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Abstract: Integrated language, science and technology (ILS&T) instruction is a complex task for pri-
mary school teachers that requires professional development. Task-centered educational approaches
such as the four-component instructional design (4C/ID) model are well suited for the development
of complex professional skills. This article describes the application of the Ten Steps approach to the
4C/ID model in the domain of teacher education. The findings describe a blueprint for a 4C/ID-based
teacher professional development program aimed at equipping in-service primary school teachers
with the competences for ILS&T instruction, which can support instructional designers, teacher
educators and researchers in making informed instructional design decisions.

Keywords: instructional design; complex task; four-component instructional design; language
education; science and technology education; teacher professional development; TPD

1. Introduction

In science and technology (S&T) education, students develop knowledge of the nat-
ural and material environment, skills for scientific inquiry and technological design, and
a critical, curious and investigative attitude [1]. Researchers have recently advocated the
integration of S&T instruction in primary schools with core subjects such as language. It is
assumed that integrated language, science and technology instruction (ILS&T) will be more
appealing for primary school teachers and increase the time teachers spend on S&T educa-
tion [2,3]. Moreover, studies have shown that an integrated approach can improve students’
learning outcomes for both subjects [4,5]. This may be due to the important role of language
in developing an understanding of the scientific and technological world, which is em-
phasized by constructivist and sociocultural theories of learning [6,7]. Moreover, scientific
and engineering practices include both linguistic and epistemic aspects, such as engaging
in evidence-based argument and communicating information [1,8]. Thus, language and
S&T instruction share many (meta)cognitive and intellectual processes (e.g., predicting or
making inferences), allowing for a reciprocal relationship.

However, capitalizing upon the reciprocal relationship between language and S&T
when teaching ILS&T is a complex task for teachers, because it requires the coordination
and integration of knowledge, skills and attitudes. Teachers need to recognize meaningful
connections between the concepts and processes in both subjects and build upon this
synergistic relationship to enhance learning in both subjects [9,10]. Moreover, studies
have shown that S&T instruction is itself already a complex task for teachers, as they
often lack the necessary preparation in this area during their initial teacher training [11].
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Consequently, many teachers feel unable to effectively support S&T learning due to a
lack of content and pedagogical content knowledge [12,13]. To add to this challenge,
the primary school curriculum often emphasizes language and mathematics, and most
schools implement structured lesson plans (e.g., textbook, worksheets) for these core
subjects. Consequently, language (arts) is mostly taught separately from S&T (or science
and engineering) instruction. At the same time, teachers have a difficult time recognizing
the opportunities for developing language skills in S&T instruction. Finally, due to a lack
of ILS&T instructional material, teachers are required to (re)design lessons, which is often a
skill not adequately developed during their initial teacher training. For example, teachers
need to choose suitable (knowledge-) rich texts that offer accurate descriptions of scientific
or technological phenomena [14]. Due to this complexity, researchers have stressed the need
for teacher professional development (TPD) to effectively equip teachers for this task [15,16].
Yet, there is little systematic knowledge about the required pedagogical repertoire of
teachers in this context and how teachers can effectively be supported through TPD.

Various TPD programs have been designed to prepare in-service teachers for ILS&T
instruction (see [16,17]). However, these programs show a lot of variation, and they
often focus on fragmented aspects of the required teacher competencies, such as scientific
argumentation [17], interaction skills [18] or scaffolding skills [19], or are limited to only
one range of language skills, such as oral language [20]. Moreover, these studies often
provided minimal substantiation for design decisions regarding the learning content and
instructional method of the TPD programs. Consequently, it is not possible to trace why
certain choices were made, and whether these choices were based on well-founded research
or theory. This indicates that systematic knowledge of the required pedagogical repertoire
and of how teachers can be equipped with it is still lacking due to the complex nature
of the task.

1.1. Four-Component Instructional Design

To meet the challenge of designing a well-substantiated TPD program that is suitable
for developing complex skills, a systematic and substantiated learning model was chosen
in this study to equip in-service primary school teachers for ILS&T instruction. The
four-component instructional design (4C/ID) model by van Merriënboer [21] is a well-
established model for instructional design focused on whole-task authentic learning with
a strong research base, which combines theoretical insights with empirical insights on
expert performance [22,23]. The 4C/ID model is a task-centered model that is well suited
for learning complex skills, because this approach confronts learners with learning tasks
that stimulate the integration of knowledge, skills and attitudes [24,25]. Task-centered
instructional approaches stimulate the transfer of learning (instead of fragmentation) and
provide variability during task practice that is representative of the tasks that must be
completed in one’s daily practice [24,26,27]. As a result, learners develop mental models
and cognitive strategies that allow for problem solving and decision making in various
situations. The 4C/ID model consists of four building blocks: learning tasks, supportive
information, procedural information and part-task practice. Learning tasks are concrete,
whole-task experiences that are authentic for one’s practice and are arranged from simple
to complex. Supportive and procedural information helps learners to develop mental
models and cognitive strategies. Finally, part-task practice stimulates the automation
of cognitive schemas and procedures. The 4C/ID model has been applied in various
contexts, including teacher education [28,29]. Using the 4C/ID principles as the foundation,
the Ten Steps approach by van Merriënboer and Kirschner [24] provides guidelines for
the development of a task-centered educational program. This approach describes how
required competencies for a complex task can be uncovered through a cognitive task
analysis (CTA) of expert behavior. It then shows how the outcomes of a CTA can be used
as the foundation for instructional design of a 4C/ID-based program.
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1.2. Ten Steps to Complex Learning

