for instance, a task is undefined, diverse, and unstructured, then learners can
freely determine the task procedure and the solution is open. Moreover, the information given in the task does not
correspond to the order learners must follow to process the information. How learners solve an undefined, diverse,
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unstructured task depends on, among others, learning prerequisites such as the (pre)conceptions, motivation, or task
solution strategies (Ulrich, 2019, p. 79). The complexity of an undefined, diverse, unstructured task can still be con-
trolled to some extent by the quality and structure of the information provided to the learners (Luthiger et al., 2018, p.
63). However, in general, it demands more competencies from learners than a defined, uniform, structured task.

2.2.8 Learning supports

The learning supports scale means any optional support offered to learners to enable them to work on tasks inde-
pendently. According to Wilhelm et al. (2014) and Luthiger et al. (2018, pp. 65-60), the following three subscales are
relevant in the learning supports scale: assistance (« = .97, # = 3), exchange opportunities (« = .88, #» = 3), and teacher
feedback (« = .98, # = 3). The assistance subscale means learners may get hints or prompts as supports to solve the task.
The supportt is often provided in steps, to reduce cognitive load and take into account the limited capacity of working
memory (Sweller et al., 1998). The exchange opportunities subscale means learners are given the chance to interact with
one another during task processing. The interaction stimulates cognitive processing and supports memorisation and
understanding. Interestingly, learners benefit not only when explaining to a classmate, but also when receiving expla-
nations from another learner (Mietzel, 2007, p. 381). The feacher feedback subscale means teachers give feedback imme-
diately after task processing or later (e.g., duting the next lesson). So, task performance is evaluated and compared to
a standard, options on how to improve performance are described, or incomplete or false solutions are corrected.
Furthermore, teacher feedback provides structural support and contains motivational messages and the like (Mietzel,
2007, p. 381).

2.2.9 Learning paths

In the learning paths scale, the following three subscales are distinguished according to Niggli (2013, p. 35), Wilhelm et
al. (2014), Buchter and Leuders (2016, p. 111) and Luthiger et al. (2018, p. 66): compensating (o = .93, # = 3), profiling
(o = .92, n = 3), and self-differentiating (o« = .92, » = 3). The compensating subscale means tasks allow individual learning
and task processing at different performance levels (guided by compensation principles). When different learning sta-
tuses are compensated for, individual learners or learning groups come into focus instead of the entire class, which lets
compensation of individual learning status become more likely (Niggli, 2013, p. 36). Consequently, a compensatory
task enables learners to reach a defined competence level and compensate for any learning gaps. Such tasks offer the
opportunity to supplement missing knowledge and clarify ambiguities. The profiling subscale means a task offers a
choice, according to individual interests, to experience a competency expansion in one’s profile. The se/f-differentiating
subscale means a task can be solved at various levels of abstraction, ways of task processing and problem solving, or
possibilities for deepening the topic (Biichter & Leuders, 2016, p. 111).

2.3 Research questions

The purpose of this study is to combine existing task scales from research with the different functions of tasks along
the learning process model. The Learning Process Model and the scales introduced ate already being used in vatious
development projects (chapter 1). In addition, existing category systems are used in research on tasks for the nominal
description of tasks. The results are often presented as text modules with explanations. Exemplary studies are those
by Gloe and Miller (2017), Kleinknecht et al. (2013), Maier et al. (2010) and Reinftied (2016). But how do the described
scales and their subscales relate to the task types (e.g., confrontation tasks) in the Learning Process Model?

So, the following research questions can be derived:

1)  What scale values of the IAT do experts propose to characterize the various Learning Process Model task

types?
2)  How do the scale values gained from analysing confrontation tasks differ from the experts’ scale values?

To answer the research questions, a panel of experts was consulted (chapter 3.2) and data from the development study
of the Instrument to Analyse Tasks (IAT) by (Stuppan et al., in press) were re-analysed (chapter 3.3).

