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Abstract: Lesson planning is a core task for preservice teachers and simultaneously a major chal-
lenge due to the complexity of the planning process. This complexity can be reduced by using pre-
selected teaching materials (material-based planning). To explore its potential, think-aloud proto-
cols of material-based planning on the topics of photosynthesis and digestion by 13 preservice biol-
ogy teachers at a German university serve as the main data source. The data were coded using qual-
itative content analysis, whereby a superordinate distinction was made between core and secondary
dimensions of lesson planning. The results reveal a focus on core dimensions such as instructional
strategies (visible structures) and student understanding (deep structures), while secondary dimen-
sions like reflecting task authenticity are comparatively rare. This shows the potential of material-
based planning, which enables preservice teachers to concentrate on central planning dimensions
due to a reduced workload. Further analysis of the code frequencies shows an imbalance between
visible and deep structures, which is more commonly observed in the planning of photosynthesis
and is interpreted as an indicator of students’ overload due to the complexity of the topic. Successful
planning by preservice teachers is therefore dependent on both planning task and topic selection.
Corresponding implications for teacher education are discussed.
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1. Introduction

Lesson planning is a core task of professional teachers [1,2] and has been an essential
component of teacher education worldwide for decades [3-6]. In particular, it offers an
important and typically first opportunity for theory and practice to become meaningfully
intertwined in teacher education [7]. Since lesson planning cannot be learned intuitively
or solely through classroom experience [3,8-10], diverse attempts have been made to cre-
ate planning tasks that are fictitious but as authentic as possible as a means of facilitating
lesson planning in university courses (e.g., adaptation of curriculum materials [8]; plan-
ning with generic planning models [9]). A promising approach is to plan based on topic-
specific, preselected instructional materials (material-based planning (MBP) [10]), as the
selection of material is a fundamental and demanding step in real planning processes [11].
The restriction to preselected instructional material promises to reduce the complexity of
the planning process, since the selection from an overabundance of materials, e.g., from
the internet, is experienced as overwhelming by preservice teachers [11,12]. However,
there is little evidence on how the topic and the instructional material influence the plan-
ning process.

Beyond the specificity of the topic, there are other challenges for preservice and in-
service teachers associated with inquiry-based learning [13]. However, there have been
few studies concerning whether and how these problems are already present in lesson
planning [14]. Against this backdrop, this study aims to investigate the suitability of topics
for inquiry-based learning to facilitate preservice biology teachers” development through
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material-based lesson planning. To this end, the topics of photosynthesis and digestion
were selected as exemplary for planning inquiry-based learning with divergent planning
challenges, comparable complexity and frequent implementation in schools. Thus, this
study aims to illuminate the usefulness of material-based planning as a planning setting
for teacher education with particular attention to the importance of the topic in facilitating
preservice teachers’ lesson planning. The presented results of the material-based planning
processes are interpreted against the background of previous findings.

1.1. Teachers’ Lesson Planning Process

The aim of lesson planning is to “design a coherent sequence of lesson steps” [15] (p.
280) and “[...] every activity in a lesson sequence [...] function in a specific manner in
order to move students towards achieving a specified learning goal” [16] (p. 83). Accord-
ingly, in lesson planning, professional knowledge (both conceptual and procedural) must
be applied in a complex, integrative process to make both generic and subject- or possibly
even topic-specific decisions regarding content, goals, activities, methods, materials, etc.
[17-20]. In the literature, the quality of the planning process has been examined through
expert-novice comparisons under the assumption that experts exhibit a high degree of
quality in the planning process [21-24]. Despite the basic problem of defining experts in
the teaching profession [25,26], this research has shown that a main characteristic of expert
planning is the use of cognitive analysis in the planning process. Westerman [24] (p. 292)
concretely noted that “[...] expert teachers thought about learning from perspective of the
student and performed a cognitive analysis of each learning task during planning”. In so
doing, experts have verified the fit between learning tasks and students’ learning dispo-
sitions while referring, albeit implicitly, to defined learning goals [27]. Accordingly,
Blomeke et al. [28] (p. 758) argued that “it seems as if thinking about goals of teaching is
the strongest indicator of professionalism”. Thus, expert planning is an integrative align-
ment of processes that are visible in the classroom with both cognitive and affective pre-
conditions, processes and goals [29]. While experts succeed in designing a sequence of
lesson steps according to a learning path to facilitate learning progression, novices have
difficulties in doing so [24,30]. They focus primarily on visible structures, such as students’
activities, classroom management or methods and media, while neglecting deep struc-
tures, such as prior content knowledge and students’ understanding or goals [15,24,31,32].
Thus, PSTs have difficulty selecting learning activities that fit with appropriate learning
goals and analysing those activities cognitively to anticipate potential difficulties or inter-
actions with prior knowledge [24,33]. Drawing from this theoretical background, there are
two core planning dimensions (visible and deep structures), and an imbalance between
these dimensions indicates problems in planning [29] (see Figure 1).
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Figure 1. Representation of experts” and novices’ use of core planning dimensions according to Oser
and Baeriswyl [29]; Westerman [24].
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Besides the core planning dimensions of visible and deep structures, teachers must
understand both the central ideas of the lesson topic to be taught and the structure of the
topic. This topic understanding is a basic requirement of both subject- and topic-specific
analyses of representation or learning tasks [1,27]. The corresponding process of analysing
representation or learning tasks from a content-oriented perspective has been described
by Authors (2022) [10] and referred to as the topic structure. The topic structure is a third
core planning dimension and must be integrated if expert planning is to be achieved (see
Figure 1). As novices usually have less content knowledge and thus struggle to integrate
this knowledge in planning [32,34], this dimension of the topic structure is particularly
relevant to modelling lesson planning, both in analysing the planning activities of PSTs
and as a means of overcoming the limitations of generic planning models.

1.2. Lesson Planning in Teacher Education

Despite the consensus that lesson planning has been central for professionalisation
in teacher education and corresponding research since the 1970s (e.g., [35-37] and remains
ongoing (e.g., [17,22,38,39]), there is almost no evidence (1) regarding the relationship be-
tween planning quality and teaching quality, (2) concerning the influence of professional
knowledge on planning or (3) pertaining to the progression of planning skills in teacher
education [23]. Because there is little agreement on how to promote lesson planning in
university courses, different planning settings are found in the literature that differ in con-
textualisation, material base and supporting models (e.g., [9,10,32,40]). Therefore, these
three factors should be taken into account when selecting a suitable setting to promote
lesson planning and will be discussed and consequently justified as secondary planning
dimensions in the following.

