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ABSTRACT

KEYWORDS

Providing diﬀerentiated instruction (DI) is considered an important
but complex teaching skill which many teachers have not mastered and feel unprepared for. In order to design professional
development activities, a thorough description of DI is required.
The international literature on assessing teachers’ diﬀerentiation
qualities describes the use of various instruments, ranging from
self-reports to observation schemes and from perceived-diﬃculty
instruments to student questionnaires. We question whether these
instruments truly capture the complexity of diﬀerentiation. In
order to depict this complexity, a cognitive task analysis (CTA) of
the diﬀerentiation skill was performed. The resulting diﬀerentiation skill hierarchy is presented here, together with the knowledge
required for diﬀerentiation, and the factors inﬂuencing its complexity. Based on the insights of this CTA, professional development trajectories can be designed and a comprehensive
assessment instrument can be developed, enabling researchers
and practitioners to train, assess, and monitor teaching quality
with respect to providing diﬀerentiated instruction.
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Diﬀerentiation as part of teaching quality
Ideally, teachers should not use a one-size-ﬁts-all basis but diﬀerentiate instruction
activities deliberately so that students receive instruction that matches their needs
(George, 2005). Parsons et al. (2018) even stated that adapting instruction is “a cornerstone of eﬀective instruction” (p. 206) and “considered the gold standard teachers
should strive for” (p. 206). This is not an easy task; diﬀerentiated instruction (DI) is
regarded as a complex teaching skill (Deunk, Doolaard, Smale-Jacobse, & Bosker, 2015;
Van de Grift, Van der Wal, & Torenbeek, 2011). Research by the Dutch Inspectorate of
Education (Inspectie van het Onderwijs, 2014, 2015a, 2015b) showed that teachers
insuﬃciently adapt their instruction to student diﬀerences. Furthermore, the majority
of beginning teachers feel unprepared for this task (Inspectie van het Onderwijs, 2015a).
As such, it would be desirable to design a professional development trajectory or
redesign the teacher-training curriculum to enhance this skill in (beginning) teachers.
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To enable the design of such an intervention, a clear deﬁnition of “quality”
diﬀerentiated instruction is required. Tomlinson and Imbeau (2010) have stated that
“the core of the classroom practice of diﬀerentiation is the modiﬁcation of four
curriculum-related elements – content, process, product, and aﬀect – which are
based on three categories of student needs and variances – readiness, interest, and
learning proﬁle” (p. 15). Bosker (2005) adopted a broader approach, deﬁning diﬀerentiation as adapting “aspects” of education (such as student grouping, learning
goals, teaching time, or instructional strategy) to “diﬀerences” between students
(primarily regarding performance and readiness, but also, for example, regarding
intelligence, personality, or motivation). Roy, Guay, and Valois (2013) described diﬀerentiated instruction as “an approach by which teaching is varied and adapted to
match students’ abilities using systematic procedures for academic progress monitoring and data-based decision-making” (p. 1187).
Each of these deﬁnitions stresses the adaptation of aspects of instruction to diﬀerences between students. However, it remains uncertain what “high-quality” adaptations
are, how this is enacted in classrooms, and what is required from teachers (Deunk et al.,
2015; Park & Datnow, 2017). To obtain insights into the practice and quality of diﬀerentiated instruction and to determine how providing DI could be trained and assessed
in practice, the literature has been reviewed for instruments that researchers have used
to measure the quality or degree of diﬀerentiation, as the construction of such instruments requires an explicit operationalization of teacher behavior.