3 Methods

31 Instrument

Wilhelm et al. (2014) and Luthiger et al. (2018) have proposed a synoptic view of the Lucerne Model for the Develop-
ment of Competency-Enhancing Task Sets (LUKAS) model and created a theory-based category system to study the
potential quality of learning tasks. From this category system, the Instrument to Analyse Tasks (LAT) was developed. The
IAT does not contain new scales of analysis, nor does the setting-up of the instrument include creative effort by the
authors. Rather, the creation of the tool was a matter of selecting and compiling categories from established systems
(chapter 2.2) to be combined and operationalised in this new instrument. The item construction accounted for the
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development of the IAT follows the methods described by Bihner (2006), Busker (2014), Déring and Bortz (2016),
and Mummendey and Grau (2014). Thanks to its multi-stage development and complex validation process, the IAT is
an empirically tested instrument. To validate the IAT, 146 tasks were used. The tasks originated from the project MINT
unterwegs, a collaborative project between the University of Teacher Education Lucerne and the Lucerne Office of
Education (DVS, Dienststelle Volksschulbildung Luzern). A paper describing the detailed, methodical approach used
to create the IAT is in press (Stuppan et al,, in press). The instrument consists of the following nine scales, each with
one to four subscales: 1) chart of competencies, 2) relationship to daily life, 3) learners’ conceptions, 4) knowledge, 5)
knowledge activities 6) forms of representation, 7) task openness, 8) learning suppotts, and 9) learning paths. Examples
of the subscales, Cronbach alpha coefficient and number of items are desctibed in chapter 2.2. Each scale uses a five-
level rating scale (0 = do not agree, 1 = agree slightly, 2 = agree moderately, 3 = agree considerably and 4 = agree
strongly).

3.2 Experts’ proposed scale values

A panel of experts (IN = 4, 50% of them female) proposed IAT agreement scale values for each Learning Process
Model task type. The panel consisted of the four authors of the LUKAS model (Luthiger et al., 2018). All members
had either a general pedagogy or subject-specific education background. The proposed scale allows for discrete integer
values ranging from 0 to 4 (0 = do not agree, and 4 = agree strongly).

First, the nominal descriptions from the LUKAS model (Luthiger et al., 2018; Wilhelm et al., 2014) were transferred
and expanded to generate provisional scale values for the IAT. Next, these provisional scale values of the IAT were
proposed in a panel meeting by the LUKAS model experts. Subsequently, the four experts each generated a personal
proposal of the provisional scale values for each task type. From these scale values, the mean (rounded to two decimal
places) for each task type was calculated to obtain the final scale values (Tab. 1). The median could also have been
used here, as the use of the mean can lead to a shift in the average values. We have retained the mean values because,
in this study, they lead to the same conclusions as using the median would have. Since the expert panel did not rate
multiple tasks, but proposed scale values for each Learning Process Model task type, we did not calculate an intraclass
correlation coefficient ICC). Instead, we calculated the ADy index (average absolute deviation) for each scale value
as an interrater agreement. The standard for essential agreement was given by Burke et al. (1999) as A/6, where A is
the number of response categories. For a five-level scale, an ADy below 5/6 = .83 is an essential agreement. For A/6,
Butke et al. (1999) followed the acceptable match threshold of .70 proposed for the rwe (assessment of within-group
interrater agreement) (James et al., 1984). If this value is exceeded, it is marked with (%) in Table 1. As described in the
Delphi method (Déring & Bortz, 2016, pp. 420—-421), the group result should be more meaningful than the individual
experts’ judgments.

3.3 Rated task scale values

The authors involved in the project MINT unterwegs created teaching units with the help of task sets. The authors were
asked to label the developed tasks during MINT untervegs task creation according to the different task types. We adopted
this attribution of the task types and were able to index 25 confrontation tasks. These 25 confrontation tasks were
empirically rated by trained lecturers of STEM subjects (IN = 2) with the rating manual of the IAT. In total, 24% of
the tasks were double-rated. The agreement on the scale values was tested by using the ICC and resulted in a mean
ICC(A,1) value of .69. Then, the mean (rounded to two decimal places) of the scale values obtained from the 25 tasks
was calculated (Fig. 2). The confrontation tasks are used as examples because they are the first task type in the Learning
Process Model. Further analyses of other task types ate in this article’s supplementary materials. These additional
analyses are not included in the Discussion and Conclusions section.

3.4 Scale value comparison
The comparison of the experts’ scale values and the rated STEM confrontation tasks was calculated (Fig. 2). The
integer point difference of the two scale values can reach the values 0 (petfect match), 1/-1 (substantial match), 2/-2

(moderate match), 3/-3 (slight match) and 4/-4 (poor match). The closer a point difference is to 0, the more similar
the scale values of the experts’ proposals and the rated tasks ate to each other.