1.2.1. Contextualisation (Authenticity)

Approaches to fostering planning skills vary in terms of how they are contextualised,
namely, whether planning is targeted to real learning groups (e.g., [22]), fictional learning
groups (e.g., [10,40]) or fellow students (e.g., [9,41]). The context of planning settings is
very important since “knowledge of students [...] has a great influence on a teacher’s ped-
agogical reasoning and their cycle of planning, teaching, and reflecting” [42] (p. 88). There-
fore, the goal of teacher education should be to generate an authentic context as a “neces-
sary condition for a quality in teacher education program” [43] (p. 291). Since such an
authentic learning context is available only in planning for real learning groups during an
internship [43], one alternative that can provide a context for planning in university
courses is the task of planning microteaching sequences for fellow students. Nevertheless,
inauthenticity might be a problem in planning for microteaching because PSTs are uncer-
tain regarding the preconditions and level of prior knowledge that they should assume
when planning for peers [9]. Therefore, important in-depth analysis of the core planning
dimension, such as thinking about learners’ preconditions, is impossible or very limited
[9,44]. Thus, case scenarios, in which fictional classroom settings are established as a
framework for planning university courses, offer a promising alternative for PSTs’" plan-
ning [45]. From accompanying information about the learning group, such as students'
prior knowledge, PSTs might become more certain about relevant preconditions, and the
planning process might be experienced in as authentic a manner as possible. With accom-
panying information about the learning group (e.g., about students' prior knowledge),
PSTs could experience the planning process contextualised in this way as more reliably
assessable in terms of relevant prerequisites, thus making the planning process feel as
authentic as possible.

Therefore, determinants of whether contextualisation is appropriate in a planning
setting include, first, certainty regarding, e.g., the preconditions that are met with respect
to the core planning dimensions and, second, the act of considering the authenticity of the
setting as a secondary planning dimension (see Figure 2).
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Figure 2. Representation of Core and Secondary Planning Dimensions in Teacher Planning Accord-
ing to Karlstrom and Hamza [9], Oser and Baeriswyl [29] and Westerman [24].

1.2.2. Material Base (Material Sourcing)

There are differences in the material base available for planning. In certain planning
settings, no material base is provided (e.g., [32]), while in others, PSTs can use preselected
material for planning (e.g., [10]), and in still others, complete lesson plans can be adapted
during planning (e.g., [8,45]). Comparing these different material bases, one overwhelm-
ing cause of problems with planning in teacher education might be the difficulty of select-
ing appropriate source material [9]. PSTs have only a small repertoire of familiar materials
to use in planning and are less experienced at selecting and adapting materials, e.g., from
the internet [12]. Therefore, the use of source material should be made easier in the context
of planning for academic courses [10]. This goal can be achieved through, e.g., adapting
curriculum material, including all important materials (curriculum planning; see [46]).
Adapting such planning usually leads to qualitatively better results (e.g., better imple-
mentation of inquiry-based learning) than would be produced by leaving plans to be de-
signed by PSTs themselves [47]. However, this type of planning as an adaptation of cur-
riculum materials is disadvantageous since it is primarily the teacher's own planning de-
cisions that produce in-depth analysis [40]. A compromise is material-based planning [10],
in which preselected, fragmentary materials are provided as a basis for planning, but les-
son plans must be designed based on this material by the teachers themselves. The prese-
lection of the material base is crucial and is carried out according to certain criteria [10].
First, the material base must be suitable for inquiry-based learning because inquiry science
instructions have a positive impact on students’ learning [48]. There must be material for
all phases of the inquiry cycle (e.g., phenomena in a video = questioning, planning an
experiment = exploration, etc. [49]). Second, the material base must contain different forms
of representation (e.g., diagrams, texts, photos, etc.) because different representations go
hand in hand with alternative conceptions or students” understanding. Third, there must
be a variety of direct and indirect instructions (e.g., guided inquiry vs. open inquiry; [13])
because the degree of instruction has an influence on students” understanding [50]. An
overabundance of material and required selection from this material for concrete lesson
planning enable both in-depth analysis of the material and the integrated planning of vis-
ible structures [10]. Therefore, we consider material sourcing as a secondary planning di-
mension that determines whether the material base is appropriate (see Figure 2). This in-
cludes both the search or demand for materials beyond the material base or dissatisfaction
with the given material base.
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1.2.3. Supporting Models (Planning Rules)

Third, there are differences with respect to the guidance of the planning process. In
some settings, participants are instructed to use generic planning models (e.g., [9]) or sub-
ject-specific planning guides (e.g., [15]). In other settings, no guidance is provided (e.g.,
[40,51]. The literature shows that in-service teachers do not plan with generic planning
models [52]. In addition to their lack of references to the subject or topic specificity of
planning, generic planning models do not resemble the real planning process due to their
linearity [18]. On the other hand, some authors see great potential in the use of generic
planning models, as they might allow for more targeted planning tailored to the learning
group [53]. Therefore, the usefulness of these generic models in teacher education is con-
troversial. Alternatively, planning can be guided by subject-specific questionnaires
[15,54], thus facilitating the activation of professional knowledge. On the one hand, these
guides help structure the planning process; on the other hand, they constrain it through
narrowly predefined planning rules. However, the closest analogue to real planning situ-
ations encountered by teachers is the act of planning without a given model or guide to
structure the planning task, although familiar models or guides can still be consulted dur-
ing the planning process. The extent to which students structure their planning process
through generic planning models or guides can be seen in, e.g., their explicit mentions of
planning rules [9]. This consideration of planning rules derived from generic planning
models or subject-specific planning guides can be defined as another secondary planning
dimension.

In summary, lesson planning conducted in universities has specific characteristics
and challenges that might become apparent during the planning process (e.g., authentic-
ity, material sourcing or planning rules) [9]. Therefore, in addition to the core planning
dimensions (visible structures, deep structures and the topic structure), there are also sec-
ondary dimensions, such as authenticity, material sourcing or planning rules, that are
considered during the planning process (see Figure 2). Thus, the use of core planning di-
mensions, specifically the ratio of visible to deep structures, and the additional use of sec-
ondary planning dimensions provide a great deal of relevant information both regarding
PSTs’ planning skills and pertaining to the suitability of planning settings for teacher ed-
ucation.