The Ten Steps approach by van Merriënboer and Kirschner [24] describes 10 instruc-
tional design activities that lead to an educational blueprint. Figure 1 presents the four
main components of the 4C/ID model and the corresponding 10 design steps. The four
components are designed to facilitate four essential learning processes in complex learning:
inductive learning, elaboration, rule formation and rule strengthening. Inductive learning
is a process in which learners construct cognitive schemas from concrete experiences and
examples. This is achieved with learning tasks (component 1) created by the designer,
which are grouped together in task classes based on equal levels of complexity. Within a
task class, learning tasks show variability that resembles the variety of professional tasks
encountered in actual practice, which stimulates the transfer of learning [27]. When learners
engage in learning tasks in a new task class, they receive strong support and guidance,
which is gradually withdrawn as learners acquire more expertise. Through elaboration,
learners construct cognitive schemas by linking new information to their prior knowledge,
by studying supportive information (component 2). The supportive information is often
referred to as the theory, which is aimed at the non-recurrent aspects of the task (e.g., prob-
lem solving, reasoning and decision making). This includes information needed to develop
mental models and cognitive strategies that learners need to complete the learning task.
Rule formation is a process aimed at the routine aspects of the task that are similar across
different learning tasks. These cognitive rules, consisting of if–then constructions, facilitate
the automation of schemas and are presented as procedural information (component 3).
Finally, the process of rule strengthening is realized through repeated part-task practice
(component 4), when a high level of automaticity is required for a particular recurrent
aspect of the task.

Figure 1. Components of 4C/ID and application of the steps to complex learning in this study.
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This article presents the instructional design of a 4C/ID-based TPD program aimed at
equipping in-service primary school teachers for ILS&T instruction [24]. It describes how
the guidelines of the 4C/ID model were applied in the context of the complex task of ILS&T
instruction, and how the instructional design steps were translated into a practical blueprint
for a TPD program. As such, this article addresses the following question: what are the
characteristics of a 4C/ID-based TPD program aimed at equipping in-service primary
school teachers for the complex task of ILS&T instruction?

2. Materials and Methods

The Ten Steps approach by van Merriënboer and Kirschner [24] was used to design
a 4C/ID-based TPD program aimed at equipping in-service primary school teachers for
ILS&T instruction (see Figure 1). This study was conducted in the Netherlands, and
therefore the program was designed to align with the Dutch educational school system.
While the content of the program should be tailored to the educational context of specific
countries, it can be assumed that the blueprint of the program design is applicable to any
educational context. Here, we describe the procedures that were followed by the design
team (i.e., the authors) during the instructional design process.

2.1. Cognitive Task Analysis

The outcomes of a cognitive task analysis (CTA) were the foundation for the design
of this TPD program. The CTA was performed to deduce how expert ILS&T teachers
make decisions while performing their complex task. The procedures and results were
described in detail by Knoef et al. [30]. The CTA consisted of a literature review and lesson
observations, followed by semi-structured interviews using stimulated recall with nine
primary school ILS&T teachers. The CTA procured accurate cognitive and procedural
information about teachers’ actions, which resulted in a definition of the “whole task” of
ILS&T instruction, captured in the skills hierarchy depicted in Figure 2. In the current
study, this information was used as input for the design of learning tasks (step 1). The
constituent skills at their most detailed level (see numbered skills in Figure 2) formed the
basis for the design of performance standards (step 2). Additionally, the CTA showed what
knowledge teachers relied on while teaching ILS&T, which provided input for the design
of supportive information (steps 4–6), such as cognitive strategies and rules of thumb used
by the teachers.