4  Results

In the following section, the results of the scale values of the experts’ proposals are presented and explained (Tab. 1).
Figure 2 shows the comparison between the scale values of the experts’” proposals and the scale values of the rated
STEM confrontation task.
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4.1 Experts’ proposed scale values

The description of tasks shown in this study does not aim to establish a hierarchical taxonomy of proficiencies, as is
the case with Bloom’s (1976) taxonomy. Instead, the different task types in the Learning Process Mode! (Fig. 1) are char-
acterized by scale values of each subscale in each scale as proposed by experts. The result of the scale values is presented
in Table 1. For the description of the scales and subscales, see 2.2 Learning task quality analysis.

In each task type, all scales are present. However, the scale values of each subscale within each scale differ. Conse-
quently, the scale values of the subscales characterize the different task types.

Tab. 1. Experts’ proposed scale values by mean for each task type

Task type and proposed scale values

Confronta- Development Exercises Synthesis Transfer
Scale Subscale tion
M SD M SD M SD M SD M SD
chart of com-  singular 0.00  0.00 2.00  0.00 3.00 0.00 0.50 0.50 0.00  0.00
petencies .
additive 1.25 043 3.00 0.00 2.00  0.00 1.000  0.87 2.00  0.00
integrative 350  0.50 2.00  0.00 0.00  0.00 350  0.50 350 0.50
relationship constructed 275 0.43 375 043 225 043 275 043 275 043
ily life
o dailylife  hentic 300 000 200 000 175 043 300 000 300 000
real 1.75 043 1.00  0.00 1.00  0.00 1.25 043 2.00  0.00
learners’ con-  raise 4.00  0.00 3.50a  0.87 250  0.50 4.00  0.00 3.00 0.00
ceptions
check 0.00  0.00 4.00  0.00 3.00 071 225 043 2.00  0.00
reflect 0.50=  0.87 3.00  0.00 1.75 043 1.500  1.22 1.00a  0.87
knowledge factual knowledge 1.00  0.00 325 043 325 043 225 043 1.00  0.00
procedural knowledge  2.00  0.00 3.00  0.00 3.00 0.00 2.00  0.00 2.00  0.00
conceptual knowledge 4.00  0.00 4.00  0.00 2775 043 2,502 0.87 3.00 0.00
metacognitive 3.00 0.00 3.00  0.00 2.00  0.00 3.00 0.00 4.00  0.00
knowledge
knowledge reproduction 1.00  0.00 2.00  0.00 4.00 0.00 3.00 0.00 1.75 0.43
activities
transfer 1.000  0.87 3.00 0.00 250  0.50 3.00 0.00 4.00  0.00
creation 4.00  0.00 0.00  0.00 0.00  0.00 2.00  0.00 225 043
forms of tep-  transform 225 043 1.25 043 2.00 0.00 3.00 0.00 375 043
resentation
task openness  solution procedure 3.00 0.00 1.00  0.00 1.00  0.00 3.00 0.00 3.00  0.00
undefined
result diverse 4.00  0.00 1.00  0.00 0.00  0.00 225 043 3.00 071
editing structured 350 0.50 325 043 225 043 3.00 0.00 2.00  0.00
learning sup-  assistance 025 0.43 225 043 225 043 2,500 0.83 225 043
t
pors exchange options 250  0.50 3.00 0.00 1.75 043 2.00  0.00 225 043
teacher feedback 0.00  0.00 4.00  0.00 3500 0.83 3.00 0.00 275 043
learning paths compensating 1.75 043 375 043 325 043 1.75 043 1.75  0.43
profiling 1.75 043 1.00  0.00 1.75 043 3.00 0.00 3.00 0.00
self-differentiating 4.00  0.00 2.00  0.00 1.00  0.00 3.00 0.00 375 043

5-level rating scale (from 0 = do not agree to 4 = agree strongly); = According to Burke et al. (1999), the ADy index (average
absolute deviation) shows no essential agreement.