1.3. Topic-Specific Lesson Planning

A consensus has emerged in the literature that pedagogical content knowledge is
topic-specific [55-58]. For example, topic-specific knowledge regarding strategies for
teaching, representations or activities is important [58,59]. Park and Chen [58] demon-
strated the importance of this topic specificity for photosynthesis and heredity. Further-
more, since topic-specific pedagogical content knowledge is fundamentally integrated
into pedagogical reasoning, planning skills themselves might be topic specific as well.
Nevertheless, no recent studies have compared PSTs’ planning skills on different topics.
Thus, the extent to which difficulties in PSTs’ planning processes are topic-specific re-
mains unknown, and accordingly, the question of which topics are best suited for facili-
tating planning in teacher education remains unanswered.

However, a particular potential for planning and teaching in science teacher educa-
tion has been noted with respect to inquiry-based topics [14,46,60]. First, inquiry-based
learning has been envisioned as a central element in science education [13,48]. It has been
described as the best science teaching environment to activate learning, especially in terms
of understanding the nature of science. Accordingly, inquiry-based learning has been in-
corporated into both national and international standards [61,62]. Second, various studies
have shown that inquiry-based teaching is a challenge for both preservice and in-service
teachers; PSTs have difficulty guiding students through inquiry-based lessons that require
an understanding of the nature of science [46,56,60]. Moreover, PSTs themselves often lack
an understanding of inquiry-based learning or the nature of science [34]. Consequently,
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inquiry-based learning is often equated with hands-on activities [45,46,63,64]. In line with
this view, PSTs often choose tasks that are fun to perform [30,46] or “science activities that
work” [65,66], neglecting the cognitive activation of students [30,67] or the goal of pro-
ducing empirical evidence. In the literature, challenges for teachers have more generally
been noted in the context of inquiry-based teaching (e.g., [67]) rather than with respect to
specific topics, although each topic entails specific challenges. Two common topics involv-
ing different challenges for teaching and learning are photosynthesis and digestion. These
and other topics differ in their relevance to the scientific principles of biology, students,
complexity or possible practical demonstration (see Table 1). However, no research has
been conducted on how different inquiry-based topics such as photosynthesis and diges-
tion are suited to the design of planning settings in teacher education.

Based on these considerations, this study designs a contextualised planning setting
for PSTs to facilitate the integration of the core dimensions (visible structures, deep struc-
tures and topic structures) and to minimise distractions from the secondary dimensions
(authenticity, material sourcing and planning rules). In this setting, PSTs” planning is ex-
amined with respect to two different inquiry-based topics (photosynthesis and digestion)
to derive conclusions regarding (1) the potential of material-based planning and (2) the
potential of the topics of photosynthesis and digestion to facilitate planning in teacher
education. The study is guided by the following research questions:

1.  (RQ1) (a) Which planning dimensions do PSTs use in material-based lesson plan-
ning, and (b) are there differences between the topics of digestion and photosynthesis
in this context?

2. (RQ2) (a) What ratio of visible to deep structures is used by PSTs in their planning,
and (b) are there differences between the topics of digestion and photosynthesis in
this context?

3. (RQB3) (a) What difficulties occur during planning due to imbalanced or balanced use
of visible and deep structures, and (b) are there differences between the topics of di-
gestion and photosynthesis in this context?

Table 1. Characteristics of the topics of starch digestion and the light dependency of photosynthesis.

Characteristics/Chal-
lenges

Starch Digestion Light Dependency in Photosynthesis

Relevance to students

Complexity

Principles of biology

Practical demonstration

Phenomena for explora-

tion

Concerns one’s own body, thus inspiring interest
Misconceptions concerning the interaction be-

‘Breaking foods down’ vs. ‘melting foods” [70]
Molecular interactions such as enzyme-substrate-

Diverse options for qualitative experimental access
(e.g., sugar proof after chewing or comparing the
influence of saliva or simulated mechanical crush-

One most significant phenomenon (bread becomes

dyi lants inspires less interest
‘Finding out how our bodies work’ [68] Studying plants inspires less interest [69]
tween structure and function Expenment'al stljategy asa Chal'lenge with respect to an
inquiry-based learning path [71]

complex, key-lock principle The concept of energy [72]

Diverse options for qualitative or quantitative experi-
mental access (e.g., the classic Elodea experiment [73],
starch detection in exposed and unexposed leaves)
Limitations of practical demonstrations due to unrelia-

ing) ble results and expensive equipment [71]

Several phenomena (e.g., phototropism or vegetation
sweet if you chew on it for a long time) P ( 8 cp s) P &
in cav

2. Materials and Methods
2.1. Participants

As the study uses new methods (think-aloud protocols of planning processes) and
explores a new lesson planning setting (material-based planning), it is highly exploratory
in nature. Accordingly, as recommended by Patton [74]), a small sample (N = 13 PSTs;
seven female, six male; ages ranging from 24 to 37 years, M = 26.7) was used to conduct
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in-depth analyses and to explore the suitability of the new research method and the inno-
vative lesson planning setting. This study was conducted in the context of an academic
course for secondary preservice biology teachers at a German university. All of the par-
ticipants had completed their bachelor's degrees and were about to start studying for their
master's degrees in secondary education. In bachelor's degree programs in Germany, two
subjects and the associated educational science as well as general educational science are
studied [75]. Therefore, PSTs participating in this study were assumed to have basic con-
tent knowledge in biology due to required university courses in human biology, cytology,
zoology and botany, as well as in biology education, including, e.g., the concept of in-
quiry-based learning or student preconceptions. In addition, the participants were famil-
iar with generic models for general lesson planning (e.g., [76]) and completed a four-week
internship at a secondary school, planning and conducting at least one lesson using these
generic models. Only one participant had planned a lesson that was thematically similar
to that used in this survey as part of an internship. The participants were randomly as-
signed to two different topic groups (photosynthesis: n = 6; digestion: n =7, see Table 2).

Table 2. Overview of the participants.