How diﬀerentiation is measured
We searched for a variety of studies that report the use of an instrument for assessing
diﬀerentiated instruction, via Scopus, ERIC, and Google Scholar, but do not claim to
present an exhaustive inventory of such instruments here. In the retrieved studies, we
mainly found instruments based on self-report regarding DI practice (Coubergs,
Struyven, Vanthournout, & Engels, 2017; Prast, Van de Weijer-Bergsma, Kroesbergen,
& Van Luit, 2015; Roy et al., 2013) and instruments for measuring the perceived
diﬃculty of DI strategies (Gaitas & Alves Martins, 2017), teachers’ attitudes towards
DI (Coubergs et al., 2017), and teacher self-eﬃcacy regarding DI (Prast et al., 2015;
Wan, 2016). Furthermore, several lesson observation schemes aimed at assessing
whether a teacher applies speciﬁc diﬀerentiation strategies were reviewed
(Tomlinson, Brimijoin, & Narvaez, 2008; Van de Grift et al., 2011; Van Tassel-Baska,
Quek, & Feng, 2006). Also, two student questionnaires were included. The ﬁrst questionnaire was designed by Nelson, Ysseldyke, and Christ (2015), which included ﬁve
items on diﬀerentiated instruction and the second by Chamberlin and Powers (2010),
containing 14 items that were used to measure perceived diﬀerentiation in college
mathematics. The ﬁnal instrument in our selection was the Adaptive Planning and the
Adaptive Implementation Competency test, in which teachers were asked to respond
to a vignette and to a video (Vogt & Rogalla, 2009). The scores on these tests were
determined on several DI dimensions. However, speciﬁc indicators used to compute
these scores were lacking, so in our overview we included the more general DI
dimensions Vogt and Rogalla (2009) provided.
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Scales and factors
In order to obtain a clear picture of the concepts researchers focus on when measuring
diﬀerentiation, we ﬁrst studied the scales and factors (either predetermined subscales or
factors based on factor analysis) as presented in the diﬀerent studies. We grouped these
scales and factors into six overarching categories. Three of these categories concern
diﬀerentiation prior to instruction. The ﬁrst is referred to as curriculum: to enable
diﬀerentiation, teachers should be subject-matter experts with suﬃcient pedagogical
content knowledge, and they should be able to plan a sequence of learning tasks.
Furthermore, teachers are expected to identify instructional needs by means of analyzing
assessment data and evaluating student progress, and set challenging goals based on
the curriculum and students’ needs. During the lesson, teachers should monitor and
diagnose student progress, and adapt instruction and activities accordingly. The sixth and
ﬁnal category consists mainly of general teaching quality dimensions such as creating a
safe classroom climate and teaching relatively speciﬁc student skills such as criticalthinking or research strategies.
A more detailed analysis of the distribution of items across these scales and factors
showed that adapting instruction proved to be the major focus of the instruments we
studied involving 124 out of 294 items. Within these items, we noticed several recurring
themes. In order to gain more insight into how these instruments aim to measure
adapting instruction, we manually coded each item according to the content that it
suggests should be adapted. The resulting codes were grouping, materials, assignments
and tasks, pace and provided learning time, questions, classroom activities, and instruction. In Table 1, an overview of these categories and some examples from diﬀerent
instruments are presented.
Reviewing literature on diﬀerentiation instruments revealed that they primarily focus
on the adjustments that can be made in the classroom. However, the question remains
as to whether the use of these instruments really provides insight into the nature of
diﬀerentiation. As Deunk et al. (2015) stated: “the key of successful diﬀerentiation may
not merely be placing students in groups but actually adapting the teaching to the
needs of diﬀerent ability groups” (p. 49). We argue that this statement holds for all
aspects in which teachers can adapt instruction; the match between students’ needs and
the adaptation is crucial to the real quality of the adaptation. However, items assessing
this match explicitly are lacking. Although items such as “Attended appropriately to
students who struggle with learning” in Tomlinson et al.’s (2008) observation scheme or
“I adapt the level of abstraction of instruction to the needs of the students” from the
self-assessment instrument by Prast et al. (2015) appear to relate to this match, it is
unclear how the observer or teacher would be able to indicate the appropriateness of
the adaptation(s).
Corno (2008) stated that “researchers need to know more about the actual practice of
adaptive teaching” (p. 161) as a basis for teacher professionalization. In accordance with
Deunk et al. (2015) and Corno (2008), we can conclude that the operationalizations of
diﬀerentiation in previous studies, although informative, do not provide much insight
into the acting and reasoning of teachers who diﬀerentiate instruction well. Such insight
is required to measure diﬀerentiation as an aspect of teaching quality. In other words,
we need to know what quality diﬀerentiation looks like as a basis for improving and
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Table 1. Example items per category within “adapting instruction” scales.
Type
Grouping

Materials

Tasks and
Assignments

Pace and Time

Questions

Activities

Explanation/
instruction

Self-reported practice

Item

Flexible grouping is used (e.g.,
heterogeneous, homogeneous, crossage, between-class, within-class)
Observation scheme
Varied student groupings: individuals,
pairs, small groups
Perceived diﬃculty
How diﬃcult is: using diﬀerent materials
for struggling learners
Student questionnaire My teacher helps me with materials that
are on my level.
Observation scheme
The teacher adapts the assignments and
processes to the relevant diﬀerences
between students
Self-reported practice During my lessons, diﬀerent students
work on diﬀerent tasks with a
diﬀerent level of diﬃculty
Self-reported practice I adapt the pace of instruction to the
needs of the students
Student questionnaire Class time is used ﬂexibly according to
students’ needs – Class time is
inﬂexible
Student teacher beliefs By posing diﬀerent questions, I can test
upon DI
understanding at various levels
Self-reported practice Questioning is planned strategically and
adjusted spontaneously
Perceived diﬃculty
How diﬃcult is: adapting classroom
activities based on students’ interests
Self-reported practice I adjust diﬀerent types of practice to the
needs of the students in the
classroom (e.g., having a speciﬁc child
complete exercises on the computer
because this child learns more in this
way)
Obervation scheme
Teacher accommodated individual or
(rating
subgroup diﬀerences
eﬀectiveness)
Self-reported practice I regularly provide high-achieving
students with additional instruction
or guidance at their level, in a group,
or individually