To explain the results by example, the first column (confrontation task) is described in more detail (Tab. 1). The
detailed description is mainly focused on scale values that show considerably (3) to strongly (4) agreement. According
to the scale values proposed by the experts in the scale chart of competencies, confrontation tasks are integrative (3.50).
This implies that the confrontation task includes as many aspects as possible of one or more sub-competencies defined
by the curriculum. As per the scale relationship to daily life, the confrontation task is either constructed (2.74) or authentic
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(3.00). This means the confrontation task has, according to the expert proposal, either a context that may be relevant
to learners in future, or a constructed one. Looking at the scale learners” conceptions, raise (4.00) has the highest scale
value. This means it is central that learners come up with their own solution ideas and communicate them in a con-
frontation task. According to the scale values in the scale &nowledge, conceptual knowledge (4.00) and, to a smaller
extent, metacognitive knowledge (3.00) apply in the confrontation task. As per the scale knowledge activities, the highest
scale value reaches the subscale creation (4.00). Consequently, a confrontation task, according to the experts consulted,
enables and fosters creativity in learners. The scale fors of representation shows, with its scale value 2.25, that a confron-
tation task is moderately transformed. According to the scale Zask gpenness, a confrontation task has a rather undefined
solution procedure (3.00), and the solution is diverse (4.00). However, the editing is structured (3.50). The scale fearning
supports displays an expectation of exchange opportunities for confrontation tasks (3.50), but no assistance nor teacher
feedback. Finally, the scale values of the scale learning paths are proposed for confrontation tasks to be self-differenti-
ating (4.00). This means a confrontation task allows various levels of abstraction and can be solved with a range of
prior knowledge.

4.2 Scale value comparison
Figure 2 presents, by way of example, an assessment of confrontation tasks. In the first column, the experts’ mean

scale value proposals are shown. The second column displays the mean scale values of all the rated confrontation tasks
(n = 25) in the MINT wunterwegs project.

29 @0
Bl Z2:0 2
3 2h s
1] L s o
& 5% § s g
o G o 8 =
58 == . Tz
22 ZE4 53
o > & n 8 £ 2
Scale Subscale M SD M  SD Point diff. Colour scale
chart of competencies  singular 0.00  0.00 0.63 0.96 -0.63
additive 1.25 043 2.47 1.48 -1.22
integrative 3.50 0.50 1.08 1.13 2.42
relationship to daily life constructed 2.75 043 1.73 1.17 1.02
authentic 3.00 0.00 2.69 1.04 0.31
real 1.75 0.43 1.53 1.11 0.22
learners’ conceptions raise 4.00 0.00 3.52 0.45 0.48
check 0.00  0.00 0.96 0.88 -0.96
reflect 0.50 * 0.87 0.93 0.76 -0.43
knowledge factual knowledge 1.00  0.00 2.43 0.83 -1.43
procedural knowledge 2.00 0.00 1.77 1.31 0.23
conceptual knowledge 4.00 0.00 2.95 044 1.05
metacognitive knowledge 3.00 0.00 0.57 0.72 2.43
knowledge activities reproduction 1.00 0.00 1.11 0.97 -0.11
transfer 1.00 * 0.87 1.97 1.11 -0.97
creation 4.00 0.00 2.16 1.08 1.84
forms of representation transform 2.25 043 2.02 0.98 0.23
task openness solution procedure undefined 3.00 0.00 2.92 0.69 0.08
result diverse 4.00 0.00 2.58 1.13 1.42
editing structured 3.50 0.50 2.78 1.01 0.72
learning supports assistance 0.25 0.43 0.84 0.67 -0.59
exchange options 2.50 0.50 3.19 0.88 -0.69
teacher feedback 0.00 0.00 1.23 0.89 -1.23
learning paths compensating 1.75  0.43 1.21 1.15 0.54
profiling 1.75 043 1.29 1.12 0.46
self-differentiating 4.00 0.00 2.60 0.87 1.40
Comment: 5-level rating scale Colour scale regarding to
* According to Burke et al. (1999), the AD, index 4 agree strongly integer point difference
(average absolute deviation) shows no essential 3 agree considerably 0
agreement. 2 agree moderately 1/-1
1 agree slightly 2/-2
0 do not agree 3/-3
DEN

Fig. 2. Scale value comparison: assessment of confrontation tasks by the expert proposals and rated confrontation
tasks (# = 25)
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In the third column, the experts’ proposed scale values ate compared to the scale values of the rated STEM tasks. The
assessment shows substantial-to-petfect matches (the integer point difference is between 0 and -1 or 1) for all subscales,
except for the subscales: chart of competencies - integrative (point difference = 2.42), metacognitive knowledge (point difference
= 2.43) and knowledge activities - creation (point difference = 1.84).

The scale values with a substantial-to-perfect match between the experts’ proposals and the task rating deviate by an
integer point difference of -1 or 1. The scale values matching moderately have scale values with an integer point
difference of -2 or 2. No slight matches (integer point differences = 3/-3) not poor matches (integer point differences
= 4/-4) are present. To cleatly and visually display the matches identified (integer point difference), we have introduced
a “traffic light” colour-coding system (Fig. 2 Colour scale).

