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Abstract
This paper describes how an interdisciplinary design team used the Four-Component
Instructional Design (4C/ID) model and its accompanying Ten Steps design approach to
systematically design a professional development program for teaching differentiation
skills to primary school teachers. This description illustrates how insights from a cognitive task analysis into classroom differentiation skills were combined with literature-based
instructional design principles to arrive at the training blueprint for workplace-based learning. It demonstrates the decision-making processes involved in the systematic design of
each of the four components: learning tasks, supportive information, procedural information, and part-task practice. While the design process was time and resource-intensive, it
resulted in a detailed blueprint of a five-month professional development program that strategically combines learning activities to stimulate learning processes that are essential for
developing the complex skill providing differentiated instruction in a mathematics lesson.
Keywords Instructional design · Cognitive task analysis · Differentiation · Complex skills ·
Teacher education
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Introduction
Today’s primary school teachers face an increasing demand for dealing with student diversity. A one-size-fits-all approach in which the teacher presents the same teaching activities
to the whole class is being replaced by a differentiated approach. In such an approach, the
teacher presents tailored activities to individuals or groups of students to best suit their
particular needs (Deunk et al., 2018; Roy, Guay, & Valois, 2013). This improved fit is why,
in most cases, differentiated instruction (DI) is preferred (George, 2005). While the benefits of differentiation are generally well-established, the Dutch Inspectorate of Education
reported that teachers in the Netherlands struggle to adapt instruction to student differences
(Inspectie van het Onderwijs, 2018). Similar results are reported in international research,
giving rise to interventions to improve teachers’ differentiation skills (e.g., Eysink, Hulsbeek, & Gijlers, 2017; Prast et al., 2018; Valiandes & Neophytou, 2017; Wan, 2017).
Spurred by these findings, a design team consisting of researchers from the University of
Twente and Maastricht University in the Netherlands set out to design and implement a
professional development (PD) program aimed at developing teachers’ DI skills in the context of mathematics lessons. A challenging undertaking for two reasons.
Firstly, providing DI constitutes an inherently complex task. There is no simple procedure where following fixed steps guarantees effective differentiation. Instead, teachers
need well-honed analysis and decision-making skills based on knowledge of curriculum
content and student characteristics, and a flexible attitude to deal with changes on the spot
(Van Geel et al., 2019). Teaching such complex skills is not straightforward and requires a
well-designed program aimed at the integration of knowledge, skills, and attitudes, as well
as the coordination of constituent skills (Janssen-Noordman et al., 2006; Van Merriënboer,
Kirschner, & Kester, 2003). As the development of complex skills takes time, a longitudinal PD program that stimulates learning and practice in the workplace seemed most suited.
Secondly, it was unclear which specific content should be taught. A description of providing effective DI at expert level was lacking and no clear standards for good differentiation
were known at the start of the design process. The research community is making strong
progress in identifying effective operationalizations of DI, such as ability grouping (e.g.,
Saleh, Lazonder, & De Jong, 2005; Whitburn, 2001) or creating collaborative learning settings (e.g., Eysink et al., 2017), but effective differentiation requires more than just a toolbox full of individual tools (Deunk et al., 2018; Prast et al., 2018). Consequently, national
teacher training institutes often provide piecemeal information or superficial strategies in
their curricula. Further analysis was needed to gain insight in the constituent skills required
for DI and how they are performed, and which domain-specific knowledge is required for
effective decision-making.
To deal with the first challenge of designing instruction for complex skills, a task-centered instructional design model was chosen that stresses working with authentic tasks and
stimulates practice in the workplace (Francom, 2016). This Four-Component Instructional
Design (4C/ID) model by Van Merriënboer (1997) has a strong foundation in research
and its application is described in various contexts (Frerejean et al., 2019), such as teacher
training (Kreutz, Leuders, & Hellmann, 2019), medical education (Maggio et al., 2015),
communications training (Susilo et al., 2013), technical training (Sarfo & Elen, 2007),
and information problem solving (Wopereis, Frerejean, & Brand-Gruwel, 2015). The
4C/ID model states that educational programs can be described using four components:
a backbone of learning tasks based on authentic professional tasks, supportive information describing how to approach the tasks and how the domain is organized, procedural
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information describing step-by-step procedures to perform routine aspects of the tasks, and
part-task practice for repetition of aspects that need to be highly automated (Van Merriënboer & Dolmans, 2015; Van Merriënboer et al., 2003).
Dealing with the second challenge of not knowing what expert-level DI entails, required
a thorough content and task analysis to yield insight into the way experts perform DI. The
4C/ID model is accompanied by a ten-step process (Ten Steps; Van Merriënboer & Kirschner, 2018) that guides instructional designers in performing such analyses to uncover the
required knowledge, skills, and attitudes and explains how to use these outcomes to inform
the subsequent training design according to 4C/ID principles. This process of designing
courses based on extensive content or task analysis is illustrated by Vandewaetere et al.
(2015), who describe the application of the Ten Steps for the design of five blended learning modules in medical education, and Tjiam et al. (2012), who describe the design of a
simulator-based training for surgical skills using 4C/ID based on a cognitive task analysis
(CTA) of expert task performance. Yet, literature on how to design a PD program based
on theoretical insights as well as empirical analysis of expert performance in practice, is
scarce. Therefore, this paper addresses the question: How can instructional design teams
design a PD program aimed at teaching relatively unfamiliar complex skills in the workplace? It does this by describing an example of the application of the Ten Steps and the 4C/
ID model in the domain of teacher PD.
A design process is highly dynamic. Activities are not carried out in a linear fashion, but
often occur in parallel or are continually revisited, and findings are used to shape, refine,
and correct the design in many iterations. However, this text must provide a linear description of this process. The second section begins with a description of the design team.
The third section then describes the Ten Steps and the cognitive task analysis. The fourth
section explains how the outcomes of the analysis informed the design of each of the training components. The fifth section then presents the final blueprint and discusses issues of
motivation and affect. The paper concludes with a discussion and conclusion to reflect on
strengths and weaknesses of the blueprint as well as the design process.

