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ABSTRACT

The current study explored how a professional development program for differentiated instruction in science education supported
change in preservice teachers, following the Interconnected Model of Professional Growth by Clarke and Hollingsworth. Among
eight preservice teachers, a self-report questionnaire (pre and post) and reflective logbooks were used to identify changes in the
four domains of the Interconnected Model of Professional Growth. Three out of the eight preservice teachers were addition-
ally analyzed as embedded units using semi-structured interviews and classroom observations. The professional development
program consisted of seven 2-h meetings, which included theory about differentiated instruction and science education, rele-
vant pedagogical content knowledge, and both individual and group reflection. Two science lessons, with a focus on supporting
high-achieving students and students with reading difficulties, were implemented by the preservice teachers in their internship
schools and evaluated during the professional development program. For the embedded units of analysis, the preservice teachers
implemented an additional follow-up lesson after completion of the professional development program. Overall, results showed
that preservice teachers reported increased practice of differentiated instruction in science education, higher self-efficacy, and
positive experiences with the professional development program. The use of the Interconnected Model of Professional Growth
helped to illustrate aspects of the professional development program that may have contributed to change, while also nuancing
the self-reported progress. The domain of consequence—specifically the ability of noticing—seems to be an important catalyst
for teacher change. Taken together, these findings provide detailed insights into how teachers can be better prepared in meeting
the needs of all students in science education.

1 | Introduction learners’ readiness, interest, or preferred modes of learning

through proactive modification of curricula, teaching, and
There is a need for teaching differentiated primary science edu- learning activities (Tomlinson et al. 2003). Research on differ-
cation, given the great variation in students' science achievement entiated instruction or other adaptive forms of teaching in sci-
and development (Lazonder et al. 2021). Differentiated instruc- ence education is limited yet can offer important insights that

tion is a teaching approach that accommodates differences in help teachers in supporting their students more effectively than
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ad-hoc support (Schlatter et al. 2022; Tobin and Tippett 2014).
In general, differentiated instruction is a complex teaching skill
that only a few teachers master; professional development and
improvement of teacher education curricula is thus desirable
(Van Geel et al. 2019). Understanding how preservice teachers
can be better prepared for this complex task might ultimately re-
sult in a more tailored learning environment for all students and
could reduce the currently large variation in students’ achieve-
ment. Employing an embedded case study design, the current
study therefore focuses on preservice teachers' professional
development regarding differentiated instruction in science ed-
ucation. Through in-depth qualitative research, this study con-
tributes to the understanding of how differentiated instruction
can be best implemented in science education and what the pos-
sible barriers or opportunities are for preservice teachers' profes-
sional development in this matter.

2 | Literature Review
2.1 | Differentiated Instruction

Rather than implementing a one-size-fits-all teaching approach,
teachers should accommodate individual differences in the
classroom (Parsons et al. 2018; Tomlinson et al. 2003). Various
terminologies exist for this instructional approach, such as dif-
ferentiated instruction, instructional adaptations, or adaptive
teaching (Bosker 2005; Bowers et al. 2020; Parsons et al. 2018;
Roy et al. 2013). The terms are often lumped together, yet consen-
sus is lacking about precise conceptualizations (Lazonder 2018).
In this study, we adhere to the approach and term ‘differenti-
ated instruction’ (DI). We follow Bosker's (2005) distinction of
DI in relation to other adaptive teaching practices, in that it is
essential that DI is planned and embedded within a cycle of
monitoring, execution, and evaluation. We thereby build on
previous research that has shown the positive effects of DI (see
e.g., the meta-analysis by Deunk et al. 2018). Furthermore, DI
is a common practice in mathematics and language education,
both internationally (De Jesus 2012; Smit and Humpert 2012;
Watts-Taffe et al. 2012; Whitley et al. 2019) and in the Dutch
educational context (Prast et al. 2018; Van Geel et al. 2019), the
setting of the current study. As DI is less common in elementary
science education (Kahmann et al. 2022), the conceptualization
of DI mentioned below is based on the context of mathematics
and reading education.

The approach of DI can include practices such as providing addi-
tional instruction, using (flexible) heterogenous or homogenous
ability grouping, or offering acceleration opportunities (Deunk
et al. 2018). These practices are tailored to students' needs by
making modifications in the content (i.e., the knowledge and
skills that a student needs to learn), process (i.e., how students
learn the content), or product (i.e., how students demonstrate
what they learned) (Tomlinson and Imbeau 2010). Furthermore,
the implementation of DI practices can be influenced by specific
characteristics of different subject areas. For instance, additional
instruction might be easier to provide in mathematics lessons,
while whole-class instruction may be more suited for reading
lessons (Pozas et al. 2020; Ritzema et al. 2016). Importantly,
DI is more than a collection of practices that follow a certain
fixed formula; it is a complex skill that warrants professional

development (Frerejean et al. 2021; Van Geel et al. 2019).
Teachers are not only required to have knowledge about indi-
vidual students (e.g., their level of achievement, interests, or peer
relations), but advanced subject-matter knowledge as well (Van
Geel et al. 2019).

In addition to the knowledge and skills needed to successfully
implement DI, beliefs that teachers hold about their students,
themselves, or education in general, are also important to con-
sider (De Vries et al. 2013). Teacher beliefs can be defined as “the
concept that grasps the conceptions or claims teachers hold”
(Roose et al. 2019, 141). Beliefs can contribute to the shaping of
expectations teachers have for their students and may help ex-
plain why teachers do not always provide optimal support for
each student (Hornstra et al. 2023). Previous studies have shown
that the implementation of DI practices is related to teachers' be-
liefs, such as their views on student growth mindset (Gheyssens
et al. 2020) and their own sense of self-efficacy (Whitley
et al. 2019). Self-efficacy, according to the social learning theory
by Bandura (1977), entails the judgment about one's capability
to perform a task and strongly influences teachers’ professional
behavior (Herrington et al. 2016). Self-efficacy is expected to
develop through mastery experience, vicarious experience (i.e.,
observing someone else), verbal persuasion, and physiological
and affective experiences (Scarparolo and Subban 2021). In the
context of DI (DI in general, not specific for science education),
self-efficacy has been found to play a key role in teachers’ pro-
fessional development (De Neve et al. 2015). The literature con-
cerning preservice teachers' self-efficacy for implementing DI,
however, is limited (Scarparolo and Subban 2021). As teachers'
self-efficacy is difficult to change once it is formed, it is funda-
mental that preservice teachers are supported in developing a
high sense of self-efficacy during teacher education (Scarparolo
and Subban 2021).

2.2 | The Context of Science Education
and the Need for DI

The research on DI described so far has been mainly conducted
in the context of mathematics or language education. A science
lesson, however, can be quite different from a typical mathemat-
ics or language lesson. In the Netherlands, where the present
study is situated, science education is known as “science and
technology education”, as curriculum guidelines emphasize
the implementation of both inquiry and design-based learning
(Van Graft and Klein Tank 2018). Nevertheless, we adhere to
the term “science education” in this paper, as our focus is more
specifically on the teaching of science, where students are en-
gaged in scientific practices such as asking questions, planning
and carrying out investigations, and evaluating evidence across
various science domains (National Research Council 2012; Teig
et al. 2022).

These numerous facets associated with inquiry-based education
make science teaching a demanding task for teachers (Dobber
et al. 2017), and at the same time, a crucial one. Research
consistently points to the essential role of the teacher and the
guidance they provide during science education (Aditomo and
Klieme 2020; Dobber et al. 2017; Furtak et al. 2012; Lazonder
and Harmsen 2016; Minner et al. 2010). In addition, more recent
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research highlights the necessity of matching teacher guidance
to fit individual students' needs (i.e., DI), as many students
follow different learning pathways (Schlatter et al. 2021; Slim
et al. 2022).

Students’ different learning pathways in science education have
often been linked to individual differences in reading compre-
hension or mathematical achievement. In the longitudinal study
by Lazonder et al. (2021), 43% of students only slowly progressed
in scientific reasoning over the course of 3years and did not op-
timally benefit from the instruction they received. This study
investigated whether students' developmental pattern in scien-
tific reasoning would match patterns of development in reading
comprehension and mathematical achievement. This was only
the case for reading comprehension, with higher levels of read-
ing comprehension being related to higher levels of scientific
reasoning. This led the authors to suggest that reading compre-
hension scores might be used to predict development in scien-
tific reasoning. In other studies, science learning has been found
to correlate to both reading comprehension and mathematical
achievement (Slim et al. 2022; Schlatter et al. 2020). In the study
by Van Dijk et al. (2016, p/152), prompts in an online inquiry
task were (against authors' expectations) used by the “higher
ability students” as opposed to the “lower ability students”. It
remained speculative as to why the “lower ability students” did
not use the prompts.

Thus, although scores on academic measures such as read-
ing comprehension and mathematics seem to be indicative of
students’ science learning, the appropriate way to accommo-
date these differences between students is not self-evident.
Furthermore, in our previous work, although we found a rela-
tion between the academic scores and our assessment of science
learning, we also found that students with lower academic scores
were successfully engaged in the science learning environment
in a variety of ways (Slim et al. 2022). Some students did indicate
that the written language impeded their understanding of the
content. Our proposed possibilities for differentiated instruc-
tion, therefore, included varying in product (i.e., letting students
decide if they want to present their results orally or in writing)
and offering more language support. Although not easy to im-
plement, DI in science education might eventually offer a better
experience for both teachers and students (Slim et al. 2022).