5 Discussion and Conclusions

In this study, a panel of experts was consulted to characterize each task type in the Learning Process Model by scale
expressions from the Instrument to Analyse Tasks (IAT) (Tab. 1). This study’s results make it evident that experts can
propose different task types and that they agree on most of the scale expressions. In the second part, confrontation
tasks from the MINT unteregs project were analysed. For this purpose, the potential of task quality was assessed with
the IAT. Subsequently, the rated tasks were compared with the experts’ proposals (Fig. 2). The results show that the
tasks rated correspond to a large extent with the experts’ proposals. The scale value differences are produced in the
form of an integer colour scale (0 to 4). With this “traffic light” system, a quick overview of the differences of the rated
tasks from the expert proposal becomes visible. These variations can be analysed qualitatively to revise the observed
tasks based on criteria and optimise them for the learning process.

Interpretation of the findings

To answer the first research question: What scale values of the LAT do experts propose to characterize the various Learning Process
Model task types?, the mean of the expert proposals was calculated for each task type’s subscales (Tab. 1). Except for a
few scale values (e.g., learners’ conceptions - reflect) (Tab. 1), the different experts proposed the scale values quite congru-
ently. The different scale values across the task types indicate that the task types of the Learning Process Model can
be distinguished from one another (Fig. 1). This means that a distinction between different task types is possible, as
described by Luthiger et al. (2018). Furthermore, this is also accentuated by Abraham and Miiller (2009) and by Biichter
and Leuders (2000). It is noted that the experts do not have a homogeneous scale values proposal in some task types.
Therefore, a further survey of the experts’ proposals would be welcome (Diaz-Bone & Weischer, 2015, p. 83).

The answer to the second question: How do the scale values gained from analysing confrontation tasks differ from the experts’ scale
values? is displayed in Figure 2. The presented results compare the scale values obtained in the two approaches. There
are many substantial-to-perfect matches between the experts’ characterisations of the confrontation task and the rated
tasks, which indicates a high agreement between the two approaches. A perfect match (integer point difference of 0)
is visible in the subscales:

o velationship to daily life - anthentic

o relationship to daily life - real

®  Jearners’ conceptions - raise

o Jearners’ conceptions - reflect

o knowledge - procedural knowledge

o knowledge activities - reproduction

®  forms of representation - transform

task openness - solution procedure undefined

learning paths - profiling

Some subscales, however, demonstrate differences from the experss’ proposal. These differences can be used to improve
the analysed tasks according to the experts’ characterization of a confrontation task. So, this analysis and the subse-
quent revision of the tasks certainly serves as an important step for planning general pedagogy and subject-specific
education (Reinftried, 2016, p. 12).

In cases where the match is only “moderate” (integer point difference of 2), one can think about the reasons for this
discrepancy between the expert’s proposal and the tasks rating. For instance, why does the infegrative subscale of the
chart of competencies scale with a point difference of 2.42 display such a high deviation between the experts’ proposal and
the task rating? One reason may be that the two subscales znzegrative and additive are quite close to one another, as there
is only a small difference in content between the wording “several aspects of one or more sub-competencies” and “as
many aspects of one or more sub-competencies as possible”. In addition, experts propose a confrontation task to be
integrative (M = 3.50); the empirical finding, however, shows most confrontation tasks to be additive. This discrepancy
may also reflect the fact that it is very demanding to formulate a confrontation task involving as many aspects on one
or more sub-competencies as possible, leading to several aspects of one or more sub-competencies and consequently
being rated as additive (M = 2.47). People developing learning tasks should be advised to keep this in mind and to
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choose confrontation tasks with as many aspects of one or more sub-competencies as possible. The metacognitive
fknowledge subscale within the &nowledge scale matches moderately well, with a point difference of 2.43. Several reasons
may explain this difference. First, it may be that, in the experts’ proposal, both the conceptual knowledge (point difference
of 1.05) and the metacognitive knowledge (point difference of 2.43) subscales are rated higher than the analysed tasks,
whereas the rating of the procedural knowledge (point difference of 0.23) is similar in both methods and the factual knowledge
(point difference of -1.43) is higher in the actual tasks analysed than in the experts’ proposal. The discrepancies between
the experts’ proposals and the analysed tasks may be explained, therefore, by the fact that it is far easier to create tasks
dealing with factual knowledge and procedural knowledge compared to conceptual knowledge or metacognitive
knowledge. The high expert weightings may be explained by the fact that the experts are familiar with research results
showing the importance of conceptual knowledge and metacognitive knowledge (Briichner, 2007; Kaiser & Kaiser,
2018). Second, metacognitive knowledge may be very hard to implement in tasks and therefore has a lower scale value
in the task analysis. In both cases, it may help to point out to people developing learning tasks the advantage of
involving metacognitive knowledge very consciously in confrontation tasks.