Participant Age Sex Experience in Planning the Topic Duration of
In Internship At University Lesson Planning
Topic group D: Unit: Digestion; Lesson topic: Degradation of starch to sugar by amylase; 7!—8th
grade
D1 27 Male No No 39 min
D2 25 Female No No 37 min
D3 27 Female No No 35 min
D4 26 Male No No 50 min
D5 24 Male No No 29 min
D6 25 Female No No 25 min
D7 23 Female No No 28 min
Topic group P: Unit: Photosynthesis; Lesson topic: Light dependency in photosynthesis; 7"-8th
grad
P1 29 Male No No 23 min
P2 30 Male Yes No 55 min
P3 28 Female No No 26 min
P4 24 Male No No 35 min
P5 25 Female No No 41 min
P6 37 Female No No 41 min

2.2. Intervention

Based on the theoretical background, individual material-based planning without a
predetermined use of planning models or guides was chosen as the planning setting to
ensure authenticity and efficient material sourcing and to enable the integration of visible
and deep structures instead of planning rules. In this setting, the PSTs created plans for
two different topics: (topic group D) digestion, the degradation of starch to sugar by am-
ylase, and (topic group P) photosynthesis, light dependency in photosynthesis. Both top-
ics are included in the German science curriculum [64] and are suitable for inquiry-based
teaching, but each topic has different characteristics (see Table 1).

The intervention was divided into a preliminary phase and two intervention phases
to structure the planning task (see Figure 3).
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Figure 3. Intervention structure and planning tasks in material-based planning.

In the first part of the introduction phase (Introduction, see Figure 3), the first author
introduced the PSTs to the think-aloud method and the planning tasks. The PSTs received
information regarding the lesson topic as well as information pertaining to the grade level
(7th-8th) and school type (secondary) for which they were required to plan. During sub-
sequent phases, the PSTs were separated into rooms to work on the planning tasks indi-
vidually. The time spent during these phases was not restricted, but time frames were
recommended (see Figure 3). First, the PSTs practiced the think-aloud method in accord-
ance with Sandmann [77]. After the intervention phase, the PSTs located the lesson to be
planned as part of a teaching unit (D: Digestion, P: Photosynthesis). For this purpose, the
PSTs were provided with a list of possible content (e.g., for the topic of digestion, the
function of enzymes and the structure and function of the stomach). The PSTs chose which
content to teach before and after the lesson to be planned. Therefore, the PSTs received
information regarding students’ prior content knowledge related to digestion or photo-
synthesis. On this basis, the PSTs planned a lesson to address the topic in question (D: The
degradation of starch to sugar by amylase; P: Light dependency in photosynthesis). Les-
son planning tasks were based on fixed, preselected sets including eleven to twelve mate-
rials each. The sets of materials were topic specific and included photos, text, diagrams,
models and experiments taken from textbooks or the internet (for example, see Figure 4).

Saliva with starch

-
(9 ) breakdown agent '
Starch Degradation Self-Experiment » < ’

- - eoe

Procedure: Students chew crispbread . - -
over a period of at least 2 minutes and - A Y r 4 - <
pay attention to changes in taste. ‘ A Y
Observation: The chewed crispbread . \

(I becomes sweet. ‘ S e

J J

Material 1: Starch degredation self-experiment Material 2: Model of starch degradation without enzyme

Figure 4. Examples from the material set for lesson planning on the topic of the degradation of starch
to sugar via amylase (translated from German).

The materials should cover a wide range of possible instructional strategies and rep-
resentations for inquiry-based learning (according to Magnusson et al, [59]), as
knowledge of instructional strategies and representations is crucial for planning [59,78].
For this reason, instructional strategies and representations were varied in the materials.
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Accordingly, the following criteria were used to select the materials (see [10]): (a) suitabil-
ity for inquiry-based instruction (e.g., phenomena, experiments, data tables), (b) varying
degrees of abstraction in the representations (e.g., texts vs. photos) and (c) varying types
of instructional strategies (e.g., guided inquiry vs. open inquiry [13]). The material base
was selected by the first author and discussed with three scientists and two teachers re-
garding the fulfilment of the criteria. Subsequently, the material was supplemented and
discussed again. In a pilot study with three master's students, it was checked whether the
students found the material suitable for planning the given topic or whether material was
missing. Requested material was added. The new material was discussed again with three
scientists.

The PSTs were able to choose as many materials as they wanted for their planning
and were supposed to document the lesson in a flow chart (describing learning steps and
including their chosen material). To ensure comparability within a topic group, PSTs in
the same topic group received identical material sets. No additional material taken from
the internet or textbooks was allowed.

2.3. Data Sources

The PSTs performed the planning task using the think-aloud method. Therefore, the
data source for this study was a set of nine audio-recorded think-aloud protocols docu-
menting the PSTs’ lesson planning processes (see Figure 3, Intervention phase: Planning
of a lesson). The average length of lesson planning during the 3rd phase was close to the
recommended 30 min (M = 35.7 min; see Table 2). Another data source was the flow charts
for the lesson plans. The flowcharts were not analysed separately, but were used when
materials were not clearly named in the think-aloud protocols.

2.4. Data Analysis

A mixed-methods approach was used to explore the PSTs’ (topic-specific) planning
activities in the context of material-based planning. Their planning activities were ana-
lysed via qualitative content analysis in accordance with Kuckartz [79]. Kuckartz de-
scribes the creation and use of deductive-inductive code systems. The steps recommended
by Kuckartz have been followed and are explained below. First, a deductive-inductive
code system for planning dimensions (see Table 3) and the core dimensions of visible and
deep structures (see Table A1) was designed in an iterative process by the first author. The
subcodes for the core dimensions were identified inductively in the think-aloud protocols
and assigned to the visible and deep structures according to Kleickmann et al. [80]. Kleick-
mann et al. identified cognitive support, cognitive activation and motivational support,
among others, as deep structures. Codes were defined in a coding manual [according to
84]. The coding manual was discussed and optimised by the working group several times
throughout its application. All of the data were coded completely by the first author and
partially (10%) by a second coder using MAXQDA™ 2022 analysis software (VERBI Soft-
ware, 2019). Disagreements were discussed. The percentage of coded planning dimen-
sions was compared. The average agreement was 79%.

To answer the three research questions, different qualitative and quantitative analy-
sis strategies were combined. Codes for planning dimensions and subcodes for the core
dimensions of visible and deep structures were quantified according to Kuckartz [79] us-
ing MAXQDA™, and the topics of digestion and photosynthesis were compared (RQ1).
The ratios of visible to deep structures were determined for each PST (RQ2). Based on
these ratios, different cases were selected for the qualitative analysis of their planning pro-
cesses to identify both idiosyncratic and topic-specific planning difficulties (RQ3). The se-
lection of relevant cases was based on the comparison-focused sampling method devel-
oped by Patton [74].
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Table 3. Core and secondary planning dimensions in the planning process of PSTs in the context of
material-based planning.