However, research on DI in science education is limited and
presents mixed results as of yet. Schlatter et al. (2022) found no
effect of pre-planned adaptive science instruction (which in-
cluded prompts of varying levels), but the authors pointed out
that the limited learning gains in their sample stress the need
for support. As specific teacher support was not included in their
study, a more comprehensive view of the possibilities of teacher
adaptive instruction is needed. Positive learning outcomes of DI
were found in the studies by Simpkins et al. (2009) and Tobin
and Tippett (2014). Simpkins et al. (2009) examined effects of
peer tutoring support, while Tobin and Tippett (2014) examined
tools such as choice boards or graphic organizers. Although
these studies provided valuable insights into various ways of
DI in the context of science education, more understanding is
needed regarding what makes teachers change their teaching
and truly adopt DI in science education. For example, Eysink
etal. (2017) investigated the effects of an intervention focused on

supporting teachers with differentiated instruction. They found
that there was considerable variation among teachers in their
implementation of the intervention. This intervention included
a jigsaw procedure: in a first lesson, students were grouped ac-
cording to their performance (“general” and science), and each
group worked on assignments and experiments specific to
their topic. In a next lesson, students were regrouped heteroge-
neously, such that topics were mixed, and each student shared
what they had learned in the first lesson. The findings of this
study are complex, but key insights include that student learn-
ing outcomes were affected by the way teachers implemented
DI, and that teachers did not transfer the DI practices into their
regular science lessons. Since the teachers did not receive formal
training in DI, an important remaining question is how teacher
education can support the process of implementing DI in science
education.

As discussed above, one facet known to affect teachers' ac-
tual implementation of DI is self-efficacy, but this has yet to
be studied in the context of science education. Although liter-
ature on preservice teachers' self-efficacy beliefs regarding DI
(in general) is limited (Scarparolo and Subban 2021), it is often
established that preservice teachers experience low self-efficacy
beliefs for science teaching (Gunning and Mensah 2011; Knaggs
and Sondergeld 2015; Menon and Sadler 2016; Seung et al. 2019).
As DI is a complex skill even for experienced teachers (Van Geel
et al. 2019) and Dutch teachers' self-efficacy in science education
is low (Velthuis et al. 2014), a logical conjecture would be that
preservice teachers also experience low self-efficacy regarding
DI in science education. To improve teacher education, more
empirical insights are needed to understand preservice teachers'
self-efficacy regarding DI in science education.

3 | The Present Study and Theoretical Framework

Following the conclusions of research thus far, it is important
to understand how teachers can best be supported when imple-
menting DI in science education. In the present study, we focus
specifically on preservice teachers and their professional de-
velopment in DI. Although Frerejean et al. (2021) believe that
novice teachers might be too inexperienced for the task of DI,
other studies have pointed out that teacher education should lay
the foundation of professional development regarding DI. For
example, Tomlinson et al. (1994) stress the importance of setting
a precedent for teachers in making DI a priority and prevent-
ing a status quo of a one-size-fits-all approach. Furthermore,
teacher beliefs, which influence the implementation of DI, de-
velop during teacher education and are difficult to change once
they are formed (Griful-Freixenet et al. 2021; Scarparolo and
Subban 2021). De Neve and Devos (2016) showed that the more
novice teachers indicated that their beliefs regarding DI had
positively changed due to their teacher education, the more their
practice in DI had changed.

The goal of the current study was to develop and examine a pro-
fessional development program (PDP) for preservice teachers re-
garding DI in science education. We sought to explore preservice
teachers' experiences with a PDP and provide a detailed descrip-
tion of their professional development to help inform teacher ed-
ucation on how to prepare teachers for DI in science education.
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We constructed our study within the theoretical framework of
social constructivism and the model of teacher professional de-
velopment by Clarke and Hollingsworth (2002).

First, both science education as well as the teaching approach
of DI are often linked to Vygotsky's theory of social construc-
tivism, in which learners are thought to actively and socially
construct knowledge in interaction with others, including the
teacher (Parsons et al. 2018). A central notion of this theory is
that a teacher should ideally offer support attuned to a student’s
current level of understanding (Subban 2006). As levels of un-
derstanding are expected to differ between students, teachers
should thus offer differentiated support. In science education,
attuning to students’ understanding often involves respond-
ing to students' initial conceptions of the subject and support-
ing them in building coherent scientific models or theories
(Bichtold 2013). This requires the noticing of meaningful learn-
ing opportunities (Chan et al. 2021).

Second, for teachers’ professional development, we first con-
sulted Boylan et al. (2018) analytical framework of five sig-
nificant contemporary models regarding teacher professional
learning in order to support an informed selection of models.
Using this analytical framework and corresponding key ques-
tions, we selected the theory of teacher professional growth by
Clarke and Hollingsworth (2002) to guide our development and
analysis of a PDP for preservice teachers. The main reason for
selection was the detailed perspective on teachers’ professional
learning and the change processes within this theory. We were
interested in these processes, since a better accommodation of
students’ needs in science education requires a change in teacher
behavior. Changing teacher behavior is a complex process that
involves teacher learning (Clarke and Hollingsworth 2002),
and previous research shows that teachers have difficulty with
implementing DI (Van Geel et al. 2019), specifically in science
education (Eysink et al. 2017). A deeper understanding of how
preservice teachers learn to implement DI in science education
thus helps to understand when and how their instructional
behavior might change. In Clarke and Hollingsworth's (2002)
interconnected model on teacher professional growth (IMPG),
depicted in Figure 1, change is suggested to occur through reflec-
tion and enactment in four distinct domains: external (sources
of information, stimulus or support), practice (professional ex-
perimentation), consequence (salient outcomes), and personal
(knowledge, beliefs, and attitude). The external domain is a dif-
ferent type of domain than the others, as it is located outside of
the teacher's personal world. The other three domains, in com-
bination, “constitute the individual teacher's professional world
of practice, encompassing the teacher's professional actions, the
inferred consequences of those actions, and the knowledge and
beliefs that prompted and responded to those actions” (Clarke
and Hollingsworth 2002, 951). When change in one domain
leads to change in another domain, supported by empirical data,
Clarke and Hollingsworth refer to this as a ‘change sequence’.
Change sequences can entail momentary or fleeting instances
of change; if the change is more lasting, the term professional
growth can be used.

In alignment with this theoretical framework, our main re-
search question is: How does a professional development pro-
gram for differentiated instruction in science education support

External
Domain

The Change
Environment

External Source
of Information
or Stimulus

Domain of
Practice

Personal Domain .
'
" /V

4-----=-—=-=-====

Knowledge Professional
Beliefs Experimentation
And

Attitude

Salient

Outcomes

— Enactment
— =P Reflection

Domain of
Consequence

FIGURE 1 | The interconnected model of professional growth
(Clarke and Hollingsworth 2002, 951).

change among preservice teachers in the four domains of the
Interconnected Model of Professional Growth?

4 | Methods
4.1 | Design and Sample

An embedded single-case study design, using mixed-methods
analyses, was employed (Yin 2018). The single case in this study
involves the professional development of preservice teachers
who follow a PDP that is aimed at implementing DI in science
education. We studied the phenomenon of professional develop-
ment as a single case, rather than multiple cases of preservice
teachers, as the professional development is bound within the
specific context of our PDP. Including a subset of the preservice
teachers as embedded units of analysis provided more in-depth
sources of evidence, allowing for a more detailed exploration of
our case.

To further bound our case (Cleland et al. 2021), we located our
study in a class of fourth-year preservice teachers of a teacher
education college in the Netherlands. This teacher education
college is located in the capital city of the Netherlands and is at-
tended by ~1200 students every year (Hogeschool IPABO 2021).
In the Netherlands, teacher education colleges prepare preser-
vice teachers to teach 4-12-year-olds in all subjects, including
science. In this specific teacher education college, fourth-year
students follow one of three specialized tracks. They are re-
quired to spend 80h on professional development within their
specialization. We offered the PDP as a means to fulfill this re-
quirement. A class of 25 preservice teachers who followed the
specialization of inquiry-based learning was asked whether they
would like to participate in the PDP and corresponding case
study, of which nine chose to do so. Participation was entirely
voluntary and based on preservice teachers' interests and avail-
ability (there were specific date and time requirements). The
remaining preservice teachers opted to fulfill their professional
development requirement through one of the other available op-
tions. Recruitment was non-directive, with no targeted outreach

4
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to specific individuals, and there was no selection process. All
preservice teachers provided informed consent before partici-
pating in the study.

In sum, nine female preservice teachers participated in this
study? (Mage=21.88years). One preservice teacher did not
complete the post-test measures for personal reasons and
has therefore been excluded from analysis. Out of the eight
remaining preservice teachers, three teachers were analyzed
as embedded units of analysis (pseudonymized names: “Lisa”,
“Anne”, and “Iris”). These teachers were purposefully selected
based on their pre-test questionnaire scores. Specifically, we
included teachers that maximally differed from one another
in their self-efficacy, use of DI practice, and prior experience
with science education. Their individual scores are presented
in Table 1.

4.2 | The Professional Development Program

A timeline of the PDP and research design is depicted in Figure 2.
The PDP ran from October 2022 through January 2023, and
consisted of seven 2-h group meetings. The first author of this
study taught the PDP. Consistent with the theory of Clarke and
Hollingsworth (2002), the program was designed to provide

input on all four domains of the IMPG. In Table 2, an overview
is provided of the PDP’'s components, learning objectives, and
relation to the four IMPG-domains. With respect to taught con-
tent, we presented the theories and findings regarding DI in gen-
eral and DI in science education presented in the introduction
of the present paper. As research on DI in science education is
limited, we discussed the possibilities and difficulties of imple-
menting DI in science education based on research on individual
differences in science education. After discussing the theory, the
preservice teachers prepared two differentiated science lessons
in the group meetings, enacted them in their internship schools,
and evaluated them together in a group meeting.