2.2. Step 1: Design Learning Tasks

The first step of the 4C/ID model is to specify authentic learning tasks (i.e., projects,
tasks, problems or other assignments) that correspond to situations that are encountered
in real life. The learning tasks in the instructional design of this TPD program aimed to
address teaching ILS&T, which is an inherently complex task. Complex learning aims
to integrate the required knowledge, skills and attitudes for a task, which means that
learning tasks should require learners to acquire (almost) all constituent skills. The first
step in the instructional design process therefore involved the development of learning
tasks based on real-life professional teacher tasks, involving all non-routine and routine
aspects of the task. The results of the CTA were used as a touchstone in the design of
these learning tasks. This means that the learning tasks aimed to engage teachers in all
constituent skills listed in Figure 2. In line with the principles of the whole-task approach,
learners should not be taught how to perform fragmented aspects of the task, but rather
to perform the task as a whole, right from the start. Addressing the constituent skills
separately would not make sense in many cases, as the constituent skills are all intertwined.
Therefore, learning tasks engaged teachers in variations of whole-task practice tasks. The
learning tasks included concrete experiences to facilitate inductive learning. To enhance
the transfer of learning [27], the learning tasks varied in the included practices, meaning
that the learning tasks differed from each other with regard to aspects of language learning
(i.e., reading or writing), and/or levels of learner support and guidance. While starting
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out, teachers require high levels of support, which needs to be diminished over time to
stimulate independent mastery of the task. Therefore, learning tasks were designed to
progress from studying modelling examples (i.e., a videotaped example of an experienced
teacher) to case study assignments (e.g., guided practice by redesigning instructional plans),
to conventional tasks (i.e., independent application in their own classroom).

Figure 2. Skills hierarchy for ILS&T instruction [30].

2.3. Step 2: Design Performance Assessments

Formative assessment plays a crucial role in the 4C/ID model. The focus is on
improving learning by monitoring teachers’ current level of performance, rather than on
emphasizing the performance itself. To formulate clear standards for teachers’ desired
ability after engaging in the TPD program, the skills hierarchy resulting from the CTA was
used as the primary input for the design of performance assessments, as it shows what
skills teachers require to execute the complex task. As a result, 18 performance indicators
were designed to reflect the constituent skills at the most detailed level. Performance
assessments in the context of the 4C/ID model typically include scoring rubrics, which
clearly describe the standards for acceptable performance of the constituent skills of a task.
We determined that four levels of performance should be defined for each indicator. To
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identify each of the four levels, the descriptions of the constituent skills resulting from the
CTA as well as from the literature were first used to clearly define each indicator. This
resulted in a description of the ideal and desired level of performance of the constituent
skill, which is the highest level (i.e., level 4). At the lowest level, the teacher does not
demonstrate mastery of the constituent skill at all. The second and third levels indicate
that there is room for improvement, meaning that teachers do demonstrate the ability to
perform the skill to some degree, but can make improvements to demonstrate the desired
level of performance. The formulation of the four levels of performance for all 18 indicators
involved an iterative process of formulating and discussing, until consensus was reached
between the authors.

2.4. Step 3: Sequence Learning Tasks

The 4C/ID model advocates sequencing learning tasks according to task classes to
avoid cognitive overload due to straining working memory. The intrinsic cognitive load,
which is related to the direct function of performing the task, is controlled by grouping
learning tasks based on similar levels of complexity and ordering them from simple to
complex. In this way, learners can first practice with simpler versions of the whole task
and gradually move to more complex versions of the task after gaining more expertise. In
the instructional design of this TPD program, it was not possible to manipulate teachers’
professional context (i.e., the primary classroom), nor was it deemed feasible to work
with computer-based simulations due to their low fidelity with the real-life task. In cases
such as these, the emphasis manipulation approach offers a sound alternative [31–33].
This approach was used to cluster constituent skills that were similar in characteristics, to
distinguish task classes that allocate emphasis to a certain aspect or a cluster of aspects
of the task. This led to four task classes that were focused on (1) the preparation phase,
(2) the introduction and ending of the lesson, (3) supporting students during the lesson
and (4) monitoring and evaluation. These task classes were consequently translated into a
sequence of TPD meetings.

2.5. Steps 4–6: Design Supportive Information

The CTA demonstrated that the whole task of teaching ILS&T involves many non-
routine aspects, which require teachers to engage in reasoning, decision-making and
problem-solving. These processes differ in different contexts. Therefore, one of the four
main components of the 4C/ID model refers to designing supportive information that
helps learners perform non-routine aspects of the task. The presentation of supportive
information is aimed at promoting schema construction, often referred to as “the theory”.
This information consists of cognitive strategies (rules of thumb, or systematic approaches
to problem-solving [SAP]), knowledge of how a domain is organized (domain models)
and cognitive feedback provided by experts. Thus, supportive information is the body of
knowledge that learners rely on while performing the learning tasks. Moreover, there is a
reciprocal relationship between cognitive strategies and domain models because learners
(in this case, the teachers) need domain models to apply cognitive strategies. The results of
the CTA were used to determine what supportive information the teachers would need
for successful task performance. The CTA results described the approaches taken by
expert teachers to perform the constituent skills. For example, the definition of scaffolding
indicated the procedures that teachers need to follow to determine and offer the appropriate
scaffold. These procedures were translated into concrete steps that resulted in the SAP
for scaffolding. Likewise, the CTA results described how expert teachers determine what
learning goals to address in their ILS&T lessons. Here, the approaches of the expert teachers
varied and did not follow systematic steps, which is why rules of thumb were identified.
All supportive information was consequently processed into concrete materials that can be
provided to teachers during the TPD program.
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2.6. Steps 7–10: Design Procedural Information

In the context of the 4C/ID model, procedural information helps teachers to perform
the non-routine, recurrent aspects of the task that require automation. The CTA revealed
that the constituent skills in Figure 2 are all non-routine by nature. However, while teaching
ILS&T, teachers may need to rely on other routine skills. In the context of ILS&T, routine
skills may refer to classroom management or direct instruction skills for language or S&T.
These skills are not distinctive for ILS&T instruction and were therefore not identified in
the CTA and not included in the TPD.