Limitations of the study and implications for research

In this study, four experts were consulted to characterize the various Learning Process Model task types. To generalize
the characterization of the task types even more, a survey with further experts could be considered.

The confrontation tasks analysed were constructed and labelled as confrontation tasks by the MINT unterswegs group of
authors. In this study, the mean of all assigned confrontation tasks was compared with the characterisation of a con-
frontation task made by experts. In addition, single confrontation tasks could be put in focus. Then, it may happen
that an assigned confrontation task might not correspond to a confrontation task according to the experts’ task char-
acterization, but matches better with, for example, an exercises task. Whether such discrepancies exist and, if so, to
what extent, might be the topic of further research using cluster analyses.

Future research might focus on individual task types in task sets along with analyses of any science tasks (e.g., in
textbooks) or tasks from other subjects. Furthermore, it would be interesting to analyse and compare task sets from
other educational systems (e.g., outside Switzerland), while being aware that these tasks were not developed according
to the LUKAS model. So far, the evaluation of the confrontation tasks has been done descriptively. Further conclu-
sions and statements might be formulated using inferential statistics.

With the theoretical task setting in Table 1, existing category systems were operationalised, and individual subscales
wete assigned to a task type in the Learning Process Model (Bolsterli Bardy & Wilhelm, 2018; Luthiger et al., 2018).
This normative posting is based on scientific work (Blémeke et al., 2006; de Haan, 2009; Jordan et al., 2006; Krabbe
et al., 2015, 2015; Lersch, 2010; Maier et al., 2014; Neubrand, 2002; Reusser, 2014). A meta-analysis of the individual
scales and subscales could further validate the IAT.

Additionally, only the theoretical potential of the tasks is determined in this project. So far, no studies about the learning
progression or the learners’ curiosity or motivation using analysed tasks have been carried out. The IAT can be used
to measure the potential of science tasks in nine quality dimensions according to Stuppan et al. (in press). Indeed, there
may be other scales and subscales also contributing to the characterization of task types. For example, Maier et al.
(2010) analysed the dimension: sprachlogische Komplexitat (“linguistic complexity”) in their category system, while
Blomeke et al. (2006) examined Chance auf Bewiltignng (“likelihood of coping”) in their work.

In addition, teachers embed tasks in their lessons (Blomeke et al., 2006). Consequently, we expect some differences
when analysing tasks by themselves (Fig. 2) versus embedded in education. Therefore, research is also foreseen to
investigate the effect of tasks in class.

Potential of the IAT in the future

The IAT and the experts’ proposals can be used in future development projects dealing with tasks (by publishers of
teaching materials, textbook authors, etc.). An iterative development process in the field, as pursued by the design-
based research approach in research design (Baumgartner et al., 2003; Reinmann, 2005), and multiple additional uses
of the IAT, contribute to revising the quality of the tasks according to the intended task type.

The IAT can be used to analyse single tasks and determine the deviation between the experts’ proposal and the single
task or the deviation between the rating of the tasks compared to a single task. So, for each task, an assessment could
be created and evaluated accordingly.

The assessment of task quality is a central element of teachers’ diagnostic competence. With the IAT and the experts’
proposal, this competence can be trained. For example, the quality of tasks from didactic materials can be analysed
with teachers in training, whether in degree programmes or continuing professional development settings, and sugges-
tions for their further development and optimisation can be discussed and explored (Maier et al., 2010, pp. 73-74;
Reinftied, 2016, p. 13).