The two science lessons were based on existing lesson plans
that were developed within the ENGINEER project in collab-
oration with a Dutch science museum (Anyfandi et al. 2016;
Nemo Science Museum n.d.), and focused on the concepts
of sound and balance. In the preparation of the science les-
sons during the PDP, attention was devoted to the pedagog-
ical content knowledge of the preservice teachers regarding
these concepts and students’ initial concepts and conceptual
change. The specific DI practices that preservice teachers
were instructed to implement were targeted at supporting stu-
dents with reading difficulties, that is, “reading support”, and
at challenging students who are high-achievers in math, that

TABLE1 | Questionnaire results for embedded units of analysis.
Lisa Anne Iris

Age 20 22

Number of science lessons taught before PDP >10x 1-3x 3-10%

Science curriculum Project-based “Blink” “Blink”

DSAQ scales (range 1-5) Pre Post Pre Post Pre Post
Identifying educational needs 1.40 1.60 1.80 2.60 2.40 3.20
Differentiated goals 1.17 3.00 2.83 3.50 2.00 2.50
Differentiated instruction 2.00 4.00 3.00 3.00 3.43 3.71
Differentiated practice 1.25 2.13 2.63 2.88 2.50 3.38
Evaluation of progress and process 1.57 2.43 2.29 2.86 2.29 3.86

Self-efficacy 2.25 4.00 3.00 4.25 3.00 4.75

Attitude 3.25 4.50 3.25 3.75 4.50 3.75

Note: Names are pseudonyms. “Blink” is the name of a curriculum used in the Netherlands for science education.
September 22 January 23 May 23
Pre-test : Pre-test . MPDP feeson o Reson PDP Post-test : Post-test : : seence fesson §
Questionnaire| £ Interview : e:z'tzngs grerereneneny Me;t:sngs seeesssssssssssy [Meeting 7| |Questionnaire { Interview : .."...:
Sessevensisd : Observation + : . Observation + : e _ Observation + §
5 interview E § interview g § interview §

FIGURE2 | Research design.

N=g| IN=3}
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TABLE 2 | Overview of PDP components and learning objectives.

Meeting Main components

Learning objectives

1 Theory on DI in general (external domain)

2 Theory on DI in science education (external domain)

« Know what DI entails, which phases can be
distinguished, and which teacher skills are
important

« Know several factors that determine the
complexity of DI

« Know what the ethical dilemma regarding DI
entails and reflect on their own vision about it

« Know individual differences that are important
to consider in science education

« Know several applications of DI and teacher
guidance that can be implemented in science
education

« Know what the difficulties and possibilities
regarding DI in science education are

3 Preparation for first science lesson regarding the concept of « Being able to formulate (inquiry-based)

sound, including pedagogical content-knowledge regarding the

learning goals regarding the concept of sound

concept of sound (external domain and personal domain) « Know what fair experimenting entails

4 Continued preparation for first science lesson regarding the
concept of sound (external domain and personal domain)

Between
4and 5

Enactment of first science lesson (domain of practice)

o Made a draft outline for the first science lesson

Prepared for supporting students with reading
difficulties when they are experimenting with
sound

Prepared for asking enrichment questions to
students who are experimenting with sound

5 Evaluation of first science lesson (external domain, personal + Reflect on own DI skills

domain, domain of consequence)

Evaluate whether students have met learning
goals
Formulate learning goals regarding DI skills

6 Preparation for second science lesson, including pedagogical + Being able to formulate (inquiry-based)

content-knowledge regarding the concept of balance (external

domain and personal domain)

Between
6 and 7

learning goals regarding the concept of balance
« Know what different strategies (rules) students
apply when reasoning about balance
Prepared for supporting students with reading
difficulties when they are experimenting with
balance
Prepared for asking enrichment questions to
students who are experimenting with balance

Enactment of second science lesson (domain of practice)

7 Evaluation of second science lesson and PDP in total (external » Reflect on own DI skills

domain, personal domain, domain of consequence)

Evaluate whether students have met learning
goals

is, “asking enrichment questions”, based on previous research
on individual differences in science education (Lazonder
et al. 2021; Schlatter et al. 2020; Slim et al. 2022). Reading sup-
port consisted of explanations of the difficult vocabulary used
in the worksheet. The enrichment questions were designed to
deepen conceptual understanding and to stimulate reasoning
about the experiments presented in the lesson. To allow for
meaningful comparison, the implementation of DI was held
consistent for all preservice teachers. In line with the principle

of ‘practice what you preach’, the course content and materials
of the PDP were continuously adapted to meet the needs of the
preservice teachers.

4.3 | Data Collection and Instruments

Within the main sample of eight preservice teachers, a pre- and
post-test questionnaire and reflective journals were used as
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measurement instruments. For the three preservice teachers in-
cluded as embedded units of analysis, additional interviews and
observations were included. They were interviewed before and
after the PDP and observed during the two science lessons they
had to teach, with interviews conducted immediately after these
lessons as well. Around 4 months after completing the PDP, they
taught a self-prepared science lesson, where they were free to
choose how to implement DI. This lesson was also observed
and followed by an interview. The first author distributed the
questionnaire and conducted all interviews and lesson obser-
vations. Duration of interviews was around 20-30min and was
audio-recorded.

4.3.1 | Instruments

4.3.1.1 | Questionnaire. The questionnaire consisted
of two parts, providing input for different domains of the IMPG:
the first part focused on the domain of practice and the sec-
ond part on the personal domain. Only these domains were
included in the questionnaire because (1) the domain of con-
sequence was measured through reflective journals, observa-
tions, and interviews and (2) the external domain consisted
of input provided throughout the PDP, as described in Table 2.
No other sources of external input were questioned, as data
collection was already extensive. The reflective journals,
observations, and interviews did not provide any indication
that preservice teachers sought other external sources of infor-
mation apart from the PDP.

The first part contained the Differentiation Self-Assessment
Questionnaire (DSAQ; developed for DI in math, Prast
et al. 2015), which we used to measure preservice teachers’
self-reported practice regarding differentiated instruction in
science education, before and after the PDP, replacing the
word ‘math’ with ‘science’ where needed. The DSAQ consists
of 33 items across five subscales: identification of educational
needs, differentiated goals, differentiated instruction, differ-
entiated practice, and evaluation of progress and process. All
items are included as Supporting Information (Table S1). Each
subscale contains 5-8 items, for which preservice teachers
could rate their agreement on a Likert scale ranging from 1
(does not apply to me at all) to 5 (fully applies to me). The
subscale ‘differentiated goals’ consists of three items that refer
to curriculum materials, such as ‘T know the opportunities
for differentiation offered by the curriculum materials’. The
wording of these items causes some trouble for interpretation.
For example, it is unclear if a low score means that a preser-
vice teacher does not know about the opportunities provided
by the curriculum, or that the curriculum does not offer any
opportunities for differentiation. We therefore included the
option for preservice teachers to leave these three items un-
answered if they were certain the curriculum materials did
not offer any opportunities for DI and a low score would not
be fitting to the situation. Reliability statistics for the DSAQ
were excellent for the pre-test items (Cronbach's « =0.95) and
acceptable for the post-test items (Cronbach's a =0.76).

The second part of the questionnaire focused on self-efficacy
beliefs and attitude, as components of the personal domain. For
self-efficacy beliefs, 8 items derived from Tomlinson et al. (1994)

were included, with the addition of “science education” or “sci-
ence ability”, such as ‘How confident do you feel about accom-
modating varying levels of science ability in your class’. For
attitude, 5 items from the Dimensions of Attitude toward Science
(Van Aalderen-Smeets and Walma Van Der Molen 2013) were
included, such as ‘T enjoy teaching science very much’. All items
consisted of a 5-point Likert scale. Pre-test self-efficacy items
(Cronbach's a=0.78) and attitude items (Cronbach's a=0.70)
were acceptable. Post-test reliability statistics were question-
able for the self-efficacy items (Cronbach's «=0.62) and poor
for attitude items (Cronbach's «=0.59). All items are included
as Supporting Information (Table S1). While a self-report ques-
tionnaire has known limitations, such as susceptibility to bias, it
is a valuable tool to assess processes of learning (Pekrun 2020).
To strengthen the credibility of findings and minimize the lim-
itations associated with self-reported data, triangulation of data
was sought by including other (self-report) measures as well.

4.3.1.2 | Reflective Journals. To capture more detailed
changes in the four domains of the IMPG, all preservice teach-
ers filled out an online reflective journal throughout the PDP.
These journals contained questions that prompted them to
reflect on the provided theory and literature, their beliefs
about teaching and learning, their self-efficacy, expectations
of students, the learning goals of the group meetings, the two
science lessons (or three for the embedded units of analysis)
that they carried out in their classrooms, and finally, their
experience with the PDP (including evaluative questions on
a 7-point Likert scale). In addition, preservice teachers were
asked to provide their lesson plans within the online jour-
nal. Questions in the reflective journal that were not rele-
vant for our research question, for example regarding their
DI practice in mathematics education, were not included in
our analysis.