Source
(Rock, Gregg, Ellis, & Gable,
2008)
(Tomlinson et al., 2008)
(Gaitas & Alves Martins,
2017)
(Nelson et al., 2015)
(Van de Grift et al., 2011)
(Coubergs et al., 2017)
(Prast et al., 2015)
(Chamberlin & Powers, 2010)
(Wan, 2016)
(Rock et al., 2008)
(Gaitas & Alves Martins,
2017)
(Prast et al., 2015)

(Van Tassel-Baska et al.,
2006)
(Prast et al., 2015)

assessing the quality of diﬀerentiation. Our aim is to gain more insight into how primary
school teachers, considered diﬀerentiation experts, adapt math instruction to diﬀerences
between students. Our empirical study is guided by the following research questions: (1)
Which constituent skills are required for diﬀerentiated instruction? (2) What kind of
knowledge is required for diﬀerentiated instruction? (3) Which factors contribute to
the complexity of diﬀerentiated instruction?
In order to answer these questions, a cognitive task analysis (CTA) was performed.
The CTA focused on the actions and reasoning of teachers exposed to real-life classroom
situations requiring instructional diﬀerentiation.

Method
Cognitive task analysis
Cognitive task analysis is a technique used to identify, analyze, and structure the skills
and knowledge used by experts during the performance of a complex task (Clark, 2014).
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This method is suitable for obtaining insight into the actions and reasoning of teachers
when performing the complex task of diﬀerentiation. CTAs are conducted in many other
ﬁelds, for example, to collect input for designing computer systems, developing training
programs, or developing assessment instruments (Schraagen, Chipman, & Shalin, 2000).
Although numerous CTAs have been conducted in a variety of contexts within diﬀerent
domains (Clark, Feldon, Van Merriënboer, Yates, & Early, 2008), a CTA of teacher behavior
in primary education, as far as we know, is novel.
A CTA leads to an integrative, coherent description of the prerequisites for performing professional tasks adequately (Van Merriënboer, 2010). We decided to follow the
ﬁve-steps CTA process, which is dominant in most of the CTA methods and identiﬁed by
Clark et al. (2008). The focus here was on how diﬀerentiation was performed in practice.
The following steps were performed: (1) collect preliminary knowledge, (2) identify
knowledge representations, (3) apply focused knowledge elicitation methods, (4) analyze and verify data acquired, (5) format the results for the intended application.

Procedure
Table 2 presents how the steps described by Clark et al. (2008) have been conducted in
the present study. Step 1, collecting preliminary knowledge required for conducting the
CTA, encompassed a literature study on diﬀerentiation, and focused on inventorying
real-life situations and tasks requiring teacher diﬀerentiation skills through classroom
observation and interviews. In Step 2, identifying knowledge representations, the format
in which knowledge (as collected in Steps 3 and 4) will be represented is determined.
For that purpose, the present study followed the 4C/ID (four components instructional
design) model by Van Merriënboer and Kirschner (2018). The representations refer to (a)
a skill hierarchy in which all constituent skills and their mutual relationships are
described, (b) an overview of the associated knowledge enabling teachers to execute
these skills (cognitive strategies, mental models, and cognitive rules), and (c) factors
related to complexity that are used to sequence diﬀerentiation tasks based on their
complexity. For Step 3, applying elicitation methods, observations of lessons by expert
teachers were used, followed by semistructured interviews with these teachers (stimulated recall), and combined with information from a joint expert meeting with them. The
Table 2. CTA steps.
Steps according to Clark et al. (2008)
Step 1: Collect preliminary knowledge