We consider the modularity of the IAT a promising approach to help sharpen the function of different task types in

the learning process. Hopefully, the presented work will enrich the dialogue around the central function of tasks in
education.
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Supplementary materials

In the following, we compare the task types from the MINT unterwegs project to the expert proposals, in the same way
as the confrontation task (Fig. 2): development task, exercises task, synthesis task and transfer task.
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= S5 8 g 3
Scale Subscale M SD M SD Point diff. Colour scale
chart of competencies  singular 2.00 0.00 0.90 1.31 1.10
additive 3.00 0.00 2.63 1.50 0.37
integrative 2.00 0.00 0.78 1.07 1.22
relationship to daily life constructed 375 0.43 2.06 1.16 1.69
authentic 2.00 0.00 2.43 0.99 -0.43
real 1.00 0.00 1.40 1.08 -0.40
learners’ conceptions raise 3.50* 0.87 3.28 0.73 0.22
check 4.00 0.00 2.03 1.17 1.97
reflect 3.00 0.00 1.29 0.83 1.71
knowledge factual knowledge 325 043 2.40 0.95 0.85
procedural knowledge 3.00 0.00 2.77 1.04 0.23
conceptual knowledge 4.00 0.00 2.71 0.77 1.29
metacognitive knowledge 3.00 0.00 0.40 0.54 2.60
knowledge activities reproduction 2.00 0.00 1.21 0.79 0.79
transfer 3.00 0.00 2.02 0.96 0.98
creation 0.00 0.00 1.25 0.92 -1.25
forms of representation transform 1.25 0.43 2.63 1.00 -1.38
task openness solution procedure undefined 1.00  0.00 1.75 1.22 -0.75
result diverse 1.00  0.00 1.49 1.26 -0.49
editing structured 325 043 3.04 0.94 0.21
learning supports assistance 2.25 043 1.46 1.18 0.79
exchange options 3.00 0.00 2.55 1.15 0.45
teacher feedback 4.00 0.00 1.31 1.21 2.69
learning paths compensating 375 0.43 2.72 0.87 1.03
profiling 1.00  0.00 1.37 1.11 -0.37
self-differentiating 2.00  0.00 2.38 0.91 -0.38
Comment: 5-level rating scale Colour scale regarding to
* According to Burke et al. (1999), the ADy, index 4 agree strongly integer point difference
(average absolute deviation) shows no essential 3 agree considerably 0
agreement. 2 agree moderately 1/-1
1 agree slightly 2/-2
0 do not agree 3/-3
IE

Fig. 3. Scale value comparison: assessment of development tasks by the experts’ proposal and rated development tasks
(n=52)
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Scale Subscale M SD M  SD Point diff. Colour scale
chart of competencies  singular 3.00 0.00 0.74 1.04 2.26
additive 2.00 0.00 2.96 1.22 -0.96
integrative 0.00 0.00 0.99 1.05 -0.99
relationship to daily life constructed 2.25  0.43 226 1.11 -0.01
authentic 1.75  0.43 2.10 0.88 -0.35
real 1.00 0.00 0.99 0.98 0.01
learners’ conceptions  raise 2.50 0.50 3.29 0.51 -0.79
check 3.00 0.71 2.15 1.03 0.85
reflect 1.75  0.43 1.25 0.74 0.50
knowledge factual knowledge 325 043 2.75 0.55 0.50
procedural knowledge 3.00 0.00 2.14 1.13 0.86
conceptual knowledge 2.75 0.43 2.88 0.64 -0.13
metacognitive knowledge 2.00 0.00 0.58 0.76 1.42
knowledge activities reproduction 4.00 0.00 1.88 0.91 2.12
transfer 2.50 0.50 2.47 0.82 0.03
creation 0.00 0.00 1.28 0.98 -1.28
forms of representation transform 2.00 0.00 2.36 0.95 -0.36
task openness solution procedure undefined 1.00  0.00 2.13 1.15 -1.13
result diverse 0.00 0.00 1.39 1.11 -1.39
editing structured 2.25 0.43 2.77 0.86 -0.52
learning supports assistance 2.25  0.43 1.39 1.05 0.86
exchange options 1.75 043 3.02 1.08 -1.27
teacher feedback 3.50* 0.83 1.40 1.16 2.10
learning paths compensating 325 043 2.58 0.61 0.67
profiling 1.75 043 1.38 1.15 0.37
self-differentiating 1.00 0.00 2.10 1.10 -1.10
Comment: S-level rating scale Colour scale regarding to
* According to Burke et al. (1999), the ADy, index 4 agree strongly integer point difference
(average absolute deviation) shows no essential 3 agree considerably 0
agreement. 2 agree moderately 1/-1
1 agree slightly 2/-2
0 do not agree 3/-3