4.3.1.3 | Pre- and Post-Interviews. The three pre-
service teachers were interviewed before and after the start
of the PDP (the first and the last group meeting). These
interviews were intended to deepen and clarify the insights
derived from the questionnaire and could provide informa-
tion on possible changes for all four domains of the IMPG.
The DSAQ items and questionnaire results were used to struc-
ture the interview protocol (semi-structured). The protocols
for both the pre- and post-test are included as Supporting
Information (methods_supplement2). Interviews took place
at the college or online.

4.3.1.4 | Lesson Observations and Interview. Addi-
tionally, these three preservice teachers were observed
during the two science lessons they taught during the PDP
and the one after completion of the PDP. The observations
were subsequently followed by another interview, which also
took place in the preservice teachers' internship schools. Both
the observation and interview were guided by the ADAPT
instrument (Keuning et al. 2022). This instrument is based on
a cognitive task analysis of DI (Van Geel et al. 2019) and was
specifically developed to assess the match between teach-
ers’ practices and students’ needs. It consists of 23 indicators
that can be scored from 1 to 4, based on a lesson observation,
interview, and relevant documents such as lesson preparation.
Additional observational notes were made when necessary.
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The instrument and indicators served as a helpful frame-
work for our observations and subsequent interviews, as
they provided input to establish possible changes in the four
domains of the IMPG. The scores on the indicators, however,
were not relevant for our research question and are therefore
not included in analyses (included as Supporting Information,
Table S2).

4.4 | Analyses
4.4.1 | Quantitative Analysis

The questionnaire data will be presented in a box plot graph,
including error bars. Given the small sample size and risk of
inflation of family-wise error due to the use of repeated sta-
tistical tests, we will not examine statistical significance in
differences from pre to post. For a quantitative evaluation of
how preservice teachers felt the PDP supported them in imple-
menting DI in science education, we will describe the descrip-
tive results of seven Likert-scale questions that were asked
within the online journal. For all five DSAQ-subscales, pre-
service teachers indicated how the PDP supported them in the
implementation of DI. For the subscale ‘implementing differ-
entiated instruction’, we additionally discerned between ‘the
intensive group’ (i.e., students who have difficulty obtaining
the learning objective) and ‘the enrichment group’, resulting
in a total of seven items.

4.4.2 | Qualitative Analysis

Our qualitative analysis aimed to extract themes that focus
on preservice teachers' experiences with the PDP, “to identify
how these relate to changes in particular domains” (Wilkie
and Clarke 2015, 100). We used a reflexive thematic analysis
approach (Braun and Clarke 2019), which is inherently shaped
by our own subjectivity and theoretical assumptions. Our anal-
ysis included the journals of all eight preservice teachers, clean
verbatim interview transcripts, and observational data of the
three embedded cases. The software package Atlas.ti 23 was
used to organize the data. The first step, conducted by the first
author, involved familiarization with the journals and the inter-
views by reading them iteratively (in chronological order, per
preservice teacher, but also per question or per meeting), while
making notes and mind maps. A summary was made for each
PDP meeting, lesson evaluation, and embedded unit of analysis.
Holistic coding was applied in the next step to the journals of
all eight preservice teachers and to the interview transcripts of
the three preservice teachers as embedded cases to further orga-
nize and structure the data (Saldafia 2009). The four domains of
IMPG were applied as additional codes to the existing segments.
Themes were constructed in consultation with all authors,
while going back and forth in the data and discussing the seg-
ments within the holistic codes, the summaries of notes, mind
maps, questionnaire data, and observational notes. Comparing
the three selected preservice teachers, for which rich examples
were available, allowed us to refine the themes and discuss spe-
cific changes along the four IMPG domains. In that way, the
IMPG served as a lens in the interpretation of the data (Ketelhut

et al. 2020). We specifically looked at salient (lack of) changes
in the four domains of the IMPG in relation to each theme to
understand when and why teachers' professional development
may have occurred through these changes in the four domains.
We discussed the possible pathways of changes while review-
ing the data as a whole. Again, we went back and forth over all
eight participants to compare changes in the different domains
(personal, external, practice, or consequence). We examined the
interactions of the domains more closely by analyzing the indi-
vidual change sequences of the embedded cases.

4.5 | Reflexivity: Researcher Position in the Field

The practice of reflexivity entails a self-conscious evaluation of
how subjectivity and context influence the qualitative research
process (Olmos-Vega et al. 2023). The first author of this article
was also the instructor of the PDP. For transparency purposes,
it is important to briefly consider what this dual role embodied
and the ways in which it may have shaped the study's research
process (Nikkanen 2019).

Together with one of the co-authors of this paper, AH, the
first author was an instructor for the fourth-year preservice
teachers (the other two co-authors were not involved in any
way with the preservice teachers). Both instructors were in-
volved in grading the preservice teachers’ assignments for
their teacher education program. The PDP was part of a larger
range of activities preservice teachers could follow as their
professionalization requirement. This research study and the
corresponding PDP were explained in the same manner as the
other activities. If preservice teachers were interested, they re-
ceived an information letter about the research studies and in-
formed consent. This information letter was reviewed by the
local ethics committee. Data collection was conducted by the
first author. Before lesson observations and interviews took
place, it was emphasized that the goal of data collection was
to capture the preservice teachers’ experiences rather than
scoring or grading teacher behavior. However, power dynam-
ics inherent to the dual role of instructor and researcher may
have influenced preservice teachers’ participation. For exam-
ple, preservice teachers may have been less inclined to reflect
about their shortcomings as a teacher.

Furthermore, challenges faced by the preservice teachers, as
indicated by the preservice teachers themselves or by the first
author during classroom observations, were used to tailor the
content of the PDP and accommodate the preservice teachers’
needs. The role of the first author as instructor was thus intri-
cately related to the role as researcher. An example of how this
influenced one another was that the preservice teachers ex-
pressed their concern about lacking content knowledge, which
may have influenced the first author during subsequent obser-
vations. Another example is that the observation of both a pre-
service teacher who adequately responded to a thinking error
made by students as well as a preservice teacher who did not
respond to students’ surprise during an experiment made the
first author focus and reflect more on noticing as a means for
teachers' professional development (Preminger et al. 2024). The
first author discussed these observations with the other authors
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of this study, read more literature regarding this topic, and in-
corporated it into the PDP meetings. If the observations of the
first author would have focused on other aspects of teaching,
it is likely that a different change process would have been de-
scribed. Nevertheless, by including rich descriptions of data and
triangulation of sources (journals, questionnaires, interviews,
and observations), the authors contend to have provided a com-
prehensive and valid overview of the underlying change pro-
cesses in this study.

5 | Results
5.1 | Quantitative Results

Results for the pre-test to post-test differences on the ques-
tionnaire are depicted in Figure 3. Results for the three pre-
service teachers are shown in Table 1. The results for the
evaluative questions about how the preservice teachers believed
the PDP supported them are depicted in Table 3. Averages for

Clpre
5,00 . Post
o
4,00
o
3,00
2,00 I
b
100 J;_L S S —
DSAQ: DSAQ: Goals DSAQ: DSAQ: DSAQ: Self-efficacy Attitude
Educational Instruction Practice Evaluation
needs
Variables
FIGURE3 | Questionnaire results pre-post.
TABLE 3 | Individual results and mean scores of evaluative questions concerning the PDP.
On a scale of 1-7, how much did
the PDP support you in learning
to... 101 103 104 105(Lisa) 106 107 108 (Anne) 109 (Iris) M
Identify educational needs 5 6 5 6 5 5 6 6 5.5
Set differentiated goals 6 5 5 6 6 7 5.9
Implement differentiated instruction 5 5 6 3 6 7 7 6 5.6
... for the intensive group 6 5 4 4 7 7 6 6 5.6
... for the enrichment group 5 6 5 4 6 7 6 6 5.6
Implement differentiated practice 5 6 5 3 5 7 5 5 51
Evaluate progress and process 5 5 5 2 5 7 6 5 5.0
Mean 5.3 5.4 5.0 4.0 5.7 6.7 6.0 5.7 5.5
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the individual subscales are all 5 or above, indicating that pre-
service teachers valued the PDP and felt supported in improving
their implementation of DI practice in science education. They
felt most supported in setting differentiation goals (5.9), which
corresponds to the DSAQ scores, where this subscale showed
the most progression.

5.2 | Qualitative Results

Five main themes were derived from the thematic analysis:
(1) Lack of experience, (2) Asking enrichment questions, (3)
Identifying needs, (4) Perception of DI practices, and (5) Student
involvement. We will first discuss the themes for our overall
case and show how the PDP supported changes in domains of
the IMPG, with illustrative quotes from the total sample. Next,
we will explore this in more detail by illustrating the different
change sequences of the three selected preservice teachers. We
conclude with a summary of changes for all three preservice
teachers.

5.2.1 | Changes in the Domains of the IMPG
for the Overall Case

5.2.1.1 | Lack of Experience. A general underlying
theme is a lack of experience in teaching science and there-
fore also in implementing DI in science education. This lack
of experience is reflected in the personal domain, domain
of practice, and domain of consequence. Regarding a change
in the personal domain, preservice teachers indicated they
gained knowledge about DI in science education, which they
lacked at the start of the PDP. This theme is supported by
the quantitative self-reported score for self-efficacy beliefs
(found in Figure 3), which increased substantially: the aver-
age was below 3 (with 1 representing no confidence and 5 very
confident) at the start of the PDP, but more than 4 at the end
of the PDP.