3. Results
3.1. Learning Tasks

It was determined that the TPD program should be immersive and practice-based.
Rather than listening to lectures, teachers should be engaged in active learning through
practice tasks (e.g., adding language learning goals to an existing lesson plan for S&T in-
struction) and interactive discussions (e.g., about the added value of ILS&T instruction).
The learning tasks were designed to address the planning and implementation of ILS&T
instruction, and the application of newly acquired knowledge and skills in practice. Dur-
ing practice tasks, teachers’ experiences were to be used as a resource for learning new
information. In line with the literature on the 4C/ID model, which states that learning
tasks should resemble real-life professional tasks, various versions of practice tasks were
designed that would engage teachers in realistic, whole-task assignments. Furthermore, the
learning tasks progressed from assignments that included high support to those with lower
amounts of support. To this end, learning tasks were designed to first engage teachers in
studying modelling examples. In this program, a modelling example refers to a video of an
experienced teacher, who serves as a role model, and demonstrates specific aspects of the
whole task. In these videos, teachers also explain why they made a certain decision in class
while teaching ILS&T or used a certain approach, to reveal their hidden thinking processes.
Consequently, case study assignments were developed that would allow teachers to con-
duct guided practice. Such case study assignments often involve studying and redesigning
instructional plans and assignments for ILS&T instruction. For example, a case study could
involve an existing ILS&T lesson plan, requiring teachers to determine suitable scaffolding
strategies to support student learning. Finally, learning tasks were designed to progress to
conventional tasks that include independent preparation and application in the classroom.
Thus, teachers are encouraged to integrate language into their weekly S&T lessons, or vice
versa. In line with the 4C/ID model, this allows for careful support and guidance.

3.2. Performance Assessment

A performance objective was formulated for each constituent skill depicted in Figure 2.
In this way, the integrated set of standards resembles the various aspects of successful
teacher task performance. Based on the results from the CTA, 18 standards were formulated
that could be rated on a four-point scale ranging from 1 (point for improvement) to 4
(excellent). The standards were combined into a scoring sheet to be shared with the trainers
and primary school teachers at the start of the TPD program, such that teachers learn
from the start “what high-quality ILS&T looks like”. An example of the performance
standard for interaction skills is as follows: ‘The teacher asks open-ended questions during
interactions with the students. The teacher creates space for student contributions and
provides appropriate feedback aimed at eliciting language production and promoting
reasoning’. At the end of each task class, teachers are instructed to implement ILS&T
instruction in their classroom, while the trainer uses the performance assessment to score
teachers’ ability level and to provide the teacher with cognitive feedback.

3.3. Sequence of Learning Tasks

According to the emphasis manipulation approach, four task classes were distin-
guished that focused on a cluster of constituent skills that had similar characteristics. The
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grouping of the task classes based on the emphasis manipulation is schematically depicted
in Table 1. The four task classes are addressed in four consecutive TPD meetings. How-
ever, before the teachers start to develop the constituent skills, it is important that they
first comprehend what ILS&T instruction entails at a conceptual level. Therefore, it was
determined that the first TPD meeting should address building an understanding of ILS&T
instruction on a conceptual level (i.e., rationale and foundational principles) rather than
specific constituent skills, thereby serving as a general introduction to the TPD program.
The four following TPD meetings focus on task classes that address learning activities,
supportive information and other information relevant to the emphasized constituent skills.

Table 1. Approach to emphasis manipulation in TPD program.

Skills

Ta
sk

C
la

ss
1

Ta
sk

C
la

ss
2

Ta
sk

C
la

ss
3

Ta
sk

C
la

ss
4

Prepare instructional unit # ⊚• ⊚• ⊚•
Prepare lesson # ⊚• ⊚• ⊚•
Lesson enactment: introduce lesson # ⊚• ⊚•
Lesson enactment: employ interaction skills # ⊚•
Lesson enactment: provide scaffolding # ⊚•
Lesson enactment: explain connections between language and S&T #

Lesson enactment: monitor and regulate #

Lesson enactment: end lesson # ⊚• ⊚•
Evaluate #

Note: Open circles indicate aspects of the overall task that are emphasized in that task class, while filled-in circles
refer to aspects of the task that have been mastered.