Fig. 4. Scale value comparison: assessment of exercises task by the experts’ proposal and rated exercises tasks (# = 33)
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Scale Subscale M SD M SD Point diff. Colour scale
chart of competencies  singular 0.50 0.00 0.87 1.33 -0.37
additive 1.00* 0.87 2.08 1.52 -1.08
integrative 3.50 0.50 1.49 1.48 2.01
relationship to daily life constructed 275 043 2.03 1.14 0.72
authentic 3.00 0.00 2.56 0.67 0.44
real 1.25 0.43 1.05 1.16 0.20
learners’ conceptions  raise 4.00 0.00 3.62 0.51 0.38
check 225 043 1.77 0.95 0.48
reflect 1.50 * 1.22 1.67 0.75 -0.17
knowledge factual knowledge 2.25 043 2.90 0.39 -0.65
procedural knowledge 2.00 0.00 1.77 1.24 0.23
conceptual knowledge 2.50* 0.87 3.23 048 -0.73
metacognitive knowledge 3.00 0.00 0.79 0.94 2.21
knowledge activities reproduction 3.00 0.00 1.90 0.76 1.10
transfer 3.00 0.00 2.44 1.19 0.56
creation 2.00 0.00 0.96 0.80 1.04
forms of representation transform 3.00 0.00 2.29 0.98 0.71
task openness solution procedure undefined 3.00 0.00 2.08 1.18 0.92
result diverse 2.25 043 1.63 1.12 0.62
editing structured 3.00 0.00 2.96 0.73 0.04
learning supports assistance 2.50* 0.83 1.49 0.97 1.01
exchange options 2.00 0.00 292 1.20 -0.92
teacher feedback 3.00 0.00 1.62 1.20 1.38
learning paths compensating 1.75 0.43 2.62 0.73 -0.87
profiling 3.00 0.00 1.59 1.21 1.41
self-differentiating 3.00 0.00 2.67 1.13 0.33
Comment: 5-level rating scale Colour scale regarding to
* According to Burke et al. (1999), the ADy index 4 agree strongly integer point difference
(average absolute deviation) shows no essential 3 agree considerably 0
agreement. 2 agree moderately 1/-1
1 agree slightly 2/-2
0 do not agree 3/-3

Fig. 5. Scale value compatison of the scale values: assessment of synthesis task by the experts’ proposal and rated
synthesis tasks (7 = 13)
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Scale Subscale M SD M SD Point diff. Colour scale
chart of competencies  singular 0.00 0.00 0.74 1.13 -0.74
additive 2.00 0.00 2.62 1.48 -0.62
integrative 3.50 0.50 1.57 1.60 1.93
relationship to daily life constructed 275 043 2.07 1.26 0.68
authentic 3.00 0.00 2.21 1.08 0.79
real 2.00 0.00 1.21 1.08 0.79
learners’ conceptions  raise 3.00 0.00 3.33 0.45 -0.33
check 2.00 0.00 2.14 0.79 -0.14
reflect 1.00 * 0.87 1.79 0.66 -0.79
knowledge factual knowledge 1.00 0.00 2.98 0.44 -1.98
procedural knowledge 2.00 0.00 2.76 1.08 -0.76
conceptual knowledge 3.00 0.00 3.26 0.53 -0.26
metacognitive knowledge 4.00 0.00 0.79 0.92 3.21
knowledge activities reproduction 1.75  0.43 1.93 0.90 -0.18
transfer 4.00 0.00 2.80 1.10 1.20
creation 2.25 043 1.55 0.88 0.70
forms of representation transform 3.75 0.43 2.30 1.24 1.45
task openness solution procedure undefined 3.00 0.00 2.45 1.30 0.55
result diverse 3.00 0.71 1.80 1.28 1.20
editing structured 2.00 0.00 2.59 1.02 -0.59
learning supports assistance 2.25 043 1.57 1.25 0.68
exchange options 225 043 3.19 0.74 -0.94
teacher feedback 2.75 043 1.57 1.36 1.18
learning paths compensating 1.75 0.43 2.81 0.45 -1.06
profiling 3.00 0.00 1.62 1.25 1.38
self-differentiating 375 0.43 2.38 0.85 1.37
Comment: 5-level rating scale Colour scale regarding to
* According to Burke et al. (1999), the ADy, index 4 agree strongly integer point difference
(average absolute deviation) shows no essential 3 agree considerably 0
agreement. 2 agree moderately 1/-1
1 agree slightly 2/-2
0 do not agree 3/-3

Fig. 6. Scale value comparison: assessment of transfer task by the experts’ proposal and rated transfer tasks (7 = 14)
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