With respect to changes in the domain of practice, many
preservice teachers, according to the questionnaire results,
had little experience with formulating (differentiated) learn-
ing goals. The PDP seemed to elicit a change in this. Anne
explained:

I've learned to always take a moment to review the
learning goal. (...). I didn't do that before. It used to be
just the task, and that was it.

When more closely examining how the preservice teachers for-
mulated learning goals throughout the PDP, there seemed to be
a shift from abstract or vague goals to more concrete goals re-
garding student learning, which also relates to the domain of
consequence (see next paragraph). For example, for the first les-
son, most preservice teachers formulated general learning goals
regarding skills, such as “The students conduct an experiment
together” (104, journal 4) or “The students investigate materi-
als and scientific phenomena” (Anne, journal 4). For the second
lesson, more concrete learning goals were formulated such as:

“Students make use of formulations such as ‘If ..., then ..’ or
‘Because ...” (108, journal 7).

A more specific focus on student learning, as a result of gaining
experience, was also related to the domain of consequence. It
seemed that some preservice teachers were not yet accustomed
to assessing what students had actually learned. For example,
after lesson 1, one preservice teacher initially reflected nega-
tively on what students had learned:

The students didn't have any prior knowledge.
() They didn't have the right inquiry attitude.
Conducting an experiment is hard enough as it is.
They're not ready for enrichment yet

(107, journal 5).

After examining the students’ worksheets, which was part of a
group meeting within the PDP, she altered her perception:

Itwasnotsobad after all. (...) Learning goals have been
met, now that I have looked at students' worksheets
(107, journal 6).

Interestingly, in the evaluation of the next lesson, this teacher's
initial reflection was more focused on her own actions rather
than the belief that students lacked prior knowledge:

The students had to dig deep for their prior knowledge.
I could have prepared better questions to follow up
with

(107, journal 8).

5.2.2 | Asking Enrichment Questions

One of the specific types of DI that preservice teachers had to
implement, as part of the PDP, was challenging high-achieving
students by asking enrichment questions. This practice was des-
ignated as a theme, as it was an important stimulus for reflection
and change. First, it was a change in practice for many preser-
vice teachers, since they had no prior experience with this. They
often struggled:

Asking challenging questions. I still find this difficult
to implement. Is this question not too hard? I only
think about the questions I want to ask the “low”
achieving students, in order for them to have an
experience of success

(104, journal 2).

Varying reasons seemed to be the cause of this struggle: lack
of content knowledge or low self-efficacy (related to personal
domain), insufficient time, too much focus on maintaining an
orderly class rather than student learning (“I didn't want to break
their concentration” (Iris, journal 6)), or not being able to recog-
nize who is ready for challenging questions, that is, identifying

10
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needs (see next theme). Several preservice teachers stated that
the PDP supported them in this practice:

We learned a lot about asking enrichment questions.
We've also practiced this further, through role-play.
This really helped me and I realise that I'm becoming
more successful at this

(106, journal 9).

I've gotten to know a lot about enrichment questions
and DI for high-achieving students. I still have plenty
of room to grow in this, but thanks to this PDP I now
know how to formulate enrichment questions for
these students

(Iris, journal 9).

For some preservice teachers, a change in the domain of con-
sequence (salient outcomes) was noticeable as a result of this
changed practice. For example, Lisa states:

During the lessons about sound and balance, I
actually noticed that there are students in my class
who are ready for enrichment questions

(journal 9).

This may have led to a (strengthened) belief that asking enrich-
ment questions is of added value, which is explained in more
detail within the embedded unit of analysis Lisa.

5.2.2.1 | Identifying Needs. A recurrent theme through-
out the PDP was identifying needs, which preservice teachers
also struggled with. This was related to the domain of practice,
as preservice teachers changed their practice in using mathe-
matics and reading achievement as indicators of who might
need additional support or challenge. Their reflection about
this practice could lead to certain beliefs about how indicative
mathematics and reading scores are for science education. The
general consensus seemed to be that these scores provide some
direction for assessing needs, but are not absolute:

Math and reading ability are definitely useful for
inquiry-based learning. But still, you'll see some
students with other strong points that emerge

(107, journal 8).

This is also reflected in the DSAQ results (as shown in Figure 3);
identifying educational needs improved but the low score still
indicated that preservice teachers do not implement this prac-
tice often.

5.2.2.2 | Perception of DI Practices. Reflection on salient
outcomes (domain of consequences), as a result of changed prac-
tice, showed how some preservice teachers perceived certain DI
practices negatively (personal domain). Preservice teachers prac-
ticed with ability grouping and providing additional instruction

to students with reading difficulties and high-achieving stu-
dents. For the students with reading difficulties, some preser-
vice teachers felt that providing additional instruction was
demotivating. In the first lesson that preservice teachers imple-
mented, they used this separate additional instruction to provide
reading support while other students already started working
on the experiments. Some preservice teachers felt uncomfort-
able with this practice, inferring that students had a negative
experience:

The students didn't enjoy having to wait before starting
with the assignment. One of the reactions was: “Why
always me?”

(106, journal 5).

After discussing this in a following PDP session, it was decided
for the second lesson that the preservice teachers would provide
the reading support separately to pairs of students during exper-
imenting or at an earlier time in the day (pre-teaching). Some
preservice teachers preferred this method, even though it cost
more time, as they inferred that students felt less “left-out”. A
preservice teacher that contrarily preferred a separate instruc-
tion group based on reading levels, did so because of time and
to be able to help students more efficiently. She also mentioned,
however, that students might prefer figuring it out for them-
selves first, before they receive support.

5.2.2.3 | Student Involvement. Changes in student
involvement were part of the consequences regularly discussed
by the preservice teachers (domain of consequence). These out-
comes were not always specifically related to new DI practices,
but more generally related to the teaching of the two science les-
sons as part of the PDP. Overall, preservice teachers mentioned
that students were actively involved and enthusiastic as a result
of the science lesson. However, preservice teachers also often
used terms as ‘chaotic’, ‘rowdy’, or ‘messy’ to describe students’
behavior. They felt science lessons were too “free” (i.e., unstruc-
tured) for some students:

He finds it difficult to participate in activities that
have a lot of freedom. He will then act disorderly or
distract other students

(101, journal 5).

These are important changes in the domain of consequence
for DI in science, as they might influence how teachers subse-
quently accommodate the perceived differences. Sometimes,
preservice teachers would expect some students to act disor-
derly, who would then surprise them:

My expectation was that he would slack off, which
was not the case. He was very curious and asked
a lot of questions. He was also motivated while
experimenting. His reasoning wasn't always correct,
but he really tried and enjoyed doing it!

(106, journal 6).
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5.2.3 | Changes in the Domains of the IMPG
of the Three Preservice Teachers

We will explore these five themes and (absence of) changes in
each of the IMPG domains, and their interaction, in more de-
tail, by describing the change sequences of the three preservice
teachers throughout the PDP. We will first report each individ-
ual trajectory during the PDP, after which we will provide an
overall summary of the follow-up lessons the preservice teach-
ers taught 3 or 4 months after the PDP. We conclude with a cross-
case analysis. All names are pseudonyms.

5.2.3.1 | Lisa. Lisais a 20-year-old female who has taught
a relatively high (compared with the other preservice teachers)
number of science lessons (more than 10). Her pre-test scores on
the DSAQ are relatively low, almost all under 2 (“does not apply
to me”), as well as her self-efficacy for DI practices, while her
attitude toward teaching science is reasonably positive (as
shown in Table 1). One of the things she struggled with before
the start of the PDP was identifying educational needs and set-
ting differentiated goals. In the pre-interview she said:

The best thing to do would be to adapt [the goals]
to students’ needs. Some students will be ready
for a more challenging goal, and others will have
to take a step back. Right now, I'm not doing that
yet, because I haven't figured out what the division

could be.
In the post-interview, there was a clear change:

During the lessons that I had to teach (...), I really
looked into what do I think is a main goal? (...) Then
you can always look at: how can I maybe simplify it
for students who will not reach that goal? And more
challenging goals (...).

She now felt she had sufficient insight into the knowledge, skills
and attitude of the students to be able to establish different
groupings. This is also reflected in her self-efficacy score on the
post-test questionnaire (from 2.25 to 4).

Lisa valued using mathematics and reading scores as a tool for
identifying needs. She felt that generally only students who
are high-achievers in mathematics are ready for enrichment
in science, with some exceptions for students who are very en-
thusiastic or have an attitude of inquiry. When asked if she
feels the enrichment is too difficult for other students, she
responded:

Yes. Today as well, when I look at the questions they
had to answer for the quiz, I really think: “Wow,
suddenly it's 10 steps too far for most of them. While
the high-achieving kids (...), they are really ready for
that enrichment. If you change everything all of a
sudden, and start to ask all those questions, I think
they get stuck in their heads, the middle group and
especially the children with reading difficulties. I

I think it is too complex for them, or too far from their
experience
(interview; lesson 2).

In the first lesson that had to be carried out as part of the PDP,
Lisa provided the additional instruction to students with read-
ing difficulties while they were still seated at their own desk,
with other students beside them already working on the as-
signment. She felt that this didn't work, as she couldn't engage
the students with her additional instruction, so she forfeited
the instruction sooner than she had intended. Furthermore,
she asked enrichment questions to two pairs of students with
high mathematics achievement, which was effective in her
opinion;

I think that maybe they considered their process
again, like “What did we actually do? Was this a fair
experiment?’ (...) The other [high-achieving math]
students, where I focused more on enrichment
regarding knowledge, I made them think more (...)
Making connections between concepts or stuff they
had to do last time

(interview; lesson 1).