Dimension Description Example

Core planning dimen-
sions

Secondary planning
dimensions

Visible structures

Deep structures  dents/the potential of the material to ac-

Topic structure

Material sourcing

Authenticity

Planning rules

Thinking about concrete activities, tasks, s . ”
. First, students do a self-experiment”.
media, etc.

Thinking about the cognitions of stu- .
& & “[...] because it enables students to under-

. .. stand that saliva contains certain enzymes”.
tivate cognition

“A crispbread is pounded in a mortar and wa-
Thinking about the material or content ter is added [...] another sample is soaked in
from a topic perspective saliva. Both samples are checked for sugar
content with Fehling’s reagent”.
Thinking about the acquisition of mate- “[...] if you are looking for other materials,

rial that might be good, too”
Thinking about the authenticity of the [no coding found]
task
“ ? .
Planning tasks Thinking about performing the task What was the task? [...] Well, present the les

son steps [...]".
Thinking about the organization/struc- “I'm just thinking about what I'm going to use

ture of the planning process as a starter”
Thinking about one’s ability to accom- “Okay, I have a bit of a mess in my head. I'm
Overload . . . "
plish the task kind of blocked right now

2.4.1. The Analysis of the Planning Dimensions (RQ1)

First, the think-aloud protocols for lesson planning processes were transcribed. Dia-
lects, repeated words and filler sounds were corrected. In these protocols, sections that
could be assigned to the planning dimensions found in the literature were identified; vis-
ible structures, deep structures [29] and the topic structure [10] were identified as deep
structures; and planning rules, material sourcing and authenticity were identified as sec-
ondary dimensions [9]. The category planning rules was inductively subdivided into
planning tasks and planning rules (see Table 3). The category cognitive overload was
added inductively.

To analyse the use of visible and deep structures, all of the sections assigned to one
dimension were summarised and examined to produce further categories, resulting in six
categories for visible structures and five categories for deep structures (see Appendix A
Table Al). To examine the specific characteristics of topics referring to inquiry-based
learning categories, both student activities and cognitive learning goals were divided into
the subcategories of inquiry-based aspects and non-inquiry-based aspects. In addition, the
categories pertaining to students’ prior knowledge were divided into the subcategories of
certain use and uncertain use since engaging with students” prior knowledge permits ad-
ditional evaluation of the suitability of the planning setting.

All of the collected sections of a dimension were coded accordingly and subsequently
quantified. Categories that occurred rarely (<10% of the total codes for one dimension)
were subsumed into the categories of other visible structures or other deep structures. The
frequencies of dimension use for topic groups D and P were compared.

2.4.2. The Analysis of the Ratio of Visible to Deep Structures (RQ2)

To identify additional topic-specific differences in the use of planning dimensions,
the ratio of visible to deep structures with respect to the total number of planning dimen-
sions addressed (not including secondary dimensions) was determined for each PST sep-
arately. The question of whether students within a topic group employed a similar ratio
of visible to deep structures or whether the ratios were idiosyncratic was investigated.
Based on the data, different ratios of visible to deep structures were distinguished. Cases
with a ratio of visible to deep structures that was greater than 2:1 were identified as the
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visible dominant group, while cases with a ratio that was lower than 1:2 were categorised
as the deep dominant group, and those with a ratio between 2:1 and 1:2 were recorded as
the balanced group.

2.4.3. The Analysis of Difficulties in Planning (RQ3)

Based on these quantitative results, cases with different ratios of visible to deep struc-
tures were identified. Two extreme cases (“outlier sampling”; see [74] (p. 405): visible
dominant or deep dominant) and two balanced cases in different topic groups (“homog-
enous sampling”; see [74] (p. 406) a balanced ratio of visible to deep structures) were cho-
sen for the qualitative case study. First, selection was made following the outlier sampling
in accordance with Patton [80] because “cases on the tails of a distribution [...] can reveal
a great deal about intense manifestation of the phenomenon of interest” [74] (p. 405). Sec-
ond, in the homogeneous sampling, cases were selected “that [we]re very similar to study
the characteristics they ha[d] in common” [74] (p. 406).

Difficulties in planning were analysed qualitatively. Therefore, which characteristics
the PSTs demonstrated in matching visible and deep structures and designing a sequence
of lesson steps to facilitate learning progression was investigated. These characteristics are
highlighted with example quotations.

3. Findings
3.1. The Use of Planning Dimensions (RQ1)

A total of 1407 sections were coded: 83% of these codes were employed for core di-
mensions, and 17% were used for secondary dimensions. There were 790 codes for topic
group D (82.5% core dimensions, 17.5% secondary dimensions) and 617 for topic group P
(82.7% core dimensions, 17.3% secondary dimensions). Detailed analysis of the planning
dimensions showed that visible structures were used most frequently for both topics (D =
37.5%, P =36.8%), followed by deep structures (D = 30.1%, P =27.7%) and the topic struc-
ture (D = 14.9%, P = 18.1%). The distribution of codes across the three core dimensions was
similar for both topics. For the secondary dimensions, planning rules were used most fre-
quently (D = 9%, P = 8%), while authenticity and material sourcing were almost non-ex-
istent (Figure 5).
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Figure 5. Relative frequency of codes for the core dimensions and the secondary dimensions.
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Analysis of the visible and deep structures showed that student actions (39% of visi-
ble structures) and cognitive learning goals (40% of deep structures) were the dominant
aspects that the PSTs considered with respect to these core dimensions. Other subcatego-
ries were addressed between 10% and 20% each (see Figure 6).

Comparing topic groups revealed that student actions were dominant in both topic
groups, but the proportion of student actions among all of the visible structure codes in
the topic group was larger for topic group D (D =46%, P = 28%). The categories of method
and media and time management had a larger proportion in topic group P (each subcate-
gory accounted for more than 20% of the total) than in topic group D (each subcategory
accounted for less than 20% of the total).

With respect to deep structures, cognitive learning goals occurred most frequently
(D =47%, P =29%), with a larger proportion for topic group D. In contrast, the proportion
of the categories of potential for interpretation (P = 12%, D = 5%), student preconditions
(P=9%, D =5%) and student prior content knowledge was the same for both topic groups
(D =21%, P =20%) (see Figure 6).
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Figure 6. Use of visible and deep structure aspects in lesson planning according to topic
group.