Design team
The PD program was designed and developed by a design team consisting of the researchers and authors of this paper (henceforth: we). Three members are experts in data use in
schools, assessment, teacher professionalization, professional collaboration, teaching quality, school improvement, and educational effectiveness, and the others are experts in (fourcomponent) instructional design and innovative curricula. We recruited one person with
experience in leading teacher PD programs for the role of co-developer and coach. This
coach played an active role in the delivery of the program and was responsible for ensuring the feasibility of the implementation. We used our network of school inspectors, educational consultants, school boards, and teacher training institutes to select nine teachers
in the Netherlands that were regarded as experts in providing DI. In addition, 10 experts
on DI subject matter were selected, consisting of three school inspectors, four educational
consultants, one teacher trainer, and two researchers from other institutes. These two
groups were recruited to assist in providing the information necessary to develop the PD
program.
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The PD program would be offered in primary schools in the Netherlands to teachers of
varying ages and levels of teaching experience. We expected that the academic coaches
(internal supervisors of teachers) and the school leaders would also be present at selected
meetings during the training.

Approach
Ten Steps
The Ten Steps approach by Van Merriënboer and Kirschner (2018) lists 10 design activities that result in an educational blueprint describing the program in terms of the four components. Table 1 shows an overview of the four components of the 4C/ID model, their
essential learning processes, and the corresponding Ten Steps approach. The four components in the 4C/ID model are designed to stimulate four learning processes that are essential for complex learning.
Inductive learning refers to constructing cognitive schemas from varying concrete
experiences or examples. This is achieved by designing learning tasks (component 1) that
require an integration of knowledge, skills, and attitudes and coordination of constituent
skills. These whole tasks are similar to tasks that occur in professional practice. Elaboration refers to the construction of cognitive schemas by linking new knowledge to existing
prior knowledge. This is done by studying supportive information (component 2), often
called ‘the theory’, which is traditionally presented in lectures, workshops, books, or other
kinds of (multimedia) learning materials. Elaborate cognitive schemas are necessary to
perform nonroutine aspects that are different in every task. They allow teachers to reason in
the domain, to make well-informed decisions, and to flexibly solve problems. In contrast,
rule formation is a process in which cognitive rules are formed for routine aspects that
are similar across different tasks. These if–then constructions ensure that similar responses
are correctly executed in similar contexts. This contributes to schema automation. Procedural information (component 3) stimulates this process by presenting concrete step-bystep instruction just at the time the routine needs to be performed. Finally, a process of
strengthening is stimulated for routines that are expected to be carried out automatically
without cognitive effort. Repeated part-task practice (component 4) enables this process in
which routines are drilled to automaticity. For a more extensive description of the model,
see (Van Merriënboer, 1997, 2019; Van Merriënboer et al., 2003).
In Table 1, steps 1, 4, 7, and 10 (printed in bold) refer to the design steps for the four
main components. Steps 2–3, 5–6, and 8–9 describe additional activities that inform the
design of these four components. These auxiliary steps were integrated in a cognitive task
analysis (CTA), consisting of detailed observations and in-depth interviews with experts to
uncover the skills they perform, the knowledge they possess, how they apply this knowledge, how they approach problems, and how they reason (Clark et al., 2008).

Cognitive task analysis
As the CTA in this project is described in detail by Van Geel et al. (2019), only a brief
description is presented here. Based on a first literature study, classroom observations with
semi-structured interviews were organized among the nine teachers to determine the DI
activities in real classroom settings. Through open-ended questions and the reviewing of
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2. Supportive information (nonroutine aspects)

3. Procedural information (routine aspects)

4. Part-task practice (routine to-be-automated aspects)

Inductive learning

Elaboration

Rule formation

Strengthening

Schema construction

Schema automation

1. Learning tasks (nonroutine and routine aspects)

Sub process

Blueprint component

Main process

Learning process

Table 1  Overview of the four components, respective learning processes, and the Ten Steps

2. Design performance assessments
3. Sequence learning tasks
4. Design supportive information
5. Analyze cognitive strategies
6. Analyze mental models
7. Design procedural information
8. Analyze cognitive rules
9. Analyze prerequisite knowledge
10. Design part-task practice

1. Design learning tasks

Ten Steps
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short video clips from the classroom recording, we attempted to reconstruct the teacher’s
approach in detail. All interviews were recorded and transcribed for further study. This
provided a first overview of the whole task of providing DI in a mathematics lesson and
the knowledge, skills, and attitudes to carry it out, which formed input for the creation of
learning tasks (i.e., Step 1). The whole task was subsequently broken down into constituent
skills to create a skill decomposition and performance standards. This provided input for
creating performance assessments (i.e., Step 2). Using probing questions, we elucidated
cognitive strategies that describe the phases experts go through when they approach a task,
including the main decision-making points and rules of thumb that can help to perform
each phase (i.e., Step 5). Additionally, experts were asked to define the domain knowledge
they used for reasoning and decision-making (i.e., Step 6) and point out how they performed the routine aspects and skills that recur frequently during DI (i.e., Steps 8–9).
To validate and refine the preliminary outcomes, the expert teachers were collectively
invited to an expert meeting. After a round of revisions, a group consisting of ten subjectmatter experts was invited for a day-long outcome validation session, during which feedback was collected in several rounds and sub-group activities to improve and expand upon
the intermediate products. This meeting was followed by deliberation in the design team,
leading to more refinements in the design.

Outcomes
This section describes the outcomes of the analysis, how they led to the design of the four
main blueprint components, and how these components were combined to create the final
blueprint for the program. The outcomes are presented step-by-step but note that the actual
design process was much more dynamic and iterative.