The final learning task in each task class is a conventional one, where teachers try out
applying the newly gained knowledge and skills in their own classroom, after which they
receive cognitive feedback on the quality of performance. Although learners are confronted
with (almost) all constituent skills from the beginning of the program due to the whole-task
approach, they are not yet required to coordinate all these aspects. As such, suboptimal
performance can be expected for the aspects of the task that have not yet been emphasized.
Therefore, cognitive feedback addresses the standards that correspond to the constituent
skills that have been covered in the previous task classes. At the end of the final task class,
teachers receive feedback on the full set of standards.

3.4. Supportive Information

Supportive information in the form of cognitive strategies, domain models and cogni-
tive feedback was designed for each non-routine constituent skill in Figure 2. An example
of a cognitive strategy that is depicted and taught refers to lesson preparation. The CTA
demonstrated that teachers went through a linear process while preparing their lessons,
which is why an SAP was developed for lesson preparation (see Figure 3), including specific
rules of thumb for some phases (shown on the right). An SAP offers an overview of the
activities that learners need to carry out to reach the desired goal state. It also indicates
a temporal order of activities. In the SAP in Figure 3, this means that teachers first need
to develop (dual) learning goals before being able to examine students’ prior knowledge
regarding these specific learning goals to determine the starting point for learning. The
activities in the SAP correspond to the constituent skills in the skills hierarchy (see Figure 2)
related to lesson preparation. It should be noted that cognitive strategies are always
heuristic in nature; their application does not guarantee a correct solution.
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Figure 3. Examples of supportive information: SAP for lesson planning and rule of thumb for monitoring.

For learners to successfully teach ILS&T, it is important that they develop a thorough
understanding of ILS&T instruction. The CTA revealed that expert teachers rely on their
subject matter knowledge, pedagogical content knowledge, PCK (see [34,35]), and under-
standing of subject integration. During the first TPD meeting, one learning task focuses on
key subject matter knowledge and preconceptions about S&T education. To allow teachers
to gain an understanding of subject integration, the first TPD meeting was designed to focus
on developing a shared mental model of ILS&T instruction. This mental model was defined
as the five foundational principles of ILS&T instruction that can be consulted during all
phases of instruction (prepare instructional unit, lesson preparation, lesson enactment and
evaluation), depicted in Figure 4.

Figure 4. Five principles for ILS&T instruction (domain model).

In the TPD program, the supportive information is presented to teachers through an
inductive–expository strategy [24]. Learning tasks are focused on the process of elaborating
and establishing meaningful relations between prior knowledge and new information.
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Therefore, supportive information is illustrated with several relevant examples. To do this,
the use of SAPs, domain models, and specific constituent skills is first illustrated through
a modelling example. After gaining some experience with copying this model, teachers
engage in case studies, in which they are asked to apply the cognitive strategies or domain
models in a guided exercise. Finally, the cognitive feedback received during classroom
enactment in between TPD meetings is also classified as supportive information, because
it enables the elaboration of the constructed schema. Cognitive feedback distinguishes
itself from corrective feedback by fostering reflection on the quality of problem solving
and decision making. To promote reflection among teachers, trainers should encourage the
teachers to critically compare their own behavior to the performance standard and relevant
framework (i.e., SAP, rule of thumb or constituent skill; see [36]).

3.5. TPD Blueprint

The final blueprint for the TPD program is presented in Table 2 and includes a descrip-
tion of the learning tasks and supportive information for each TPD meeting. Each TPD
meeting was designed to last 2 h.

Table 2. Blueprint for TPD program for ILS&T instruction.

TPD meeting 1: Develop cognitive schemas, prepare instructional unit, lesson preparation
Learning task 1.1: Subject matter knowledge
Trainer assesses teachers’ prior subject matter knowledge and
introduces relevant subject matter knowledge regarding S&T and
language instruction. During guided group discussions, the group
elaborates on existing ideas and possible misconceptions.
Learning task 1.2: Shared mental model
Teachers brainstorm in groups to develop a shared mental model of
integrated language and S&T instruction. During guided group
discussions, the group members elaborate on existing ideas and
possible misconceptions.
Learning task 1.3: Modelling example
Trainer presents the whole task and the five principles of ILS&T
instruction in an interactive lecture. This serves as a modelling
example for the whole task.
Learning task 1.4: Case study
Teachers receive a worked-out example of an ILS&T lesson plan and
discuss in groups how the lesson incorporates the five principles of
ILS&T instruction.
Learning task 1.5: Case study
Trainer introduces an S&T learning activity (i.e., the case). The
teachers work under the guidance of the trainer to enrich the activity
by formulating relevant language learning goals and activities.