3.1.1. Student Actions and Cognitive Learning Goals

Both the subcategories of cognitive learning goals (a deep structure) and student ac-
tions (a visible structure) could be divided into inquiry-based and non-inquiry-based
groups (see Table Al). For both subcategories, in total, more than half of the mentions
were inquiry based (see Figure 7). The analysis of all the cognitive learning goals and stu-
dent actions within a topic group showed that a much larger proportion of inquiry-based
actions and learning goals was shown by topic group D (see Figure 7).
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Inquiry-based learning goals

Inquiry-based action

i
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Figure 7. Proportions of the subcategories Student Actions and Cognitive Learning Goals that were
inquiry-based.

3.1.2 Student Preconditions and Prior Content Knowledge

The deep structure subcategories of student prior knowledge and student subject
knowledge could be divided into groups with uncertain vs. certain use (see Table Al).
Both subcategories were dominated by the certain use group; only 23% of students’ prior
content knowledge and 29% of preconditions would not certainly be used (see Figure 8).
For both student prior content knowledge and students’ preconditions marginal differ-
ences between the topic groups were detected.

Uncertain content knowledge

Uncertain preconditions

0% 5% 10% 15% 20% 25% 30% 35%

Total ® Digestion % Photosynthesis

Figure 8. Proportions of the subcategories of Preconditions and Content Knowledge that were un-
certain.

3.2. The Ratio of Visible to Deep Structures (RQ2)

To analyse topic-specific characteristics in the use of planning dimensions, the per-
centages of visible and deep structures were determined for each PST. Figure 9 illustrates
the use of planning dimensions for each PST, comparing topic groups P (squares) and D
(triangles). Cases from topic group P exhibit great diversity, ranging from a high ratio (P1)
to a low ratio (P2 and P3) of visible structures, while all the other cases in topic group D
and those from group P demonstrate a more balanced ratio of visible to deep structures.



Educ. Sci. 2024, 14, 42

14 of 25

60%

50%

40%

(98]
=
X

Deep Structure

20%

10%

0%
09 10% 20% 30% 40% 50% 60% 70% 80%

Visible Structure

Figure 9. Idiosyncratic use of deep and visible structures. Note: The horizontal axis shows the per-
centage of visible structures in relation to the total number of codes. The vertical axis shows the
percentage of deep structures in relation to the total number of codes (planning subject: D = diges-
tion; P = photosynthesis). I cases above the straight line (2:1) = imbalanced, deep dominant; II cases
between the straight lines (2:1) and (1:2) = balanced; III cases below the straight line (1:2) = imbal-
anced, visible dominant.

3.3. Difficulties in Planning (RQ3)

To analyse difficulties, contrasting cases were selected based on differences in code
frequency (see Figure 9). Extreme cases were found in topic group P, while balanced cases
existed in both topic groups. Therefore, two extreme cases from topic group P and two
balanced cases, one from each topic group, were chosen:

(1) A high proportion of visible structures in relation to deep structures (P2 as a

representative case)

(2) Alow proportion of visible structures in relation to deep structures (P1 as a rep-

resentative case)

(3) A balanced ratio of visible structures to deep structures (P4 and D4 as repre-

sentative cases with similar mean visible-deep balances but different topics)

3.3.1. The High Proportion of Visible Structures in Relation to Deep Structures-P2

After reviewing the material, P2 focused on a cognitive goal: “The students recognise
that photosynthesis varies depending on the amount of light. A lot of light equals a lot of photosyn-
thesis” [deep structure—cognitive learning goal]. However, the subsequent visible struc-
tures used during the planning activities were not related to this goal but focused on the
selection of a method in the form of requiring students to work at stations. This step was
followed by the selection of materials for student activities at these stations. Criteria for
the selection of materials refer to the dimension of visible structures, such as in the fol-
lowing examples: “If I have four groups, then a film could actually be quite good” [visible struc-
ture—method and media], “I won't use this, although it would be nice for 90 minutes” [visible
structures —time] and “Maybe I'll do this experiment. The only question is whether it will work”
[visible structure—other visible structure/practicability]. A more detailed analysis of the
cognitive learning goals to be achieved at the stations or even the learning path to be com-
pleted was not conducted.
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3.3.2. The Low Proportion of Visible Structures in Relation to Deep Structures—P1

P1 analysed the material repetitively according to deep structure criteria: “I don’t
think the experiment is suitable for an introduction because you have to know how fire works”
[deep structure—students’ prior content knowledge], “I would not give a complicated intro-
duction” [deep structure — other deep structure/complexity] and “In this picture, students
can see directly that light is important. Plants grow in front of the cave—not in the cave” [deep
structure — potential of material for interpretation]. Furthermore, P1 planned lesson steps
with respect to the dimension of deep structures. He planned a learning path that related
cognitive learning goals to each other. Then, he looked for suitable materials that the stu-
dents could use to follow these steps: “Now, the next step would be to find out why the plants
need light. Therefore, I have to look at the materials again” [deep structure —cognitive learning
goal]. However, P1 had difficulty specifying the selection and implementation of materi-
als. As he noted, “To be honest, I'm a bit unsure and unfortunately not well versed enough in the
subject to be able to arque well concerning how to fill the main part of the lesson. But I'll just leave
it out because many materials can be used here” [overload].

3.3.3. The Balanced Ratio of Visible Structures to Deep Structures (D4, P4)

After a short material review, P4 selected materials according to both visible and
deep structure criteria: “I'd like to start with something nice and fun” [deep structure—other
deep structures/motivation], “I wouldn't like to show a film; I'd rather have the students do
something themselves” [visible structure —other visible structure/involvement] and “The ex-
periment could probably be done, but I don’t know if the concentration would be high enough”
[visible structure —other visible structure/practicability]. In contrast, at the beginning, D4
mainly used deep structure criteria for material selection: “Of course, you could show the
diagram at the beginning of the lesson, but this is too complicated for the eighth graders” [deep
structure—other deep structure/complexity], “I'm wondering if the material is useful for this
purpose because it's very detailed and that only confuses the kids” [deep structure —other deep
structure/transparency], and “Probably they haven't heard of enzymes, so I would just go ahead
with an experiment” [deep structure—students’ prior content knowledge].

When both P4 and D4 planned how to implement the material, they reviewed what
students might learn during this step. P4: “Then they conduct the experiment and see that
something is produced. So, students understand that it has something to do with light” [deep
structure —cognitive learning goal]. D4: “So, I'm sure I'll start with the self-experiment, [...]
then we have the phenomenon and the students realise that we are eating something and it becomes
sweet” [deep structure—cognitive learning goal].