Step 1: Design learning tasks
This step describes the design of the backbone of the educational program: learning tasks
that are based on real-life professional tasks and that allow the learner to practice all the
nonroutine and routine aspects simultaneously. In this design, learning tasks revolved
around providing DI in a mathematics lesson in a primary school classroom. The design
of these of learning tasks was based on the CTA and on guidelines in the literature on
the quality of teacher PD programs (see Borko, 2016; Borko, Jacobs, & Koellner, 2010;
Darling-Hammond, Hyler, & Gardner, 2017; Desimone, 2009; Garet et al., 2001; Penuel
et al., 2016; Timperley, 2008). These context-specific guidelines complemented the generic
guidelines presented by 4C/ID and led to several design decisions early in the process.
Firstly, we decided that the program should be school-based and involve teachers, supporting staff, and the school leader to allow for close collaboration, community-forming,
discussion, and coaching among fellow teachers. This was also beneficial because face-toface time with the teachers was limited. Secondly, based on literature on teacher PD, we
decided that learning tasks should engage teachers in meaningful discussion, observation
of others, planning of lessons, and practicing skills in the classroom. These guidelines were
strongly in line with the task-centered approach advocated by 4C/ID. In addition, learning
tasks should represent the range of possible real-life tasks that the teacher may encounter. Finally, the program should be content-focused and address how students learn mathematics, how teachers can diagnose gaps in understanding, and how they can adjust their
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instruction accordingly. Due to practical limitations and the desire to keep the program
feasible and scalable, we decided on a runtime of five months.
According to 4C/ID, learning tasks at the beginning of the program are ideally practiced
in a safe learning environment where errors have no serious consequences and where support and feedback can be easily presented just-in-time. We therefore considered creating
meticulously planned learning tasks in which teachers could practice DI skills in a simulated classroom with simulated students. But simulated tasks would significantly reduce
practical value for the teachers, who would have to transfer the newly learned skills to the
professional tasks, their daily mathematics lessons in their own classrooms. Therefore, we
focused on workplace-based learning and adopted the daily mathematics lessons as learning tasks. These inherently whole tasks present the full range of variability, require all the
necessary skills, and allow daily opportunities for practice.
The downside of using workplace-based learning tasks is that it leaves the design team
with very little control over task sequence, complexity, and embedded support and guidance. For example, providing partially worked-out tasks or providing over-the-shoulder
coaching is challenging to implement during real-life mathematics lessons in the classroom. To compensate for the lowered support during the learning tasks, we increased support before and after the learning tasks. Three team meetings were planned at the start
of the program to prepare teachers for independent practice in their own classrooms. The
coach guided teachers in studying video modeling examples and carrying out imitation
tasks in which they created period plans and lesson plans based on provided worked-out
examples. Teachers also received a reader with materials (i.e., texts, worked-out examples,
systematic approaches) and links to the collection of video modeling examples to consult
independently before or after learning tasks. In addition, several reflection sessions were
planned throughout the program in which the whole team reflected on past learning tasks
under guidance of the coach. The supportive materials are described in “Step 4: Design
supportive information”.

Step 2: Design performance assessments
According to the experts, effective differentiation required a constant awareness of and
emphasis on instructional goals, monitoring of students’ current level of understanding in
relation to those goals, deliberate selection of teaching activities from an extensive repertoire, effective application of pedagogical and didactical skills to organize and deliver
instruction, and strong reflection skills to evaluate the chosen approach. They considered
classroom management and direct instruction as prerequisite routine skills that should cost
little mental effort so cognitive capacity is free for more complex DI-related activities. This
is well aligned to existing models of teacher development describing that novice teachers
first focus on the basics of teaching, such as maintaining a safe learning climate, managing the classroom, and providing clear direct instruction. While novices tend to stick to the
guidelines and differentiation strategies prescribed by the method at hand, these models
describe that more experienced teachers develop advanced teaching strategies and start to
deviate from the prescribed approaches by flexibly adjusting instructions to student differences (for an overview, see Van der Lans, Van de Grift, & Van Veen, 2017).
Experts showed DI activities in four phases: during preparation of the lesson period,
during individual lesson preparations, during individual lessons, and in post-lesson
evaluations. This four-phase organization formed the core of the PD program: Practicing the integration of these constituent skills, starting with the preparation of a lesson

13

J. Frerejean et al.

Analyze
information

Set goals
Prepare lesson
period

Cluster
students
Determine
didactical
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Prepare
lesson

Set goals
for group as a
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Determine
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Study
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Determine
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Provide
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instruction

Provide
instruction
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Stimulate selfregulation

Organize
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End lesson
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for short term
Evaluate
for long term

Fig. 1  Skill hierarchy demonstrating hierarchical relation between the skills and their constituent skills
addressed in the PD program

period followed by the preparation, execution, and evaluation of individual lessons.
The hierarchy in Fig. 1 shows which constituent skills are required (i.e., positioned to
the right) for higher-order skills in each of these phases. It is important to note that
many constituent skills are highly related, and often depend on the outcomes of other
skills in other phases. For instance, the organization of the instruction during the lesson
depends largely on information gathered and decisions made in the lesson and period
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preparations—but can still be flexibly adapted on the spot if needed. Due to this high
interrelation, practicing the constituents in isolation makes little sense. It is essential
that the learners learn how these skills depend on one another and how they can be
coordinated to carry out the whole task.
To formulate what learners should be able to do after the program, performance objectives were created for each of the constituent skills. Based on information gathered in discussions with experts and school inspectors, a preliminary list of 30 standards was formulated and converted to a scoring sheet that was made available to the teachers at the start of
the training. Each of the 30 standards is rated on a four-point scale ranging from 1 (point of
attention) to 4 (excellent). An example standard for preparing the lesson was: The teacher
investigates whether the current teaching method provides a fitting instruction for attaining the lesson goals and deviates from the method if necessary. The teacher can justify
why the chosen approach is most optimal for attaining the lesson goals and is aligned to
the educational needs of the whole group, the stronger students, and the weaker students.
Instead of a high-stakes summative assessment at the end of the training, we included multiple low-stakes formative assessments by the coach, who used the scoring sheet to provide
structured feedback (Van der Vleuten, 2016; Van der Vleuten et al., 2012).
Teachers also formulated additional personal learning goals at the start of the program for aspects that they felt needed the most improvement. These personal goals were
addressed during the feedback sessions (described below) and re-assessed and refined halfway through the program. This added flexibility and a sense of autonomy, as individual
teachers may have different personal learning goals (Louws et al., 2017).