Supportive information:
Modelling examples
Principles for ILS&T
instruction (Figure 4)

TPD meeting 2: Determine learning goals, determine meaningful learning experiences, offer
meaningful learning experiences
Learning task 2.1: Case study
Teachers receive a worked-out example of an ILS&T lesson plan, and
work in groups to identify the functions of the language learning
activities. The trainer presents an overview of the functions of
language in S&T education, particularly when learning through
inquiry and design.
Learning task 2.2: Modelling example
Trainer gives an interactive lecture and presents videos of experienced
teachers (modelling examples) that demonstrate how they prepare the
instructional unit and lesson(s) and explain their decision making. The
trainer guides group discussions about the constituent skills
demonstrated in the video and introduces the SAP and the rules of
thumb for lesson preparation (supportive information).

Supportive information:
Modelling examples
SAP and rules of thumb
for lesson preparation
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Table 2. Cont.

TPD meeting 2: Determine learning goals, determine meaningful learning experiences, offer
meaningful learning experiences
Learning task 2.3: Case study
Trainer introduces an S&T theme or topic (i.e., the case). Under the
guidance of the trainer, the teachers work in groups to develop
suitable long-term and short-term learning goals.
Learning task 2.4: Case study
Teachers work under the guidance of the trainer to design learning
activities for the learning goals (i.e., the case) developed in learning task 2.3.

Supportive information:
Modelling examples
SAP and rules of thumb
for lesson preparation

Learning task 2.5: Conventional
Teachers work individually to develop learning goals and activities
for an S&T theme of their choice.

Supportive information:
Cognitive feedback

TPD meeting 3: Decide on instructional approach, introduce lesson, end lesson
Learning task 3.1: Case study
The teachers select a text about an S&T topic (i.e., the case). Under the
guidance of the trainer, the teachers work in groups to design suitable
learning activities that engage students with the text.
Learning task 3.2: Modelling example
The trainer gives an interactive lecture and presents videos of
experienced teachers (modelling examples) that demonstrate how
they introduce and end an S&T lesson and explain their decision
making. The trainer guides group discussions about the constituent
skills demonstrated in the video.
Learning task 3.3: Case study
Under the guidance of the trainer, the teachers continue working on
their lesson preparation (i.e., the case from learning task 3.1) in
groups to decide on the instructional approach (determine starting
point for learning, determine required knowledge and skills,
determine need for explicit instruction, select material).

Supportive information:
Modelling examples
SAP and rules of thumb
for lesson preparation

Learning task 3.4: Conventional
Teachers apply the newly learned skills in their own classroom.

Supportive information:
Cognitive feedback

TPD meeting 4: Determine supportive teaching strategies, determine interaction strategies,
determine scaffolding strategies
Learning task 4.1: Modelling example
The trainer gives an interactive lecture and presents videos of
experienced teachers (modelling examples) that demonstrate how
they use interaction strategies and explain their decision making. The
trainer guides group discussions about the constituent skills
demonstrated in the video and introduces the rule of thumb for
interaction strategies (supportive information).
Learning task 4.2: Modelling example
The trainer gives an interactive lecture and presents videos of
experienced teachers (modelling examples) that demonstrate how
they use scaffolding strategies and explain their decision making. The
trainer guides group discussions about the constituent skills
demonstrated in the video and introduces the rule of thumb for
scaffolding strategies.
Learning task 4.3: Case study
Teachers receive a worked-out example of an ILS&T lesson plan
(i.e., the case) or continue to work on their own lesson preparation.
Teachers brainstorm in groups to determine relevant interaction and
scaffolding strategies under the guidance of the trainer.

Supportive information:
Modelling examples
Rule of thumb for
scaffolding
Rule of thumb for
interaction strategies

Learning task 4.4: Conventional
Teachers apply the newly learned skills in their own classroom.

Supportive information:
Cognitive feedback
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Table 2. Cont.

TPD meeting 5: Explain connections, monitor and regulate learning progress, short- and
long-term evaluation
Learning task 5.1: Modelling example
The trainer gives an interactive lecture and presents videos of
experienced teachers (modelling examples) that demonstrate how
they explain connections between language and S&T and explain
their decision making. The trainer guides group discussions about
the constituent skills demonstrated in the video and introduces the
rule of thumb for explicating connections.
Learning task 5.2: Modelling example
The trainer gives an interactive lecture and presents videos of
experienced teachers (modelling examples) that demonstrate how
they monitor students’ learning progress. After guided group
discussions, the trainer introduces the rule of thumb for monitoring.
Learning task 5.3: Case study
Teachers receive a worked-out example of an ILS&T lesson plan (i.e.,
the case) or continue to work on their own lesson preparation, and
brainstorm in groups to identify the connections between language
and S&T and identify opportunities for monitoring, under the
guidance of the trainer.
Learning task 5.4: Modelling example
The trainer gives an interactive lecture and presents videos of
experienced teachers (modelling examples) that demonstrate how
they engage in short-term and long-term evaluation after a lesson and
explain their decision making. The trainer guides group discussions
about the constituent skills demonstrated in the video, and
introduces the rules of thumb for evaluating (short- and long-term).
Learning task 5.5: Case study
Teachers individually evaluate their most recently implemented
ILS&T lesson (i.e., the case) by using the rule of thumb.