In current study
Literature study
Classroom observations to identify real-life tasks and situations that
require diﬀerentiation skills
Step 2: Identify knowledge
Based on 4C/ID
representations
Skill hierarchy
Required knowledge
Complexity factors
Step 3: Apply focused knowledge
Semistructured interviews based on classroom observations in Step 1
elicitation methods
(stimulated recall)
Expert meeting with teachers
Step 4: Analyze and verify data acquired Iterative qualitative analysis of data from observations, interviews, expert
meeting with teachers
Expert meeting with subject-matter experts
Step 5: Format results for intended
At a later stage, the results will be used to design a teacher training
application
program
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classroom observations and individual interviews at this step are the same as those in
Step 1. Therefore, in practice, Steps 1 and 3 were partially performed simultaneously. For
Step 4, analyzing and verifying the data acquired, we analyzed the data collected in Step
3 and subsequently veriﬁed this information in an expert meeting with other (subjectmatter) experts. Step 5, ﬁnally, did not play a role yet. This step refers to using all the
information collected for designing a training program for teachers.
The description of the constituent skills and their relations were, as decided upon in
Step 2, represented in a skill hierarchy with “diﬀerentiation” on top. The relatively more
speciﬁc constituent skills at lower levels enable the learning and performing of skills
higher up in the hierarchy. For each identiﬁed constituent skill, the question is always
which skills are necessary for performing that particular skill (Van Merriënboer & Tjiam,
2013). Moreover, the required constituent knowledge was identiﬁed, as well as the
factors contributing to the complexity of executing the task.

Expert teachers and subject-matter experts
Two groups of experts were consulted to obtain a comprehensive image of the complex
diﬀerentiation task. First, nine primary school teachers, considered to be diﬀerentiation
experts, were identiﬁed through a network of school inspectors, educational consultants,
school boards, and teacher training institutes. Criteria for inclusion were that they were
teaching in Grades 1 to 6 in regular primary schools (precluding Montessori, Jenaplan,
and Dalton schools) in which regular mathematics textbooks were used. Characteristics
of these teachers are presented in Table 3. As is for the majority of primary school
teachers in The Netherlands, these expert teachers taught mathematics based on
instructional plans in which they describe the instructional approach they planned to
follow for several ability groups (Inspectie van het Onderwijs, 2010).
In addition to the expert teachers, 10 subject-matter experts were selected from the
networks of the authors. The aim was to compose a group of experts with varying
perspectives on diﬀerentiation. This group of subject-matter experts included three school
inspectors, four educational consultants, one teacher trainer, and two researchers. The
expert group consisted of experts on the pedagogy of mathematics (educational consultants and researchers), professionals who provide training courses in diﬀerentiated instruction (teacher trainers and educational consultants), experts who study diﬀerentiation
(researchers), and those who evaluate diﬀerentiation (school inspectors).
Table 3. Characteristics of expert teachers at the time of the classroom observation.
Teachera
Willem
Harm
Karin
Manonb
Mette
Saskia
Heleen
Evertb
Jannekec
a

Gender Age Years of experience
Male
34
10
Male
36
9
Female 28
6
Female 28
6
Female 24
3
Female 25
4
Female 52
33
Male
30
7
Female 34
9

Names are pseudonyms.
Observed, but not present at the expert meeting.
c
Present at the expert meeting, but not observed.
b

Grade Number of students
5/6
22
4
24
6
28
4
17
1
25
1/2/3
12
1
16
6
19
5/6
27

Fulltime
No
No
Yes
Yes
Yes
No
No
Yes
Yes

Selected via
School board
Educational consultant
Inspectorate of education
Educational consultant
Teacher trainer
School board
Inspectorate of education
Researcher
Educational consultant
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Data collection
As is shown in Table 2, the ﬁrst step involved collecting preliminary knowledge required
for conducting the CTA and making an inventory of real-life tasks and classroom
situations that require diﬀerentiation skills. This was done through classroom observation during mathematics lessons, followed by semistructured interviews (Step 3 according to Clark et al., 2008), and, after all observations and interviews had been conducted,
a joint expert meeting was held with these teachers (Step 4 according to Clark et al.,
2008). Next, the subject-matter experts were consulted with the goal of verifying and
expanding the data collected from teachers (Step 4 according to Clark et al., 2008). Data
collection and analysis were conducted iteratively in which each stage of data collection
was followed by a (short) analysis providing input for the next stage. After this trajectory,
a comprehensive analysis was conducted, leading to the results presented in this paper.