Lisa seemed to have a focus on students’ learning of concepts
and how enrichment questions might support this. This was
especially noticeable in lesson 2, where students were exper-
imenting with balancing a ruler, which hung horizontally off
the side of a table on a thread, while placing clothespins on
both sides of the ruler. By placing a clothespin on one side of
the ruler closer to the fulcrum than the other side, the balance
of the ruler is skewed to one side. When asked to explain this,
many students stated: “because one side is heavier”, ignoring
the influence of distance. Lisa asked two students, who had
provided that answer, to put the clothespins in their hands,
one on each side. “Is one side heavier or are they both the
same weight?”, she asked. When the students answered that
both are the same weight, she followed-up with the question:
“But if both clothespins are the same weight, how can one side
of the ruler be heavier?”. This question seemed to stimulate
these students to further experiment with the ruler. In reflect-
ing on this occurrence, Lisa says:

These girls eventually came to the insight that
distance also has something to do with balance. (...)
I definitely saw them in deep thought. That's nice.
That's the goal of enrichment, that they will think
some more about what they are doing. So it's a nice

addition.
(interview; lesson 2).

Lisa's noticing of the consequences of the practice of asking en-
richment questions thus seemed to lead to (or strengthen) a be-
lief about the added value of this practice.

5.2.3.2 | Anne. Anneisa 20-year-old female, with, compared
with Lisa, less experience but higher scores on the pre-DSAQ
(between 2 and 3 on average, as shown in Table 1). Pre to post
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changes in DSAQ scores were small, while Anne's evaluation
scores in her reflective journal on how the PDP had supported
her learning to implement DI were high (average of 6 on 7-point
Likert scale items). In the first interview, Anne indicated that she
had only taught one science lesson so far. She felt she needed to
gain more experience with science education in general before
implementing DI practices. However, she did also feel confi-
dent in being able to apply DI in science education, for example,
using additional instruction groups as she does with mathemat-
ics education. In order to achieve this, she felt she needed more
insight into students’ needs, examples of differentiated lessons,
and more time during a lesson to see and support all students.

The support she envisioned seemed to be mainly focused on stu-
dents’ process and inquiry skills as opposed to conceptualiza-
tion, which is something that did not seem to change over the
course of the PDP. In the pre-interview, she mentioned:

I don't necessarily think they need to learn, for
example, why a paper clip floats or something like
that. I don't think that's important. (...) It's about their
ability to work with such a teaching method, I think.
I believe that's what my class needs most.

After the first lesson, in which Anne implemented the DI-
practices that were part of the PDP, she was surprised at her stu-
dents’ capability:

I asked the two pairs enrichment questions. They
really came up with an answer, that sound needs
something to bounce off from, in order for you to hear
it. I found that quite nice, that they came up with that.
1 did not expect it actually.

In the post-interview, however, her focus was still mainly on
skills:

For me, especially in my class, it's really the skills
that the children don't possess yet because they're
not accustomed to doing inquiry-based learning. (...)
Some of them have the knowledge, and some don't,
butit's mainly the skills that they still lack in my class.

The enrichment that she offered in the third science lesson (the fol-
low-up) was also focused on skills, where high-achieving students
were instructed to use multiple sources of information instead of
one, and to compare sources to answer their research question.

Regarding her own self-efficacy in asking enrichment ques-
tions, she stated:

At first I thought, how on earth can you do that if
you yourself don't even know how the concept works
exactly... Now we just did some things together [in the
PDP], and I can ask questions more easily because of
that.

(Interview; post-test).

During the observations of lesson 1 and 2, however, it seemed
that the enrichment questions that she asked were still some-
what limited. She did ask the questions as discussed in the PDP,
but did not respond much to the answers provided by the stu-
dents. One student was on the verge of understanding the impor-
tance of distance in the experiment with the ruler.

He did not reason about multiplying distance with
weight (...) I thought: he is not going to get there
anyway, and I might just confuse him (...). It might
work, but I would need more time (...) Otherwise, he
will just be frustrated

(interview; lesson 2).

After both lessons, when asked what the added value was of ask-
ing enrichment questions, Anne answered that it will get stu-
dents more enthusiastic about the lesson, but that it's not really
necessary for their learning.

5.2.3.3 | Iris. Irisisa22-year-oldfemale, with somewhatless
experience in science education than Lisa, but somewhat more
than Anne. Her DSAQ-scores were between 2 and 3 for most
scales on the pre-test, and between 3 and 4 on the post-test (as
shown in Table 1). In the pre-interview, Iris found it hard to
envision what DI in science education would look like because
of lack of experience. She did think it is possible and necessary
to implement DI in science education.

In the first lesson, Iris had trouble with implementing the DI prac-
tice of asking enrichment questions. She felt that the students were
concentrated and working “nicely”, and she didn't want to disturb
that by asking them questions. In reflecting on the question if
these students should have had enrichment, she said:

I don't think they will go home with the feeling ‘oh,
this was so simple, I didn't get anything out of it’. (...)
I think they all really enjoyed it... (...) They all learned
something today. So, I don't think they missed out
(interview; lesson 1).

In the second lesson, she did ask some enrichment questions,
but still found it difficult:

When they started trying it, I asked ‘What is
happening now? Articulate what is happening.’
[Thinks] Yeah... Oh, I do find those enrichment
questions a bit tricky, you know

(interview; lesson 2).

It is possible that she didn't ask the enrichment questions in les-
son 1 because she found that difficult to do, because of low self-
efficacy or lack of content knowledge, rather than not wanting
to disturb the students.

Similar to the practice of Anne, Iris seemed to lack a focus on stu-
dents’ learning of content or concepts. But while Anne seemed
to be focused on inquiry skills, Iris was mainly concerned about
whether students showed on-task behavior, rather than if they
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were learning new skills. This was also reflected in her answer
to the question how she determined that students had a good
understanding of the concept ‘balance”

That they're not looking at that worksheet thinking,
‘What am I supposed to do now?’ (...) So they got to
work right away and didn't have all these question
marks above their heads

(interview, lesson 2).

Another incident that supported this notion was during the ob-
servation of lesson 2. Iris had provided a pair of students with
an enrichment question, by placing two clothespins on one side
of the fulcrum and asking them where a third clothespin should
go to make the ruler balanced. The students made an incorrect
guess before placing the clothespin (the clothespin had to be
placed much further away from the fulcrum than the students
had guessed). This made them exclaim: “Huh? But how can that
be?!” Iris responded with something along the lines of: “Good
job, so where does the clothespin go? Write it down”, and walked
away. She did not support these students in using their discovery
and amazement to reason about the role of distance.

Different from Lisa and Anne, Iris’ practice of identifying who
needs support or enrichment was not only informed by mathe-
matics and reading scores. In the interview after lesson 1, she
mentioned that she feels there are also other indicators that de-
termine whether a student struggles, such as concentration. She
also felt, after lesson 1, that students working in homogenous
pairs (i.e., ability grouping) were disadvantageous for students
with reading difficulties; there is no one ‘taking the lead’. In the
post-interview and the interview after lesson 3, she mentioned
using mathematics and reading scores as identifiers for needs,
but also her own observations. Grouping decisions were made
based on ‘strengthening each other's character’, for instance
pairing high mathematical achievers with creative students.

Furthermore, Iris mentioned in the post-interview that she does
not want to take children aside for additional instruction during
a science lesson. Pre-teaching would be an option she would
consider, but during the lesson itself she feels the additional in-
struction is perceived negatively by students.

I don't know why. With math, for example, you do
sometimes take students aside to provide additional
instruction. That is perceived really differently from
when all other students get to work on a worksheet or
craft-assignment

(interview; post-test).

The term ‘worksheet’ was used by Iris to refer to something
other than the students’ regular workbook, such as the work-
sheet that was used to guide students' experiments.

5.2.3.4 | Follow-Up Lessons. We will discuss the main
differences or similarities between the three follow-up lessons.
A first similarity of all three was that the lessons were not typi-
cal or high-quality science lessons, which evidently influences
the DI practices enacted by the preservice teachers. Suitable

for the Dutch context of science education, some of their les-
sons were more focused on design-based learning, yet still
substandard. Lisa taught (part of) a design-based learning
lesson about a communication tool for the future, Anne a his-
tory themed lesson with “inquiry” (consulting online sources)
regarding a conflict between two countries, and Iris carried
out a design challenge where students had to build a bridge
that could hold a toy car, using three sheets of paper. Although
all lessons had some connection to inquiry or design, they
lacked some important elements of science education, such as
active construction of conceptual knowledge or systematically
testing and refining a solution for a well-defined problem. Iris
purposely chose to simplify her lesson, a decision she first
ascribed to the students’ ability level. After further question-
ing, however, she said:

I also find it challenging to explain. So, it's a bit for
myself as well, like ‘okay, I don't understand it. Then
I can't convey it to the children either’ (...) I think if
I had confidently said ‘Hey, guys, you can build a
suspension bridge like this or that, if I can convey it
well and answer questions about it, then I believe it

would become clear for the students’
(interview; lesson 3).

Notably, Iris' self-efficacy scores for DI in science education
were almost maximum.