Supportive information:
Modelling examples
Rule of thumb for
explicating connections
Rule of thumb for
monitoring
Rule of thumb for
evaluating (short- and
long-term)

Learning task 5.6: Conventional
Teachers apply the newly learned skills in their own classroom.

Supportive information:
Cognitive feedback

4. Discussion

This study addressed the following research question: what are the characteristics
of a 4C/ID-based program aimed at equipping in-service primary school teachers for
the complex task of ILS&T instruction? The instructional design of this TPD program is
based on the Ten Steps approach of the 4C/ID model [24] and resulted in an educational
blueprint for the TPD program. The 4C/ID model is an increasingly popular instructional
design model, particularly in the field of medical education [37,38], technical education [39]
and more recently of TPD [28,29,40]. Here, we describe the added value of the Ten Steps
approach as an instructional design model for a TPD program for ILS&T instruction, as
well as the challenges that were encountered while designing this educational blueprint
and applying the Ten Steps approach.

A first benefit of the Ten Steps approach is that the educational blueprint is under-
pinned by both practice and theory regarding ILS&T instruction, effective TPD design and
the 4C/ID model. This makes for a very comprehensive design process that is elaborated
in detailed, systematic design steps. Consequently, the learning content and instructional
approaches described in the educational blueprint are thoroughly substantiated. Studies
that previously described TPD programs for ILS&T instruction mostly provided little jus-
tification for the learning content of the TPD in terms of the specific competencies that
teachers require according to either theory or practice, e.g., [18,20]. With the Ten Steps
approach, the learning task and the constituent skills of the task were determined by a
comprehensive CTA analysis with experts (experienced teachers and domain experts),
combined with the literature on ILS&T instruction. It is likely that the TPD program will
align well with practice because teachers were consulted to provide the initial input for
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the task analysis, rather than domain experts or researchers. Additionally, while time and
space are allotted for theory, the emphasis is on learning from examples and practice. Other
TPD programs that are not task-centered often revert to lectures or exercises that are less
aligned with practice.

Second, the Ten Steps approach allows for the concurrent design of guidelines for
assessment along with the learning tasks. In this way, the approach not only serves to
determine what teachers should be able to do, but also specifies what this looks like in
practice and how this can be assessed. Consequently, this allows for accurate monitoring of
individual progress regarding all constituent skills. TPD programs described in previous
studies often lack a description of the instructional design choices regarding the learning
content of the program, e.g., [18,20], making it difficult to determine whether the TPD pro-
grams cover the complete pedagogical repertoire that is required for ILS&T instruction,
and whether teachers are effectively prepared for it. The performance criteria and video
modelling examples in the educational blueprint presented in this study make it very clear
what is expected of teachers in terms of the learning objectives. This is not only beneficial
for monitoring and assessment, but also for teachers’ understanding of the desired level
of performance. Subsequently, rather than telling teachers what they should do, teachers
are likely to learn more and transform their teaching practice by viewing examples of
experienced teachers [41,42].

Regarding the challenges that were encountered during the instructional design of
the educational blueprint, the analysis of the task revealed that ILS&T instruction is a
comprehensive task consisting of several complex constituent skills. For example, some
TPD programs have been designed to focus solely on scaffolding, e.g., [19], which is only
one of the constituent skills in the current educational blueprint. Additionally, the analysis
revealed exclusively non-routine aspects of the task. Consequently, the processes of rule
formation and strengthening (components 3 and 4 of the model) receive less attention in this
blueprint. This could potentially amplify the complexity of the whole task, as non-routine
aspects require constant problem solving and decision making. Thus, the TPD program
described in the educational blueprint might be too demanding for teachers to accomplish
within the set timeframe.

Finally, we encountered several challenges while implementing the Ten Steps approach.
The first challenge pertains to the highly complex nature of the model, which requires
considerable time to understand and apply. The thorough analysis of teacher expertise at
the start is a time-consuming and challenging process. However, application of the model
will progressively take less time as one becomes more adept at implementing the model.
There is an additional challenge of finding suitable experts in the field, especially when
dealing with a relatively new task, as was the case in the current study. Furthermore, the
4C/ID literature does not describe a set of guidelines or approach to delineate a whole task.
Consequently, it is not fully clear what a whole task may encompass, or when a task might
be too comprehensive for a CTA. In the current study, the whole task, ILS&T instruction, is
quite comprehensive. Although the Ten Steps approach is suitable for learning tasks that
are still relatively unknown, in our experience, a CTA might be more suited for a smaller,
more defined task (e.g., scaffolding).