However, both P4 and D4 failed to sequence visible structures to achieve a purpose-
ful deep structure (i.e., learning progression). Instead, visible structures were arranged
additively, and the corresponding deep structures were derived.

In addition to these planning problems, in both cases, successful phases featured the
participants sequencing cognitive learning goals first and thinking about a non-inquiry-
based visible structure that could be used to achieve those goals afterwards: P4: “After
students see that there are more bubbles in light, students should understand that light is important
for plants [...] [deep structure—cognitive learning goal]. Maybe students can watch a movie [vis-
ible structure—students’ actions/noninquiry-based]; then they will understand that light is vital
for plants and that nothing works without light” [deep structure —cognitive learning goal].

D4: “The logical question is, then, what is in the saliva that breaks it down? You
should lead the children to answer that question [deep structure —cognitive learning goal]
[...]Iwould actually say to the children: ‘so, it’s not the mineral salts’” [visible structure—
teachers’ actions/non-inquiry-based].

P4 and D4 planned visible structures and analysed related deep structures, but each
had difficulty linking activities to establish a learning path. On the other hand, when P4
and D4 identified a goal as part of a learning path, they failed to create student-activating,
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inquiry-based visible structures. D4 confirmed the second problem via a reflexive state-
ment: “[...] I can’t think of anything great concerning how the students can examine the question
themselves. I'm sure there’s a better way” [overload].

4. Discussion

The paper reports on PSTs’ use of both core and secondary planning dimensions in
topic-specific material-based planning. The findings confirm the potential of material-
based planning to activate thinking in core planning dimensions and provide initial in-
sights into the differences in the suitability of the topics of photosynthesis and digestion
for promoting planning skills in teacher education. First, PSTs’ use of core and secondary
planning dimensions in material-based planning are discussed; second, PSTs’ topic-non-
specific difficulties with using core dimensions (e.g., in designing the sequence of lesson
steps) are highlighted; and third, topic-specific differences are emphasised.

Comparisons of material-based planning with other planning settings based on re-
sults from other studies (e.g., curriculum planning, refs [8,45,46] or open planning settings
without materials [32]) are limited as the research designs differ. Nevertheless, the explor-
atory approach may be helpful in identifying initial trends in the use of planning dimen-
sions in material-based planning that may point the way for future research.

4.1. The Use of Planning Dimensions in Material-Based Planning

The findings show that material-based planning as a planning setting encourages
teachers to plan with substantial reference to the core dimensions of visible structures,
deep structures and the topic structure and not to limit themselves to just one dimension
(e.g., visible structures) (see Figure 5). Little use was made of the secondary dimensions,
confirming the suitability of this planning arrangement for PSTs. On average, both visible
and deep structures were considered in similar proportions, albeit with a slight prepon-
derance of visible structures (see Figure 5). On the one hand, this result tends to confirm
the claims in the literature that PSTs tend to plan with respect to visible structures, espe-
cially student activities [15,24,31], but on the other hand, it also shows the potential of
material-based planning to activate thinking regarding deep structures, especially cogni-
tive learning goals. The need to choose between different materials seems to stimulate in-
depth analysis or consideration of the possible cognitive goals to be achieved with the
materials (see Figure 6) [10]. This can be interpreted as a potential advantage of material-
based planning over curriculum planning e.g., [8,45,46]. Curriculum planning does not
require the comparison of materials or instructional representations, but adaptation of an
existing plan. Davis [46] reports that PST hardly think about instructional representations
when adapting curriculum material and neglect deep structures. Our results show that
material-based planning activates this thinking about instructional representations in the
core dimension of deep structure. This advantage should be verified in future research by
comparing the planning settings in an experimental design.

Furthermore, the extensive use of the topic structure dimension (see Figure 5) can
also be interpreted as an influencing factor that initiates or enables planning consideration
related to deep structures, as content knowledge, and particularly a deeper understanding
thereof, is an essential prerequisite for planning [27,32,42,57]. The literature shows that
PSTs often lack content knowledge [67,81]. Especially in an open setting of lesson plan-
ning without books or other materials (lesson preparation method) Kapyla et al. [32] de-
scribe that a lack of content knowledge is a problem in lesson planning for PSTs. There-
fore, one possible interpretation of the frequent use of topic structure is that by analysing
materials that vary in their level of abstraction and instructional degree (e.g., diagrams
and texts), PSTs might deepen their own content knowledge during planning [10] in order
to cope with the perceived lack of content knowledge. However, it is also possible that the
PSTs have sufficient content knowledge and internalise the content in the dimension of
topic structure. Thus, the selected material supports the claim that “novices [...] first in-
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ternalised the content or learned the material and prioritised important information them-
selves” [52] (p. 63). This potential of MBP to create a basis of content knowledge has to be
discussed critically with regard to the phase of teacher professionalization. While preserv-
ice teachers may profit from this because of their lack of knowledge with regard to school
topics, this potential may disappear in later phases of teacher education.

Regarding secondary dimensions in particular, authenticity and, of course, material
sourcing were rarely mentioned by the PSTs (see Figure 5), although these factors are of-
ten described as challenges or limitations in teacher education [9]. Therefore, material
planning is a promising approach that both activates relevant planning dimensions and
avoids central difficulties that are common in PSTs’ planning processes. The lack of pre-
selected materials often leads to unproductive material sourcing due to a lack of criteria
to analyse the available sources [12]. Sawyer and Myers [12] show that in an open planning
setting that includes searching for materials on the internet, materials are selected accord-
ing to the popularity of the website. Similarly, Ulusoy and Incikabi [82] show that mathe-
matics PSTs prefer ready-to-use materials from the internet or textbooks and make hardly
any adaptations to these materials. In contrast, preselected materials might offer a fruitful
basis for planning by preventing disorientation and loss of motivation due to unlimited
options for material sourcing, which can be unproductive and unsettling. Nevertheless,
as above this potential must be differentiated with regard to the phase of teacher profes-
sionalization, as the relief of the material search is not sufficient, for example, for the first
steps in lesson planning. In connection with the above-mentioned limitations, a middle
phase of professionalization seems to be particularly suitable for this approach.

Regarding the secondary dimension of authenticity, its complete absence in the data
confirms the assumption that planning for hypothetical students seems more authentic
than planning for one’s fellow students. In contrast, when planning for one’s fellow stu-
dents in the context of microteaching, authenticity is present [9].