Both Anne and Iris chose not to provide support for students
who had trouble attaining the lesson objective, while Lisa pro-
vided pre-teaching for all students. Anne and Lisa indicated
they had trouble identifying students who might need sup-
port. In Anne's case, some general support related to her fol-
low-up lesson was already provided for students with reading
difficulties at a different time, by a different teacher. Iris indi-
cated that there were no students who had trouble attaining
the learning objective. She mentioned that she usually starts
with instruction for everybody, and adjusts her teaching on
the spot if necessary:

I do make sure I know, ‘Okay, how can I take a step
back, in order for them to understand it? So I don't
have to come up with it on the spot

(Interview; lesson 3).

However, upon further questioning, Iris could only come up
with examples for mathematics education. She realized that she
finds it difficult to determine how to adjust her science instruc-
tion to attune to a student's current understanding, which is
something Lisa mentioned as well.

For enrichment, all three preservice teachers selected students
who are high-achievers in mathematics or other subject areas.
Both Anne and Lisa specifically felt that mathematics scores are
a good indication of who needs enrichment in science. Lisa also
mentioned strong communication skills as indicative. Lisa and
Iris grouped students heterogeneously according to their general
academic ability, reasoning that students can be complementary
to each other. Lisa said:
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FIGURE4 | Change sequences embedded units of analysis.

Often time those kids who may not be very strong in
math or grammar are very creative and can inspire
other children (...) to come up with more creative
ideas

(interview; lesson 3).

In Lisa's lesson, the group of students that turned out to be
‘strongest’ in their work was not what she had expected before-
hand, which struck her as very positive. The type of enrichment
provided was different for all three teachers. Lisa asked ques-
tions, Anne had an additional learning objective (comparing
multiple sources of information) and Iris provided a restriction
in learning material (building the bridge with one instead of
three sheets of paper).

5.2.3.5 | Cross-Case Analysis. The change sequences
for all three embedded cases are depicted in Figure 4. The
green arrows represent change sequences that were evident
for all three preservice teachers, although they might rep-
resent different practices. Notably, for all three, there were
no arrows going to the external domain, meaning that apart
from the input provided in the PDP, there were no changes
regarding external sources of information. For Lisa, changes
in the domain of practice as a result of the PDP (e.g., using
mathematics and reading scores as indicators, asking enrich-
ment questions) led to changes in the domain of consequence
(e.g., noticing how students are ready for enrichment), which
led to a (strengthened) belief about who is ready for enrich-
ment and who is not. There was also a continuance of a prac-
tice, as she asked enrichment questions in the follow-up lesson
as well. She still felt insecure about supporting students who
have trouble with the learning material in science education,
which she also didn't specifically implement in the follow-up
lesson (she provided pre-teaching for everybody). Addition-
ally, her expectations for the follow-up lesson about who would
be a high-achieving student did not match with the outcome,
which might lead to new beliefs and expectations for the fol-
lowing lesson.

For Iris, a change sequence also starts with asking enrichment
questions and providing support to ability groups in practice, as

aresult of the PDP. Regarding support, the most salient outcome
for her was that it feels uncomfortable to work with additional
instruction in science education for ability groups. It seems that
she also does not feel the students with reading difficulties are
in need of extra support, as she does not provide this in the fol-
low-up lesson. She did continue with enrichment and also uses
her own observations in addition to students’ mathematics abil-
ity to determine who might need enrichment. She challenged
students by limiting their use of material rather than asking
them questions. Asking enrichment questions is something she
might still feel insecure about, even though her post-test self-
report self-efficacy score was almost maximum. In terms of a
change sequence, it is possible that the PDP did increase her self-
efficacy (arrow from external to personal), but that trying it out
in practice, after the PDP, decreased it (arrow from practice to
personal).

For Anne, important change sequences were also related to
the practice of asking enrichment questions. By doing so, she
discovered that students were able to answer these questions
(domain of consequence), which she had not expected. This
did not seem to change the belief she had about knowledge or
conceptualization being less important than skill acquisition in
science education (personal domain). The learning goals that
she formulated within the PDP were focused on conceptualiza-
tion, but in the follow-up lesson, they were mostly focused on
inquiry skills. Her continued practice thus seems to be mainly
influenced by existing beliefs, rather than the outcomes she ex-
perienced throughout the PDP. Her self-efficacy beliefs about
being able to ask enrichment questions did change over the
course of the PDP, which may be a result of her practice with it
or as a result of training within the PDP. Her practice of asking
enrichment questions in lesson 2 also seemed to be influenced
by beliefs about certain students and whether or not her practice
would lead them to a better understanding of the concept, given
the available time.

6 | Discussion

Employing an embedded single case study, we aimed to explore
how a professional development program (PDP) for differenti-
ated instruction (DI) in science education supports change in
preservice teachers. Specifically, we looked at preservice teach-
ers’ change in the personal domain, domain of consequence,
domain of practice, and the external domain, following the
Interconnect Model of Professional Growth (IMPG) by Clarke
and Hollingsworth (2002). By including preservice teachers as
embedded units of analysis, for which we collected more in-
depth sources of evidence, we could examine in closer detail
how changes in the different domains interact with each other
(i.e., change sequences) to further illustrate our case of profes-
sional development.

Our PDP was designed to support change in the four domains
of the IMPG, by, for example, including theory on DI and DI
in science education (external domain), deliberate practice
in both group meetings and in the preservice teachers' in-
ternship schools (domain of practice), support for pedagog-
ical content knowledge prior to the lessons the preservice
teachers taught (personal domain), and reflecting on student
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outcomes (domain of consequence). In our results section, we
provided an extended summary of preservice teachers' profes-
sional development based on questionnaire data and reflec-
tive journals, and for three embedded units of analysis also
observations and interviews. Overall, preservice teachers re-
ported increased practice of DI in science education, higher
self-efficacy in implementing DI in science education, and
positive experiences with the PDP. With the use of the IMPG,
we illustrated aspects of the PDP that may have contributed
to change, while also nuancing the self-reported progress. To
answer our research question, we will discuss the most im-
portant changes in three domains of the IMPG: the personal
domain, domain of consequence, and the domain of practice.
For the external domain, which consists of external sources of
information or stimuli, there were no changes other than the
input provided in the PDP. We therefore focus our discussion
on changes in the other three domains.

6.1 | Personal Domain

The personal domain consists of changes in preservice teachers’
knowledge, beliefs, and attitude (Clarke and Hollingsworth 2002).
In general, the preservice teachers lacked knowledge about sci-
ence education, DI in science education, and specific content
knowledge. The findings show that the PDP supported the preser-
vice teachers in, for example, knowing how to set differentiated
goals or how to formulate enrichment questions. While the PDP
also supported the preservice teachers in content knowledge for
the two lessons that were part of the PDP, the follow-up lessons for
the embedded cases were free of choice and were not supported or
prepared during the PDP. Notably, all three follow-up lessons did
not include teaching science content knowledge. A likely reason
why these preservice teachers chose to abstain from teaching sci-
ence content knowledge is a lack of self-efficacy in this area, which
became apparent in the embedded analysis of Iris. She initially
claimed she decided to simplify her science lesson about construct-
ing a bridge because of the students’ ability but later acknowledged
that she felt it was too difficult for her in terms of content knowl-
edge. She did think that if she had invested more time in under-
standing the material herself, she could convey it to the students.

The interrelatedness of lower self-efficacy beliefs, lack of
content knowledge, and teaching practice has been previ-
ously shown as well (Bleicher and Lindgren 2005; Knaggs
and Sondergeld 2015; Menon and Sadler 2016). In the current
study, however, quantitative self-efficacy scores were quite
high after the PDP, including for Iris (4.75 out of 5), which does
not seem to correspond with our findings in the follow-up les-
son. This discrepancy was also found in the study by Eysink
et al. (2017), regarding DI in science education among in-
service teachers, and by Herrington et al. (2016), regarding
science teaching among preservice teachers. These authors
hypothesize that a limited view of what DI or science teaching
entails may help explain the inflated self-efficacy perceptions.
Kazempour and Sadler (2015) also speculate that preservice
teachers who are interested in science may overestimate their
ability to teach it. Alternatively, preservice teachers might
feel discomfort in admitting they lack knowledge (Wilkie and
Clarke 2015).

Changing beliefs about students was important within this do-
main as well. Part of the PDP was to write down expectations
about students and reflect on them, which led to surprising out-
comes for several preservice teachers; students were unexpect-
edly competent or engaged. In a study about teaching algebra,
Wilkie and Clarke (2015) found that teachers were similarly
surprised that their “usual suspects”, that is, students with high
mathematical achievement, were not the most competent stu-
dents when it came to functional thinking. This further points
to the importance of identifying educational needs, which is dis-
cussed under the domain of practice.

6.2 | The Domain of Consequence

The domain of consequence constitutes the outcomes of
a classroom practice that a teacher considers to be salient
(Clarke and Hollingsworth 2002). Related to this domain,
we found that preservice teachers seemed to lack a focus on
student learning yet were able to develop it more through the
PDP. Focusing on student learning has been linked to the
ability of noticing, which can be conceptualized as teachers'
ability to identify and attend to student ideas, to make sense
of what they observe or hear students say, to connect this to
their pedagogical content knowledge, and to shape their fol-
lowing interactions with a student (Kang and Anderson 2015;
Preminger et al. 2024; van Es and Sherin 2021). In science ed-
ucation, noticing is relevant in order to respond to students’
(initial) conceptions (Chan et al. 2021).

A first indication of a change in noticing was that one pre-
service teacher revised her initial reflection that students
had not learned anything, which was induced by examining
the worksheets together in a group session. Hence, letting
the preservice teachers reflect on actual outcomes rather
than what they thought the outcome was seemed to lead to a
changed belief. This finding is similar to the study by Kang
and Anderson (2015), where the use of high-quality assess-
ments and supporting subsequent interpretation of these as-
sessments was related to preservice teachers' noticing and
responsiveness to student thinking.