Classroom observations and interviews
During the ﬁrst step of the CTA, two subsequent mathematics lessons of eight teachers
were videotaped. This allowed us to obtain more insight into their diﬀerentiation
approaches and strategies, their reasoning, and the constituent skills required for
diﬀerentiating. By means of stimulated recall, a retrospective approach that can be
used for clarifying decision-making processes (Vallacher & Wegner, 1987), a semistructured interview was conducted after each classroom observation. In these interviews, 3
to 10 lesson fragments were reviewed and discussed. The researcher selected situations
that appeared to require teacher diﬀerentiation skills. To obtain insight into the teacher
activities and considerations, the researcher asked questions such as “What are you
doing here? With what goal?”; “What are you doing with the information you obtain
from X?”; “X happens, what did you do based on that?” (Vallacher & Wegner, 1987). In
order to obtain as much information as possible, the researcher could ask the teacher to
elaborate. To acquire a comprehensive conceptualization of diﬀerentiation, each teacher
was asked a number of more general questions about the classroom composition, the
course of events during the lesson in general, lesson preparation, how diﬀerences
between students were addressed during the lesson, the evaluation of student work,
and the complexity of diﬀerentiation. All interviews were recorded and transcribed.
Expert meeting with teachers
The next CTA stage was an expert meeting involving seven of the nine expert teachers.
The ﬁrst goal of this meeting was to make an inventory of diﬀerentiation complexity
factors. For this purpose, two groups of teachers described ﬁve authentic situations
calling for teacher diﬀerentiation skills, sequencing them from simple to complex. Based
on the sequence, an overview was made of the factors that make diﬀerentiation easier
or more complex during a plenary discussion.
The second goal of the expert meeting was to identify teachers’ activities and
decision-making processes during a diﬀerentiated mathematics lesson. Systematic
approaches and (especially implicit) strategies that teachers apply when they diﬀerentiate were gathered by means of an activity in which teachers used post-its to ﬁrst
describe and later sequence their actions during a lesson.
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Subject-matter expert meeting
The ﬁndings from the classroom observations, interviews, and the expert meeting with
teachers were presented to 10 subject-matter experts during a second expert meeting.
The goal of this meeting was twofold. The ﬁrst goal was to verify the ﬁrst version of the skill
hierarchy and the complexity factors. The second goal was to gather input for specifying
the standards for acceptable performance by prioritizing constituent diﬀerentiation skills.
This was done by asking all subject-matter experts to identify those constituent skills that,
in their opinion, were crucial for teachers to diﬀerentiate well. Next, the subject-matter
experts formulated performance standards for these crucial constituent skills. During this
meeting, other constituent skills were also discussed. The discussions in groups as well as
the plenary discussions were audio-taped and transcribed.
Data analysis
The ﬁrst two authors of this article analyzed the data in an iterative process, taking place
parallel to data collection. After each stage of data collection, data were analyzed and
outcomes were used in the subsequent stage of data collection. The researchers started
by studying, summarizing, and sorting the information available from interviews and the
expert meeting with teachers independently from each other. The classroom observations were used as a basis for the interviews and were therefore not analyzed. The
interviews were used for ﬁnding general themes and behavioral patterns mentioned by
a sample of teachers. This information was extended with the systematic approaches as
described by the teachers during the expert meeting. Next, the researchers discussed
their ﬁndings with each other to reach a consensus about the skill hierarchy and the
required teacher knowledge.
Thereafter, the skill hierarchy and the overview of the required knowledge were
presented to subject-matter experts in the second expert meeting. The transcribed
conversations with subject-matter experts were read and coded by the three researchers. First, the researchers independently indicated which stage of task execution a
fragment referred to (preparation of the lesson period, lesson preparation, enactment
of the lesson, lesson evaluation). After this, parts of the texts from the transcribed
interviews were linked to constituent skills within that stage. In the following step, this
information was used to specify the descriptions of the constituent skills within the skill
hierarchy. In addition, we studied how the opinions of subject-matter experts diﬀered
from teachers’ opinions.
To identify the factors inﬂuencing the complexity of diﬀerentiation, the list of complexity factors developed during the ﬁrst expert meeting was used as the starting point.
The factors in this list were rather speciﬁc, and for this reason were coded axially
(Mortelmans, 2007). The factors were grouped and reduced to ﬁve overarching complexity factors. Factors like “teaching a multigrade class” or “many students with behavioral
problems in class”, for example, were coded under the overarching complexity factor
“group composition”. To verify the results, it was assessed whether the factors mentioned by teachers in the general part of the interviews could also be grouped under
these overarching factors – this proved to be the case.
Data collection and analyses were carried out systematically, by means of member
checking, that is, verifying the ﬁndings by presenting them to the participants in the
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study (Creswell & Miller, 2003; Stalmeijer, McNaughton, & Van Mook, 2014). During the
expert meetings, it was veriﬁed whether the interpretation of the data by the researchers was in line with the interpretations by the teachers and/or subject-matter experts.
For example, during the expert meeting with teachers, the researchers summarized and
combined insights from the collaborating groups to immediately verify whether the
information gathered was interpreted correctly. Furthermore, triangulation was achieved
by collecting data in various ways, consulting subject-matter experts from various
backgrounds with diﬀering perspectives, and by having the data analyzed by multiple
researchers from diﬀerent backgrounds.