Step 3: Sequencing learning tasks
After designing learning tasks and performance objectives, it was essential to sequence
learning tasks in a way that does not overwhelm learners with too much complexity. For
this reason, 4C/ID recommends grouping learning tasks together based on their complexity
and presenting these groups of tasks in a simple-to-complex order until the most complex
tasks can be performed at the end of the program. But in our workplace-based learning
approach teachers practice in the classroom during the actual lessons, and we had no control over complexity or task sequence. The usual simple-to-complex sequencing could not
be used. In such cases, 4C/ID offers an alternative emphasis manipulation approach, in
which learners carry out learning tasks (i.e., their daily mathematics lessons) in their natural complexity, but attention is actively allocated to just an aspect of the task or a certain
skill cluster (Choi et al., 2019; Gopher, 2006; Gopher, Weil, & Siegel, 1989). Comparable
to a spotlight illuminating only a part of the stage and keeping the rest in the dark, attention
is focused to a specific aspect of the complex task and lowered for the remaining aspects.
This was achieved by directing all activities, supportive materials, and coaching to
develop the necessary knowledge and skills for the emphasized aspect. When the teacher
reached competency in that aspect, the spotlight moved to a new target and the allocation
of the learner’s attention was shifted accordingly. The shifting of the spotlight occurred
in logical order and repeated until all aspects of the task were addressed at the end of the
training (see Frerejean et al., 2016). An emphasis manipulation approach reduces strain
on working memory because not all instruction needs to be active in memory at the same
time. In this approach, errors may be expected in the aspects that have not yet been emphasized, leading to suboptimal task performance. Despite this, emphasis manipulation can
still be used to avoid cognitive overload during task performance.

13

J. Frerejean et al.

Where the term task class in 4C/ID designs commonly refers to a group of tasks of the
same level of complexity, in the current design, it refers to a group of tasks that emphasize
the same aspect. The aspects that were emphasized in each task class are schematically
depicted in Table 2, showing important (combinations of) skills in the rows, and meetings
and task classes in the columns. Once a task class was completed, it was assumed that the
teacher could perform the emphasized aspect to an acceptable level.
The first group meeting included activities that globally introduced all aspects and
provided the learners with an advance organizer for the whole task. Then, emphasis
manipulation started. In group meeting 2 the spotlight was on preparing a lesson period
(phase 1 in Fig. 1) and on evaluating for the long term. The other aspects of the skill were
not addressed at this point. In meeting 3 emphasis was on preparing an individual lesson
(phase 2 in Fig. 1). After the group meetings, independent practice started and the focus
shifted to DI during the lessons. During the first task class, teachers focused on lesson
introductions, lesson endings, and short-term evaluations for the next lessons. They practiced and improved these skills while performing all other aspects as usual. After completing this task class, these aspects were mastered. In the next task class, the emphasis shifted
to monitoring progress and achievement. Correspondingly, activities, materials, discussions, and coaching targeted these aspects. Monitoring was an especially important aspect,
so it received emphasis again in task class 3, but combined with adapting instruction. Stimulating self-regulation in students was reportedly one of the most challenging aspects of
DI, which is why it was addressed once other aspects were mastered. The schematic in
Table 2 demonstrates that all aspects of the differentiation skill have been addressed after
finishing the program. While it was not possible to sequence whole tasks, this approach
sequences instruction around skill clusters to keep cognitive load under control.

Step 4: Design supportive information
DI involves a considerable amount of reasoning, problem-solving, and decision-making.
To help teachers perform these nonroutine aspects, supportive information was presented
that consisted of systematic ways in which tasks in the domain can be approached (i.e.,
cognitive strategies; Step 5), and the necessary knowledge about how the domain is organized (i.e., mental models; Step 6). Because there were limited ready-made instructional
materials available, additional analysis of experts was necessary to uncover these strategies
and mental models, and new materials needed to be developed.

Step 5: Analyze cognitive strategies
The CTA showed that experts moved linearly through certain phases during the preparation
of a lesson period and during the preparation and evaluation of a lesson. These cognitive
strategies were described in systematic approaches to problem-solving (SAPs) showing a
flowchart of the phases and rules of thumb that may help to complete each phase. Figure 2
shows a SAP for preparing a lesson. The SAP shows the main phases of the approach on
the left and more specific rules of thumb that serve as heuristics to help the teacher perform phase 3 and 5. Similar SAPs were developed for preparing a lesson period and for
evaluating.
In contrast, DI during the lesson hardly showed any recognizable linear phases. Experts’
strategies varied and seemed to be dictated by contextual factors such as student needs,
school agreements, and available materials. Extensive discussion among experts and the
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✖

✖
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✔

✖

✔
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✔
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✔
✔
✔

✖
✖
✔

✔

Task class 2

✔
✖

✔

Task class 1

Crosses indicate which aspect is emphasized in that meeting or task class. Ticks indicate mastered aspects

Group meeting 1

Skills

Table 2  Schematic overview of emphasis manipulation in the PD program
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Fig. 2  A systematic approach for preparing a lesson. Main phases are shown on the left with specific rules
of thumb displayed for two of the steps

design team revealed that activities during the lesson are governed by five interrelated
principles that drive experts’ decisions and actions: (1) expert teachers act with the lesson
goal in mind, (2) they continuously monitor students’ understanding related to the lesson
goal, (3) they challenge all students on their own level, (4) they adapt their instruction and
practice materials to the students’ needs, and ultimately, (5) they stimulate the students’
self-regulation behavior. These five principles were depicted in a graphic that also showed
the four phases of DI (see Fig. 3).