Second, we described how Lisa asked enrichment questions
to help students reframe their reasoning when she noticed
that students did not yet integrate distance in their reason-
ing about balance. She also noticed the consequence of her
practice, which seemed to lead to a (strengthened) belief about
the value of it, as she continued with asking questions in her
follow-up lesson. Both Anne and Iris, on the other hand, did
not seem to be convinced that asking questions could improve
learning outcomes and did not continue with it in their fol-
low-up lessons. Their ability to notice also seemed less de-
veloped; Iris was more focused on maintaining an “orderly”
classroom and did not respond to students' amazement during
their experimentation, while Anne mentioned that she previ-
ously did not review the learning objectives of a lesson. Lisa
was also most experienced in science teaching, which might
help explain the differences between these teachers. In pre-
vious studies, novice teachers are found to be less focused on
student learning than more experienced teachers (Preminger
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et al. 2024; Richards et al. 2020; Widjaja et al. 2017; Wolff
et al. 2015).

Another salient outcome preservice teachers reflected on was
students’ perception of certain DI practices. Within the PDP,
we chose to let the preservice teachers practice with additional
instruction for ability groups; a form of DI that is very com-
mon in many (Dutch) schools for language and mathematics
education (Denessen 2017; Prast et al. 2023). Most preservice
teachers in the current study felt uncomfortable implement-
ing this practice in their science lessons. In the first science
lesson, additional instruction was provided to a small group
of students with reading difficulties, while other students
were already working on their experiments. Some students
had expressed their dislike of being taken aside after whole-
class instruction (“Why always me?”), leading preservice
teachers to conclude that it was demotivating for students.
Most preservice teachers did feel comfortable with providing
the additional instruction through pre-teaching or to pairs of
students already experimenting. Iris reflected on her different
perceptions of additional instruction for science versus math-
ematics education and attributed it to the difference in type
of learning activities (e.g., experimenting versus working in a
textbook). It may also have to do with the preservice teachers'
objective for the science lesson; Anne, for example, indicated
that she did not think it was necessary that students learn con-
ceptual knowledge and was more focused on teaching skills.
The disinclination of preservice teachers to use this DI prac-
tice points to the need to research DI in the specific context of
science education.

Furthermore, for the follow-up lesson, two of the three selected
preservice teachers used heterogeneous ability grouping. These
preservice teachers reasoned that, by grouping generally high-
achieving students with academically low-achieving but creative
students, everyone could learn from each other. The research
done so far regarding the effects of ability grouping has been am-
biguous (e.g., Denessen 2017; Prast et al. 2023), which is prob-
ably due to the complexity of grouping. Important distinctions
exist between, for instance, fixed or flexible grouping, grouping
for specific subjects or not, and whether or not the teacher ac-
tually modifies instruction to accommodate the needs (Deunk
et al. 2018). Further research is needed for both the effects of
ability grouping in the context of science education, and the be-
liefs teachers hold about grouping and how they affect their in-
structional decisions.

6.3 | The Domain of Practice

Practicing with the implementation of DI resulted in changes
in the domain of practice, as the preservice teachers in this
study had little experience with DI in science education.
Considering the complexity of DI, their lack of experience is
not surprising. The in-service teachers in the study by Eysink
et al. (2017) were found to only implement DI in their sci-
ence lessons during an intervention, but not before or after.
Frerejean et al. (2021) have also pointed out that mastering
basic classroom management skills might be a prerequisite
for learning to implement DI. Our results about preservice

teachers' inability to notice meaningful interactions endorse
this claim, yet our findings also show that only minor prompts
provided in our PDP made preservice teachers more aware of
student learning. It is important to further understand the re-
lationship between classroom management skills and noticing
in the context of implementing DI in science education. For
example, are preservice teachers unable to identify meaning-
ful learning opportunities or is it that they are uncomfortable
acting upon those opportunities because of having to manage
the rest of the classroom?

The DI practice of identifying educational needs posed difficul-
ties for preservice teachers in the context of science teaching. We
chose to include mathematics and reading achievement as indi-
cators for support or enrichment, as these individual differences
have been linked to achievement in science education. However,
we also discussed with the preservice teachers how using these
scores can be problematic, as low prior achievement has been
shown to lower teachers' expectations of students and negatively
affect students' subsequent achievement (Rubie-Davies 2015).
Furthermore, students who usually struggle academically can
be high achievers in science education (Slim et al. 2022), which
the preservice teachers in the current study mentioned as well.
It thus seems vital to determine how these students can best be
supported or challenged while cherishing their positive learning
experience with science, and how (preservice) teachers can fur-
ther be supported in identifying needs.

6.4 | Limitations

A first limitation of the current study is that we could only provide
limited insight into the professional growth of the preservice teach-
ers. By including follow-up observations for the embedded cases,
which is an advantage of the current study, we were able to de-
termine how preservice teachers implemented DI in their science
lessons when given more freedom of choice. Lasting professional
growth, however, should be established through a longitudinal
study. Second, we have accounted for the validity of the DSAQ in
the context of science education by using Cronbach's alpha and tri-
angulation of data. Since self-report measures are prone to deviate
from actual DI practice (Sougari and Mavroudi 2019), which our
results underline, a validated measurement instrument regarding
DIin science education is an important gap that must be addressed
in future research. Preferably an instrument that includes lesson
observations, or one that accounts for teachers’ actual knowledge
about DI, rather than mere self-report. Third, our PDP offered
limited support for students who have trouble attaining the lesson
goals. Our focus on providing reading support was based on previ-
ous research, but further research into the various difficulties stu-
dents face in science and how these can be supported by teachers
is much needed (Slim et al. 2022).

7 | Conclusion and Implications

The current study has presented a detailed look into how a PDP
for DI in science education supported change in preservice
teachers, thereby providing important implications for future
research and science teacher education.

Journal of Research in Science Teaching, 2026

17

85UB017 SUOWIWOD 3AITEaID a|qeo!|dde a1 Aq pausencb afe sajonre YO ‘esn Jo sajni 1o Arig1 8UlUO /8|1 UO (SUONIPUOI-pUR-SWB)W0Y A3 1M ARelq 1 BUI|UO//:SANY) SUONIPUCD pUe SWe | au1 89S *[9202/T0/62] Uo Ariqiauljuo A|IM ‘1A N1 Ad SE00.88)/200T 0T/I0p/W0d" A3 1M Akelq 1 pUI|UO//:SANY Wwiouy pepeojumod ‘0 ‘9€/2860T



First, our results provide more insight into how DI can be im-
plemented in science education and endorse earlier calls for re-
searching DI in specific contexts (e.g., Pozas et al. 2020). Research
on the implementation of DI in science education is limited
(Sun and Xiao 2021; Tobin and Tippett 2014), yet professional
development for subject-specific DI is most effective (Kahmann
et al. 2022). Our study is therefore an important contribution to
the field, as it provides process descriptions of what DI in science
education looks like and what possible barriers or opportunities
there are for starting teachers. Preservice teachers' inclination to
provide additional instruction to students with reading difficul-
ties, for example, illustrates the necessity to advance our under-
standing of DI in science education; relying on knowledge about
DI in other educational contexts is not enough to fully under-
stand preservice teachers’ professional development.

Second, by building on the theory of Clarke and
Hollingsworth (2002), our findings contribute to the under-
standing of teachers' professional growth in terms of changes in
multiple domains working together in a non-linear process. To
our knowledge, our case study is the first to specifically examine
preservice teacher professional development regarding imple-
mentation of DI in elementary science education. Earlier studies
that have used the IMPG highlight the domain of consequence
as central for teacher learning (e.g., Justi and Van Driel 2006;
Preminger et al. 2024; Widjaja et al. 2017; Witterholt et al. 2012),
which is also in accordance with Guskey (2002), who proposes
that evidence of student learning contributes to changes in
teachers' attitudes and beliefs. Particularly for teacher develop-
ment regarding DI, Schipper et al. (2017) have shown as well
that increasing the focus on student learning can help preservice
teachers' development of DI-related skills. Our results about the
important role of noticing fit in with this line of reasoning. They
show how it can be worthwhile for teacher education programs
to specifically support preservice teachers in the skills associ-
ated with noticing, by analyzing students’ work together, using
high-quality assessment tasks, or helping them to set goals and
review them (Kang and Anderson 2015; Preminger et al. 2024).

A third conclusion is the possible fundamental role of the personal
domain of the IMPG, likely due to this study’s distinctive context
of science education. Within the structured, pre-planned science
lessons that were part of the PDP, most preservice teachers were
able to implement DI. However, for the science lesson that was
free of choice, we saw that the three preservice teachers abstained
from teaching content knowledge, which affected their use of DI
as well. Preservice teachers' lack of content knowledge seemed
to play a role, either in relation to beliefs about the objectives of
science education or with low self-efficacy. Given that vicarious
experiences contribute to the development of self-efficacy, it is im-
portant that teacher education provides preservice teachers with
effective role models (Kazempour and Sadler 2015; Scarparolo
and Subban 2021). Role models who are effective in both science
teaching as well as implementing DI in science education.

Future research using the IMPG should further disentangle the
interplay of the different domains in the context of science edu-
cation and implementing DI. For teacher education programs,
supporting content knowledge development and self-efficacy
seems a promising catalyst for improving science teaching over-
all and preparing teachers to meet the needs of all students.
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