Results
Skills
From the preliminary data exploration of the classroom observations and the interviews,
it became clear that diﬀerentiation during the lesson cannot be isolated from the phases
of lesson preparation and evaluation. Four chronological diﬀerentiation stages can be
distinguished that are closely interrelated: A teacher prepares a lesson (Stage 2) based
on the evaluation of the previous lesson (Stage 4) and based on his preparation of the
lesson period1 (Stage 1). This preparation enables the teacher to adequately address the
diﬀerences between students during the lesson (Stage 3). Within each of these stages,
several constituent diﬀerentiation skills can be distinguished, as depicted in Figure 1.
Horizontally adjacent constituent skills have a temporal relationship, implying that they
can be performed subsequently, simultaneously, or in a random order. Lower level skills
facilitate the learning and performance of the skills higher up in the hierarchy.
For each skill, so-called “performance objectives” were formulated in consultation
with external experts. These objectives speciﬁed the desired performance, including the
integration and coordination of constituent skills. In these objectives, the interrelatedness of all phases and skills became apparent. For example, the performance objective
for “provide instruction matching needs” (see Figure 1) is an extensive description: For
every instruction activity, the teacher deliberately provides instruction matching the students’ level of achievement and instructional needs (the latter as determined when the
lesson period and the lesson were designed/prepared). However, the teacher also uses the
acquired insights about students’ prior knowledge (e.g., during the introduction of the
lesson) and the information (s)he continuously acquires by monitoring student progress
(e.g., by asking questions and observing student behavior) in order to speciﬁcally match
instruction with students’ estimated levels of achievement, prior knowledge, and/or level of
understanding. Instruction is explicitly focused on reaching the (adjusted) lesson goal with
the students at whom the instruction is aimed. Furthermore, lesson content, instruction
material, and the applied math strategies align with previous instruction and/or school
policy. Although the teacher deliberately planned instruction, (s)he stimulates students’ selfregulation towards meeting the goals and provides them with options and opportunities to
choose from, but redirects when necessary. For measuring this performance indicator, it is
suggested to let the teacher explain what (s)he was doing and why, and to check school
policy documents or consult the math coordinator to check whether instructional
content, material, and strategies align with school policy. Furthermore, students’
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Figure 1. Diﬀerentiation skill hierarchy.

perceptions about the match between the instruction activity and their learning can
provide information about the quality of the match, and students can be asked about
their perceived self-regulation. A subject-matter expert can indicate whether the
selected instruction, content, materials, and strategies are accurate given the teacher’s
goal in light of the identiﬁed student’s achievement, progress, and needs.
From the performance objectives, it is clear that there is not one “successful strategy”
that can be applied to diﬀerentiate properly. The core of diﬀerentiation is in teachers’
deliberate and adequate choices concerning instructional approaches and materials,
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based on well-considered goals and thorough analyses of students’ achievement, progress, and instructional needs, combined with continuous monitoring during the lesson.

Knowledge
Aside from diﬀerentiation skills, two types of knowledge are essential for being able to
diﬀerentiate: knowledge about the students and subject-matter knowledge. Such knowledge supports the teacher in the performance of all diﬀerentiation constituent skills.

Knowledge about students
All experts (both teachers and subject-matter experts) stressed the importance of “knowing your students”. On the one hand, this is about knowing their levels of achievement: the
level at which they are and the problems they encounter when learning math. On the
other hand, such knowledge is about knowing the pedagogical needs of the students,
their interests, peer relations, how to motivate each of them, and the kind of problemsolving strategies they will understand. Next to analyzing student work, a teacher gains
insight into these kinds of instructional needs by observing students during class and by
asking them questions. Basic information about students is often represented in an
overview that teachers compose at the start of a lesson period.
Subject-matter knowledge
Knowledge about the subject (mathematics, in our study) was regarded as important
during all phases of diﬀerentiation: for setting proper goals, for connecting to students’
prior knowledge, and for identifying students’ zones of proximal development (ZPD) and
adjusting instruction to ﬁt this ZPD. Subject-matter knowledge is also essential for
making decisions with regard to the use of curriculum materials and additional materials. The subject-matter knowledge base is developed ﬁrst during formal teacher training
and is later developed on the basis of in-service experience.

Complexity factors
As mentioned previously, diﬀerentiating is a complex skill. However, the level of complexity diﬀers across situations. To obtain more insight into the factors contributing to
this complexity, we asked expert teachers and subject-matter experts to rank situations
requiring some form of diﬀerentiation ranging from relatively easy to relatively complex.
On the basis of this ranking, we identiﬁed the following complexity factors: the content
of the lesson (goal and topic), group composition (diversity, number of grades, and
students with special education needs), school support (collaboration and facilities),
curriculum material (suggestions for remediation and materials), and data regarding
student achievement and progress (information richness, availability, and usefulness). In
practice, numerous combinations of complexity factors are present. Furthermore, several
complexity factors are strongly interrelated. This list of complexity factors provides a
basis for developing a professionalization trajectory (which will be done at a later stage
in our project).
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Discussion and conclusion
The aim of this study was to gain further insight into how primary school teachers adapt
their math instruction to student diﬀerences. The cognitive task analysis we performed
resulted in a unique overview of constituent skills required for providing diﬀerentiated
instruction. Furthermore, the essential knowledge and the factors inﬂuencing the complexity of diﬀerentiation were identiﬁed. In the following sections, we discuss the value
of these outcomes for both practice and research.