Another pitfall of the Ten Steps approach to be wary of is the risk of causing cognitive
overload due to the implicit task complexity. However, to avoid this, the 4C/ID model
utilizes the principles of Sweller’s cognitive load theory [43] to make learning more efficient
and deal with the limited processing capacity of the working memory. According to cogni-
tive load theory, there are three types of cognitive load: (1) intrinsic cognitive load, which
is a direct function of performing the task; (2) extraneous cognitive load, which results
from the way in which information is presented to learners; and (3) germane cognitive
load, which pertains to the construction and atomization of schemas. The sum of these
types of cognitive load should not exceed the resources of the working memory. Cogni-
tive load was controlled in several ways in the instructional design of this TPD program.
First, the intrinsic cognitive load was managed by the emphasis manipulation approach.
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Although learners are confronted with the whole task from the beginning of the program,
the emphasis manipulation approach ensures that learners need to process fewer (interac-
tions between) elements simultaneously. Second, extraneous cognitive load is managed
by sequencing learning tasks with decreasing learner support, based on the scaffolding
principle (from much to no support). Third, cognitive overload is prevented by presenting
learners with the supportive information before they engage in the learning task. Offering
this information during the learning task would very likely cause cognitive overload, as
it is often inherently complex. Fourth, germane cognitive load was increased by aiming
for high variability in the learning tasks within a task class. This variation during (guided)
exercises stimulates the transfer of learning by enabling learners to identify similar features
in learning tasks, which promotes schema construction.

Due to the extensive analysis leading to increasingly useful information about suc-
cessful task performance compared to other instructional design methods, scholars have
claimed that CTA-based instruction is highly effective, e.g., see [44]. Tofel-Grehl and Fel-
don [45] performed a meta-analysis including 20 studies on CTA-based training and found
a large effect size that supports this claim. Nonetheless, this is not a guarantee of actual
outcomes of the CTA-based TPD program designed in this study in terms of teachers’ devel-
opment of knowledge, skills and attitudes. Future evaluations, including student learning
outcomes in the classroom, can identify more points for improvement in the program.

The 4C/ID model accurately reflects the complexity of tasks such as ILS&T instruction,
making the TPD program and consequent performance of the task potentially more system-
atic and precise. For this reason, it would be valuable for teacher educators to learn how to
apply (aspects of) this model for teacher learning and development, such as the systematic
approach to analyzing complex tasks. Likewise, it may be worthwhile to address (aspects
of) the 4C/ID model in initial teacher training programs.

Several recommendations can be made for the instructional design of TPD programs
based on the 4C/ID models using the design process reported in this study. The first
recommendation is to incorporate the element of team training in TPD program design.
In the case of subject integration, studies have stressed that teachers (and students) can
benefit from collaboration and shared experiences [46,47].

The second recommendation is to include opportunities for classroom enactment by
teachers in between the TPD meetings, where teachers receive feedback from a trainer. This
provides teachers with the opportunity to immediately apply their new skills in practice,
while also receiving feedback to promote reflection. Because the trainer’s feedback is based
on the performance assessment that describes the standards for acceptable performance,
this gives teachers a concrete starting point for improving their skills. It also gives trainers
the opportunity to formulate differentiated learning goals for the individual teachers.

The third recommendation is to include concrete examples of the competencies that
need to be learned. In this study, the TPD program includes videotaped modelling examples
of experienced peers that demonstrated specific aspects (e.g., scaffolding instruction during
ILS&T instruction) of the task. Various studies have explored the role of watching videos of
peers in TPD, and have found that it can increase teachers’ engagement and motivation to
change their classroom practices [48,49]. Gaudin and Chaliès [50] provide a short overview
of several recommendations mentioned in studies on viewing videos of other teachers’
practices, including describing the educational context in which the video was made, and
incorporating comments on the teacher’s activity.

A final recommendation is to attend more explicitly to the varying levels of prior
knowledge and professional experiences of participating teachers. This variation could
potentially be problematic, especially regarding their previous knowledge and experience
with (inquiry- or design-based) S&T instruction. As the focus of this educational blueprint
is on preparing teachers for ILS&T instruction, the program assumes a basic level of
experience with S&T instruction. If that is not the case, teachers may require additional
support or training before participating in this program.
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5. Conclusions

In this study, the blueprint is presented for a 4C/ID-based TPD program aimed at
equipping in-service primary school teachers for ILS&T instruction. The design process,
based on the Ten Steps approach of the 4C/ID model, was described comprehensively.
In this way, the study demonstrates the practical application of the Ten Steps approach
in the domain of teacher education, which had remained still relatively unexplored to
date. Moreover, the findings of this study contribute to the body of literature on ILS&T
instruction in primary education. Specifically, it discerns the building blocks of a TPD
program informed by theoretical and practical underpinnings that can equip primary
school teachers for ILS&T instruction based on a whole-task approach rather than focusing
on fragmented aspects of this complex task. As such, this study can inform instructional
designers, teacher educators, and researchers about how to make informed decisions
regarding the design of effective, comprehensive instructional programs for complex tasks.
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