Step 6: Analyze mental models
Cognitive strategies to approach tasks are only useful if the teacher can also rely on
domain knowledge for reasoning and decision-making. Unsurprisingly, the CTA showed
that experts’ decision-making is underpinned by an extensive knowledge of the didactics
of mathematics. Three important Dutch didactic models were identified that describe students’ mathematical development: the hoofdlijnen model, handelings model, and drieslag
model; or Four Phase Model of Mathematical Development, CHAT-model, and ProblemSolving Model (Van Groenestijn, 2002; Van Groenestijn, Borghouts, & Janssen, 2011).
These models help teachers determine gaps in understanding and adapt instruction to the
student’s level. To decide whether and when gaps in understanding should be addressed,
teachers require knowledge of the mathematics curriculum and how topics are sequenced
in the current year and adjacent years. They also need a strong awareness of the pedagogical and didactical needs of their students. Strategies for eliciting those needs included
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Fig. 3  Nonlinear SAP depicting
the five principles that govern
differentiation in the four phases

advanced analysis of test results and questioning methods. These were addressed during
the group meetings and in an additional reader. Contributions from the expert teachers and
subject-matter experts revealed that novice teachers often suffered from misconceptions,
for example that DI is equal to personalized instruction, or that adaptive training software
takes care of DI. Specific activities were added to the program to explicitly address these
misconceptions.

Presentation of supportive information
After uncovering the strategies and mental models, a variety of supportive materials
was created. These included interactive lectures, modeling examples, group discussions,
worked-out examples, a reader, and cognitive feedback. Under the emphasis manipulation
approach, each task class focused on specific task aspects, so the supportive information
was aligned to these aspects. As Table 2 indicates, the program starts with three meetings that focus heavily on elaboration (i.e., developing the necessary cognitive schemas
by linking new knowledge to prior knowledge). In the first meeting, the coach introduced
the whole task in interactive lectures. In guided group discussions, the school team further
elaborated on existing ideas and possible misconceptions about DI. To illustrate cognitive
strategies and domain models, multiple modeling examples were studied.
We created these modeling examples by recording expert teachers in their classroom
demonstrating DI during the lessons. We added picture-in-picture narrations in which
experts explain how the five principles (see Fig. 4) govern the actions and decisions visible
on the screen (Frerejean et al., 2018; Van Gog, Paas, & Van Merriënboer, 2004). Figure 4
shows a screenshot of the classroom recording with narration.
After teachers developed a good understanding of the whole task in the first meeting,
the coach zoomed in on the skill preparing a lesson period in the second meeting (cf.,
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Fig. 4  The video shows a recording of the teacher teaching the lesson while the foreground overlay shows
the same teacher commentating on the reasoning behind her actions

the zoom-lens metaphor in Reigeluth’s Elaboration Theory (1979)). Relevant SAPs for
analyzing test information, setting and formulating period goals, and clustering students
were provided in an interactive lecture and demonstrated by studying parts of additional
modeling examples. This was accompanied by an imitation task where teachers received a
worked-out example of a period plan and were asked to make their own period plans with
guidance from the coach. An identical approach was used in the third meeting, but focused
on preparing an individual lesson. These first three group meetings were planned in consecutive weeks. Furthermore, modeling examples and worked-out examples of period
and lesson plans were made available to the teachers for self-study. Presenting a series of
modeling examples allows teachers to compare specific examples in multiple contexts and
identify strategies that fit their context best, a particularly effective learning activity (Alfieri, Nokes-Malach, & Schunn, 2013). Where necessary, the coach also referred teachers to
existing documents or manuals regarding didactic models, the interpretation of test reports,
or the adaptive training software. After the third team meeting, the series of task classes
was initiated, involving extensive independent practice in the classrooms. All task classes
followed an identical organization. They started with an introductory lecture, included cognitive feedback during the task class, and ended with a reflection session.
In task class 1, emphasis was on lesson introduction, lesson ending, and reflection for
the short term. At the beginning of the task class, the coach provided interactive lectures
and teachers were asked to study relevant parts of the modeling examples. During the task
class, teachers practiced independently in their own classrooms and could study the provided reader and modeling examples. The coach visited each teacher once in each task class
to record and observe the lesson. She assessed the teacher’s performance using the scoring sheet to identify omissions and errors in the teacher’s approach and provided cognitive
feedback with suggestions for improvements. These feedback sessions focused only on the
emphasized aspects and the teacher’s personal learning goals. Each task class ended with
a reflection session in which the full school team was present. Together with the coach,
the team reflected on the improvements made thus far, reviewed recordings from that task
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class, and discussed implications for the school climate. Such reflections are essential for
forming a professional learning community with school-wide attention to differentiation
practices and a strong culture of continuing professional development (e.g., Garet et al.,
2001; Timperley, 2008). Exchanging approaches, strategies, knowledge, and experiences
may also improve and expand cognitive schemas and teaching repertoires (i.e., stimulate
elaboration), which also directly affected the development of strategies for addressing students’ educational needs.
Task class 2 emphasized monitoring progress and achievement. In the introductory lecture, the coach introduced relevant SAPs, such as strategies for assessing student work and
observing student behavior (i.e., attention, work ethic, etc.) to gauge the student’s level of
understanding. During the task class, the coach visited one lesson and provided cognitive
feedback on the teachers’ monitoring performance. In the following reflection session, the
school team reflected on teachers’ improvement in their ability to monitor student understanding and exchanged experiences. In task class 3, emphasis was on monitoring and
adapting instruction to the student’s level of understanding, for example by grouping students in specific ways or by providing more concrete or more abstract instruction depending on the needs of the individual or group. Again, this was introduced in a lecture and
modeling examples before the task class, evaluated during the task class with an observation and subsequent cognitive feedback, and discussed in the concluding reflection session
after the task class. In the fourth and final task class, emphasis was on the most complex
activity: teaching students how to self-regulate. The modeling examples, feedback, and
reflection session were aimed at teaching how to gradually give students controlled freedom to evaluate their mastery of the lesson goal, to choose whether they want to participate
in the instruction, and to choose suitable materials for study.