Value for practice
Diﬀerentiation is regarded as a complex teaching task mastered by few teachers
(Inspectie van het Onderwijs, 2014, 2015a, 2015b) and which beginning teachers feel
unprepared for (Inspectie van het Onderwijs, 2015a). Professional development and the
redesign of teacher training curricula therefore seems desirable. The outcomes of the
CTA can be used to design such a training or inform curriculum adjustments.
We now know the combination of constituent skills that facilitate diﬀerentiation as a
teaching task and which knowledge is essential for making instructional decisions
related to diﬀerentiation. The key to successful diﬀerentiation is not the application of
strategies, but the actual adaptation of teaching to the thoroughly identiﬁed needs of all
students. “Meeting the needs of all learners” assumes that teachers “have an accurate
view of students’ levels of understanding, and that they know which instruction and
learning activity is appropriate for children at diﬀerent levels, given the goal they strive
for” (Deunk et al., 2015, p. 52). This relationship between the goals, students’ needs, and
the provided instruction is reﬂected in the skill hierarchy. In this hierarchy, the relationship between the preparation of a lesson period, a lesson, the enactment of a lesson,
and the lesson evaluation is essential for diﬀerentiating instruction during a lesson. This
is in line with the work of Parsons et al. (2018), who found adaptive teaching in all
phases of instruction, during planning, in the midst of teaching, and when reﬂecting on
their instruction. Furthermore, the performance indicators showed that eﬀective diﬀerentiation is not only complex due to the interrelatedness of these chronological phases,
but also because the core of diﬀerentiation is in deliberate and accurate choices. These
choices must be based on a variety of well-considered goals and the analysis of
students’ instructional needs, in combination with continuous monitoring of student
progress and adapting on the ﬂy.
In order to make these deliberate and accurate choices, two types of knowledge are
considered essential: knowledge about the students and subject-matter knowledge. This
subject-matter knowledge, as brieﬂy described in the Results section, might be the key
to success. After all, teachers need this knowledge across all stages and teachers can
probably not make the right decisions when they lack proper knowledge and deep
insights on the subject they teach. A more thorough follow-up study into the range,
depth, and types of knowledge would be worthwhile. For example, it could be argued
that knowledge about eﬀective interventions is important as well.
Furthermore, ensuring a safe learning climate or being able to create an orderly
classroom atmosphere can be regarded as prerequisites for providing diﬀerentiated
instruction (e.g., Van de Grift et al., 2011). However, these types of knowledge and skills
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were not mentioned by either expert teachers or subject-matter experts and were
therefore not included in our skill hierarchy and description of the required knowledge.
The skill hierarchy and required knowledge can be used in the development of a
professional development trajectory or the redesign of teacher training curricula. We
plan to design such a trajectory based on the 4C/ID model by Van Merriënboer and
Kirschner (2018), in which the complexity factors can be used to sequence learning tasks.
Basic pedagogical skills such as classroom management skills and ensuring a safe
climate can be regarded as prerequisites for diﬀerentiation. These elements should
therefore be included when designing training opportunities, especially for beginning
teachers. Furthermore, the relationship between those skills and diﬀerentiation could be
investigated in more detail.