Steps 7–10: Designing procedural information and part‑task practice
Procedural information helps the learner construct appropriate cognitive rules in long-term
memory for the performance of routine aspects. Part-task practice constitutes repeated
practice for routine aspects that require a high level of automaticity. The CTA revealed that
providing DI is a predominantly cognitive complex task. It is highly flexible and involves
a substantial amount of reasoning, decision-making, and problem-solving. The constituent
skills shown in the skill hierarchy in Fig. 1 are therefore largely non-routine skills. Yet,
some aspects of DI are performed in identical ways across tasks and could be characterized
as routines. In fact, we distinguished three types of routine skills. Firstly, we observed that
experts were very proficient in classroom management and had many routines to quickly
achieve a quiet and attentive atmosphere in which students worked and behaved productively. As teaching classroom management skills would take up valuable time, we decided
that classroom management training was outside the scope of this program. Participating
schools were informed that teachers should possess at least a basic level of teaching and
classroom management skills.
A second category of routine aspects related to using tools or software, such as looking up student data in the school’s student tracking system or using adaptive training software. To master these routines, teachers could consult existing manuals or experts in the
school or rely on specific workshops provided by the producer of the software. The coach
had relevant experience in this domain and was therefore well-equipped to assist teachers
with these routines on demand. The third category consists of continually ongoing routines
and automated responses to maintain an awareness of what is happening in the classroom
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(Wolff, Jarodzka, & Boshuizen, 2017, 2020). Knowing where to look and how to “read”
whether a student understands the material by interpreting facial expressions and body language might constitute one of these routines. We must note that these routines were not
directly reported by the experts during the CTA. When such routines are repeated often,
they become automated and are performed without conscious processing. It is therefore
not surprising that experts find it difficult to articulate such tacit knowledge (Clark et al.,
2008). Whether specific procedural information can be developed to better assist teachers
with these routines remains an interesting open question that deserves further research. For
now, we relied on the continuous whole-task practice for integrated development of such
routines.
To conclude, the procedural information in the program consisted of existing materials for dealing with software and the on-demand step-by-step information provided by the
coach. As there was no necessity to repeat skills until they are automated, part-task practice
was not included in this program.

Blueprint
Table 3 shows the final blueprint for the design of the initial group meetings at the start of
the PD program, and Table 4 shows a detailed description of one task class. Note that subsequent task classes were identical in organization but only emphasized different aspects of
the whole task as described in Table 2 and in the section “Presentation of supportive information”. Each task class spanned approximately four weeks. The final task class ended
with a group meeting in which school teams shared their experiences and reflect on their
overall improvement. This concluded the five-month PD program.

Motivation and affect
In this section we briefly explore how the current blueprint may affect learners’ motivation and emotion through the lens of self-determination theory (Ryan & Deci, 2000). Selfdetermination theory states that motivation will result from the satisfaction of three psychological needs: competence, autonomy, and relatedness. We believe the current blueprint
is effective in fostering feelings of competence. Relevant learning tasks in the own classroom constitute meaningful and useful learning activities that make improvement immediately visible to the teacher. Cognitive overload is avoided by emphasis manipulation
and providing sufficient support and guidance. We expect that the emphasis manipulation
approach combined with individual coaching will create positive emotions and motivation
to keep learning.
Autonomy refers to feelings that success is a result of one’s own actions instead of external factors. At first glance, it might seem the program does not provide much autonomy, as
all activities are planned in advance. However, teachers formulate personal learning goals
that are addressed in the individual coaching sessions. In addition, participating schools
are required to show that at least 80% of the teacher corps is willing to participate in this
training voluntarily, meaning that there is sufficient support from the onset. This should
contribute to feelings of autonomy and in turn improve motivation.
Finally, motivation is improved if feelings of relatedness are stimulated. The program
is placed in the school and frequently stimulates the team to exchange experiences, share
feedback, and discuss school-wide best practices. If this collaboration can be sustained it
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Table 3  Overview of the PD program: group meetings
Group meetings
The program starts with several group meetings in which participants received instruction, studied
worked-out examples, such as correctly formulated instructional goals or filled-out lesson preparation
formats, and studied modeling examples of an expert differentiating during a mathematics lesson (i.e.,
illustrating a SAP). In other tasks, teachers worked on creating period plans or lesson plans while being
coached.

Supportive information
– Graphic depicting the phases and principles involved in DI (see Fig. 3)
– SAP for preparing a lesson period
– SAP for preparing a lesson
– Several modeling examples illustrating the SAPs and principles
– Worked-out examples of period plans and lesson plans
Learning task 1.1: shared mental model
Group meeting 1 (week 1)
A group brainstorm for developing a shared mental
First-day introduction. The whole school team is
model of DI. Participants create a mindmap of their
present at this all-day group meeting, containprior knowledge concerning DI skills, strategies,
ing a series of learning tasks to kick off the PD
tools, school rules, etc
program. In general, the learning tasks are meant
Learning task 1.2: modeling example
to provide a shared mental model of the whole
The four phases of DI are presented and particitask of DI with its phases and principles and to
pants watch segments of a modeling example (see
address possible misconceptions at the start of the
Fig. 4) in which a teacher explains her actions and
program. At the end of the session, the particithought processes during these phases. Segments
pants create personal learning goals.
are interspersed with short group discussions led by
the coach
Learning task 1.3: misconceptions
Using a set of prepared statements relating to frequent misconceptions on DI, the coach engages the
group in a discussion to resolve differing perspectives on what DI is and how it should be provided
Learning task 1.4: domain knowledge
Participants fill out an online survey testing their
knowledge on conditions for effective DI, didactics
of mathematics and mathematics curricula. The
coach discusses the results
Learning task 1.5: modeling example 2
The five principles for effective DI are presented and
the coach shows fragments from different modeling
examples that illustrate these principles. After each
segment, the group is engaged in a short discussion
Learning task 2.1: imitation task
Group meeting 2 (week 2)
After an interactive lecture on period preparation, the
The whole school team is present at this half-day
coach provides guidance and supportive materigroup meeting, containing a series of learning
als to help participants collaboratively perform
tasks focused on how to prepare for a lesson
the activities involved in preparing a lesson
period.
period, such as reformulating instructional goals,
interpreting test results, identifying educational
needs, grouping students, and choosing a didactical
approach
Learning task 3.1: modeling example
Group meeting 3 (week 3)
Participants watch fragments from a modeling
The whole school team is present at this half-day
example showing how an expert teacher prepares a
group meeting, containing a series of learning
lesson, followed by a short group discussion
tasks focusing on how to prepare individual lesLearning task 3.2: imitation task
sons.
Similar to task 2.1, the coach introduces and explains
the SAP for preparing a lesson and a worked-out
example. Teachers collectively follow along, preparing their individual lessons
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Table 4  Overview of the PD program: Task class 1
Task class 1 (weeks 4–8)
After the group sessions, participants have studied several modeling examples and should be competent in
preparing lesson periods and individual lessons. In the first task class teachers practice individually in
their daily mathematics lessons, focusing only on a subset of the skills: introducing the lesson, ending
the lesson, and evaluating for the short term (i.e., the next lessons).

Supportive information
– Graphic depicting the phases and principles involved in DI (see Fig. 3)
– SAP for preparing a lesson period
– SAP for preparing a lesson
– Several modeling examples illustrating the SAPs and principles
– Worked-out examples of period plans and lesson plans
Procedural information
Learning tasks
Help with using the student tracking system or with
For four weeks, teachers practice the newly learned
adaptive software is available on-demand in the
skills in their daily mathematics lessons. Essential
school or from the coach
is that teachers learn how to apply the five principles for effective DI while executing these skills.
Supportive information: cognitive feedback
The coach is present during one of the lessons and provides individual cognitive feedback on the participant’s performance in a feedback session at the end of the day, focusing on introducing, ending, and
evaluating the lesson.
Supportive information: reflection session
The task class ends with a group meeting in which the school team shares their experiences and reflects
on their improvements and personal learning goals. During this session, the coach also introduces the
emphasized aspects of the next task class.

can lead to strong professional communities of practice and catalyze continuous professional development (De Neve & Devos, 2016; Steinert et al., 2016; Stoll et al., 2006). The
direct one-on-one relationship with the coach may contribute to feelings of relatedness
as well. To conclude, we are optimistic that psychological needs of competence, autonomy, and relatedness are sufficiently satisfied in order stimulate motivation and positive
emotions.