Value for research
Our analysis of various instruments identiﬁed six overarching categories of skills.
Three of these play a role prior to instruction: mastering the curriculum, identifying
instructional needs, and setting challenging goals. Two play a role during instruction: monitoring and diagnosing student progress, and adapting instruction and
activities accordingly. The sixth category consists mainly of general teaching
dimensions. The reviewed instruments focus on “adapting instruction and activities”, and within this category we distinguished the adaptation of the following
speciﬁc aspects: grouping, materials, assignments and tasks, pace and provided
learning time, questions, classroom activities, and instruction. These overarching
factors and speciﬁc aspects can be recognized in the results of our CTA, both in the
skill hierarchy and the description of required knowledge. For example, the constituent skill “determine student needs” is closely related to “identify instructional
needs”, and “monitor and diagnose student progress” is related to “monitor progress and achievement”. The items we reviewed regarding the “curriculum” aspect
are related to the constituent skills “critically study curriculum material” and “select
material” and to required subject-matter knowledge.
Parsons et al. (2018) stated that “researchers need to work on creating measures
and presenting evidence that are valid and reliable” (p. 232) to measure adaptive
instruction or diﬀerentiation. We can conclude that this is not an easy task. We know
that the assessment of professional competencies is very complex as a competency
comprises the complex integration of knowledge, skills, and attitudes (Baartman,
Bastiaens, Kirschner, & Van der Vleuten, 2006). The indicators in the reviewed instruments for measuring DI mainly consist of descriptions of diﬀerentiation strategies that
may be applied, such as grouping, adapting the pace of instruction, or varying assignments. These instruments cannot be used to assess the actual quality of the applied
diﬀerentiation strategies. Given the complexity of diﬀerentiating in itself and the
interrelatedness of a variety of aspects involved in quality diﬀerentiation, the question
remains whether and, if so, how we can assess this complexity in an eﬃcient manner
within the reality of the school context.
Baartman et al. (2006) stated that “it seems to be impossible to assess a competency
using only one assessment method” (p. 154). Since diﬀerentiated instruction requires the
adaptation to student diﬀerences, the assessor ideally should be able to evaluate whether
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observed adaptations meet the needs of diﬀerent learners. The evaluation of the relationship
between the instruction provided and student characteristics (what they need) is lacking in
existing instruments. It is therefore uncertain whether existing instruments fully capture the
complexity of diﬀerentiated instruction and whether these instruments are suitable for
determining a teacher’s quality in terms of providing DI. The assessment of diﬀerentiation
quality seems to require a combination of insights into students’ needs as well as a valid
picture of the appropriateness of teachers’ actions to meet these needs. Furthermore, since
teachers’ actions should be based on their teaching goals, which may diﬀer across students,
these goals should ideally also be taken into account. Finally, the quality of diﬀerentiation is
highly dependent on the degree to which teachers make deliberate and adequate decisions
when attempting to adapt to student needs. Assessing diﬀerentiation adequately will
therefore require information from multiple sources, as well as much time and eﬀort from
skillful assessor(s). For example, document analysis of teachers’ lesson period plans and
lesson preparations could be used in combination with classroom observations and student
perceptions in order to gain insight into the relation between the chronological phases of
lessons (from lesson period preparation to lesson preparation and enacting the lesson-tolesson evaluation) and the match between the teachers’ choices and their students’ needs.
Furthermore, in order to determine the deliberateness of the choices, teachers could be
interviewed and a subject-matter expert could judge whether these choices are accurate
given the achievement, progress, and instructional needs of the students. Depending on the
goal of the assessment, feedback based on the insights from these diﬀerent sources and
assessors can be shared with the teacher.
Van der Vleuten (2016) states: “any single assessment method can never be perfect
on all criteria and in reality assessment always involves a compromise” (p. 885). This
compromise is needed since an assessment such as the one described here would be
unfeasible in terms of the required eﬀort and costs. We therefore suggest the programmatic assessment approach (Van der Vleuten et al., 2012), which implies that expert
judgement plays an important role and that multiple (low-stake) assessments can be
aggregated to come to an overall decision.
By means of the CTA we performed, we gained valuable insights into the complexity
of diﬀerentiation, and the diﬀerentiation performance objectives now provide a basis for
a framework for developing assessment instruments to capture this complexity. For
assessing the quality of diﬀerentiation, a comprehensive set of assessment instruments
can be developed that account for the complexity factors based on the skill hierarchy
and the performance objectives. With this set of instruments, the various constituent
skills of diﬀerentiation may be assessed in diﬀerent ways, and when a teacher appears to
master a speciﬁc skill at a speciﬁc complexity level, this aspect might not need to be
assessed again.
Finally, to our knowledge, this is the ﬁrst cognitive task analysis conducted in
the context of teacher skills for diﬀerentiation. This thorough analysis of the
cognition and behavior of expert teachers in practice provides rich insights into
the knowledge and constituent skills needed to be able to adapt instruction to
student diﬀerences. By analyzing expert performance, we were able to capture the
complexity of this task in practice, enabling us to design curricula and develop
assessment instruments that truly relate to this practice. This study shows how a
CTA can be conducted with respect to teacher skills, and how this can provide
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valuable information and insights for teacher professional development. We encourage educational researchers to conduct similar CTAs for other complex skills such
as “ensuring a safe pedagogical climate” or “classroom management”. The procedure illustrated in this study can serve as an example for other studies on various
complex teacher skills and in various contexts.

Note
1. Teachers generally prepare a lesson period of 6 to 12 weeks. In this preparation, overarching
goals are identiﬁed and students’ achievements and instructional needs are analyzed.
Teachers describe their overall instructional approach in an instructional plan for this lesson
period.
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