Discussion
To answer the question of how instructional design teams can design an educational program aimed at teaching unfamiliar complex skills in the workplace, we have demonstrated
how the Ten Steps approach can guide a design team through an extensive analysis of
expert performance and the design of a 4C/ID-based PD program for in-service teachers.
In hindsight, we can reflect on several strengths and weaknesses of the Ten Steps design
approach and its product, the blueprint.
Regarding the Ten Steps process, we emphasize that its strength lies in the comprehensive systematic approach and clear guidelines for the design of an effective training program, particularly when the task is still relatively unfamiliar and there are few ready-made
instructional materials available. It prescribes clearly which aspects of the complex skill
should be analyzed and how these analyses can inform the subsequent design of training
components. While other task-centered ID models could have been used, such as cognitive
apprenticeship (Brown, Collins, & Duguid, 1989), elaboration theory (Reigeluth, 1979), or
first principles of instruction (Merrill, 2002), they share many characteristics with 4C/ID
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(Francom & Gardner, 2014). The 4C/ID model stands out as one of the most comprehensive models that is accompanied by an extensive ten-step approach to guide its application.
But the Ten Steps should not be mistaken for an easy procedure. It requires considerable
investment to ensure the designers are familiar with 4C/ID, the Ten Steps, and approaches
to CTA, but also to identify experts in the network and recruit them for participation in the
analysis and design. The CTA was a dynamic and iterative process, resulting in many hours
of video and audio recordings that required transcription, repeated verification, refinement,
and integration. Creating a shared understanding of continually changing data and consulting various stakeholders was highly demanding in terms of time and resources. The design
and development of this five-month program spanned nearly two years.
Another weakness pertains to the scope of the Ten Steps. It provides a comprehensive
manual for the design of an effective and efficient training program, but not for all required
activities in an instructional design project. For other common activities, such as learner or
context analysis, development of instructional (multimedia) materials, implementation in
context, stimulating learner motivation, and evaluation, if offers little guidance. Instead, the
Ten Steps focus solely on analysis and design and includes advice to use additional models
to guide such other design activities.
Turning to the blueprint, we can similarly identify strengths and potential weaknesses.
A major strength is that the blueprint is based on an extensive content and task analysis.
Not many publications on instructional designs articulate the analysis activities that preceded and informed the design. Presumably, most programs are created in collaboration
with subject-matter experts (SMEs) that provide the content. However, relying solely on
experts without extensive questioning and analysis carries several risks (Clark et al., 2008).
Firstly, SMEs are not always expert performers and might report different understandings
and representations of the tasks and the required knowledge and skills than the experts
who actually perform the professional task in the field. Secondly, experts have difficulty
articulating the decisions they make automatically and unconsciously, potentially leaving
out important information that is essential for beginners. Finally, experts might mistakenly
project their extensive cognitive schemas onto novice learners and be tempted to prescribe
learning activities that are more suited to advanced learners (e.g., problem-solving) instead
of activities suited for novice learners, such as studying examples (Kirschner, Sweller, &
Clark, 2006). This paper explicitly illustrates how these risks were mitigated by CTA techniques and by integrating contributions from differentiation experts, school and teacher
development experts, teacher trainers, inspection experts and instructional designers to create an effective PD program. The resulting design strategically combines learning activities
that stimulate the essential learning processes required for learning a complex skill such as
DI.
A second strength is that the design is strongly informed by research and based on
available best practices. Firstly, the application of 4C/ID ensures the use of solid educational principles to stimulate complex learning without creating cognitive overload. The
current blueprint provides an elaborate example of how 4C/ID principles can be applied
to workplace-based learning in a longitudinal program that provides sufficient opportunities to develop complex skills. Secondly, the 4C/ID guidelines were combined with
domain-specific guidelines from teacher PD literature (for a review, see: Steinert et al.,
2016). Consequently, the current design has many commonalities with other effective
PD programs (e.g., Brigandi, Gilson, & Miller, 2019; Prast et al., 2018; Valiandes &
Neophytou, 2017): The current design places the program within the school, involving
not only teachers but also school leaders and supporting staff. It also focuses on relevant
content, addressing relevant didactic models, highlighting relevant domain knowledge
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and demonstrating expert strategies. And it is a longitudinal program. Teacher PD programs sometimes take the form of a series of short workshops aimed at a particular
strategy or approach. Such short interventions may be effective to raise awareness and
teach new content, but the transfer of knowledge and skills to daily practice in the workplace is often not evident. A longer duration is generally associated with higher-quality
programs (Stes et al., 2010). The current program instead aims at whole task training
that provides teachers with an extensive knowledge base and repertoire of strategies in
order to flexibly adopt to changes and make good decisions in unfamiliar situations. The
five-month runtime seems to provide ample time to reach the desired outcomes, particularly with daily opportunities for practice, although it must be noted that reaching sustainable improvements and substantive changes to practice might even take one to two
years, according to Timperley (2008).
Furthermore, the current program combines some innovative PD approaches. One of
which are the video modeling examples that show recordings of real-life expert teachers in their own classroom, demonstrating DI practices in actual lessons. The modeling examples are particularly effective because they do not only show overt teacher
behavior, but also reveal covert cognitive processing with an integrated narration by the
respective teacher. Additionally, individual coaching is not based on observations, but
on classroom recordings that are reviewed together with the teacher and provide strong
cues for stimulating self-awareness and reflection. Finally, stimulation of communities
of practice plays an important role, as the school team is regularly invited for reflection meetings to exchange experiences and to discuss alignment between teachers across
classrooms.
We can also identify several points where we believe the program might be improved
during future iterations. Most notably, it was indicated earlier that novice and experienced teachers can differ significantly in terms of prior knowledge and learning needs.
The program is designed for teachers who have achieved an entry level of basic teaching skills, such as classroom management and providing direct instruction. While some
flexibility is incorporated in the form of personal learning goals, it might be the case
that the program is too demanding for early-career teachers. Somewhat ironically then,
the program might be limited in its ability to flexibly differentiate and align to the needs
of individual participants. In addition, we noted that the current program characterizes
DI skills as predominantly nonroutine and subsequently focuses strongly on elaboration and inductive learning to construct elaborate cognitive schemas. The formation and
automatization of rules to perform routine aspects receives less attention. Future evaluations should indicate whether the program needs adjustments to address routine aspects
of the skill more strongly, and perhaps whether it should include part-task training to
drill certain aspects to the point of automated performance. Finally, evaluations of the
program should reveal the degree to which it addresses affective and motivational goals,
and whether changes are necessary to make the program more pleasant or motivating.
To conclude, the proof of the pudding is in the eating. Previous research claims high
effectiveness of CTA-based training (Clark, 2014; Tofel-Grehl & Feldon, 2013) and
such designs are published regularly in medical education (see: Cannon-Bowers et al.,
2013; Clark et al., 2012; Tjiam et al., 2012; Velmahos et al., 2004). The current paper
translates this approach to the domain of teacher PD. It reports the results of the CTA
and how they led to the current blueprint, but actual outcomes in terms of changes in
knowledge, skills, and attitudes of the participating teachers, organizational changes in
the participating schools, and perhaps students’ learning outcomes in the classroom, can
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only presented after future evaluations have taken place. Based on these outcomes and
evaluations, areas for improvement can be identified.

Conclusion
This paper presents the design process and blueprint for a primary school teacher PD
program aimed at fostering DI skills. It provides two unique contributions to the existing body of literature on instructional design. Firstly, it shows that the utility of a CTAbased instructional design transfers to domains outside of medical education. Secondly,
it adds to the scarce literature illustrating the application of the Ten Steps approach.
The guidelines presented in the Ten Steps form an essential tool for creators aiming to
develop research-informed and task-centered educational programs. Yet the Ten Steps
are comprehensive, and its guidelines are complex. When teaching complex systematic
approaches to solving a problem, 4C/ID advises to provide illustrations in the form of
modeling examples. This paper aims to be such a modeling example, written for the
benefit of those in search of an approach to analyze and teach complex skills.
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