Another aspect that can evoke inauthenticity is a lack of information regarding stu-
dent preconditions [42]. Although no further information concerning the students was
given in this study, only a small number of planning aspects or codes, such as prior con-
tent knowledge and student preconditions, were described by the PSTs as uncertain (see
Figure 8). This low occurrence of uncertainty might be due to the previous planning for
the unit from which the students’ prior content could be drawn [9], while information
pertaining to student preconditions might have originated from the PSTs’ general
knowledge regarding students in a given grade. The remaining uncertainty might have
resulted from a lack of experience [83] or a lack of contextualisation, i.e., information con-
cerning the learning group. The PSTs in this study planned “for teaching a particular topic
in a particular way for a particular purpose [...] for enhanced student outcomes” [57] (p.
36), but they did not plan for “particular students” as an authentic planning situation
would require. Since PSTs’ lack of experience is an immutable condition [83], there might
be demand for broader contextualisation. However, broader contextualisation might lead
to cognitive overload, as such extensive information requires additional linkages with re-
spect to planning decisions. The more information that needs to be processed during plan-
ning, the greater the risk that teachers will be overwhelmed [38]. Therefore, one interpre-
tation might be that material-based planning in university courses, not despite a lack of
contextualisation but because of a minimisation of contextualisation in combination with
appropriate materials, offers a promising opportunity to stimulate and examine PSTs'
planning skills in sequencing and integrating visible and deep learning structures.

4.2. PSTs’ Difficulties with Using Visible and Deep Structures

Despite the potential of material-based planning to stimulate thinking with respect
to the core dimensions, difficulties in planning have been confirmed and broadly ad-
dressed in the literature [7,15,22,24,30-32,40]. Nevertheless, individual analysis of the use
of visible and deep structures shows that there are more balanced than imbalanced cases
(11:3, see Figure 9). Particularly grave problems can be seen in the imbalanced cases, e.g.,
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the exclusive planning of visible structures that have no connection to the learning goals
of the lesson (P2) or the exclusive consideration of deep structures without the develop-
ment of a lesson plan (P1). However, even in balanced cases, difficulties could be identi-
fied. Consequently, the balanced use of deep and visible structures can be used as a rough
analysis criterion but requires more in-depth analyses to enable reliable quality state-
ments. Thus, all PSTs had difficulty sequencing visible structures purposefully to achieve
learning progression (e.g., [30]) and creating student-activating, inquiry-based visible
structures in relation to deep structures [64,67]. These difficulties first became apparent in
the lack of any integration of core dimensions, and they remained noticeable in situations
featuring the secondary dimension of “overload”. One reason for these difficulties might
be a lack of content knowledge [32]. In line with that possibility, P1 noted that he did not
know the topic of photosynthesis well enough to be able to select material. The “problem
of insufficient CK” was also reported in a study on the influence of content knowledge on
pedagogical content knowledge in the context of teaching photosynthesis conducted by
Képyla et al. [32] (p. 1406). Another reason for these difficulties might be PSTs” lack of
experience processing relevant information for lesson planning [83]. These difficulties due
to a lack of knowledge and strategies might lead to a focus on simpler, more generic de-
cisions and an avoidance of complex, in-depth analysis for making subject-specific deci-
sions [1]. Such a focus on generic decisions, in turn, might lead to difficulties in sequencing
learning steps to achieve learning progression, as in-depth analysis of subject-specific de-
cisions is a prerequisite for such a task.

Other authors attribute the failure to plan challenging cognitive inquiry-based activ-
ities to a lack of knowledge regarding inquiry-based teaching or the nature of science [60].
Likewise, PSTs’ orientations and beliefs with respect to the nature of science or student
learning (e.g., transmissive orientations or conflation of hands-on activities and inquiry-
based learning) could lead to less student-activating lesson plans [56,84]. Both could also
be possible reasons for the failure to include cognitively activating inquiry-based activities
in lesson planning in this study.

In summary, material-based planning activates thinking with respect to core plan-
ning dimensions, but even with the balanced use of visible and deep structures,
longstanding difficulties persist for PSTs. This suggests that the planning of inquiry-based
learning needs to be supported by specific planning strategies in addition to appropriate
learning materials.

4.3. Topic-Specific Characteristics in Material-Based Planning

Overall, the proportions of both visible and deep structures and that of the topic
structure were similar for the digestion and photosynthesis groups (see Figure 5). How-
ever, taking this proportion into account for each PST, differences in the range of ratios
found between the topic groups begin to emerge. For topic group D, the ratio of visible to
deep structures was rather balanced for all of the participants. In topic group P, this ratio
was balanced only for one PST (see Figure 9). Other participants in topic group P showed
imbalanced use of visible and deep structures, which indicates that they experienced dif-
ficulties in planning for the topic of photosynthesis. Additionally, the analysis of certain
aspects of visible structures shows that considering methods and media as well as time
management accounts for a larger proportion of planning for photosynthesis than plan-
ning for the topic of digestion (see Figure 6). This also indicates the higher complexity of
the topic of photosynthesis, as favouring generic planning decisions could be a strategy
to avoid complex, topic-specific decisions [1]. This possibility is confirmed by the findings
that less subject-specific, inquiry-based actions/goals were planned for photosynthesis
than for digestion and that less certain preconditions were coded for topic group P than
for topic group D (see Figure 8). Focusing on the uncertainty of knowledge might also be
a strategy to avoid complex planning decisions. The excuse that could be used is as fol-
lows: If I don’t know students’ specific preconditions, I cannot plan. Thus, some of the problems
described could also result from difficulties inherent in the topic of photosynthesis, which
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are thus independent of PSTs’ prior states. Similarly, Forbes and Davis [85] and Forbes
[84] demonstrated that there are “curriculum-dependent and curriculum-independent
factors” that influence PSTs’ planning of inquiry-based lessons.

One topic-dependent difference might be that designing inquiry-based phases for the
topic of the light dependency of photosynthesis is more complex than designing inquiry-
based phases for the topic of the degradation of starch to sugar by amylase. In preparing
for each phase, complex scientific decisions must be made [49]. For the first lesson phase,
a phenomenon must be selected [49]. While there are several phenomena that are relevant
to the light dependency of photosynthesis (e.g., phototropism or vegetation in caves, see
Table 1), there is obviously one most significant phenomenon in the degradation of starch
to sugar by amylase (bread becomes sweet if you chew on it for a long time, see Table 1).
Additionally, several elementary decisions must be made to choose experiments (see Ta-
ble 1), including the following examples: Should photosynthesis-activity be measured by
oxygen production or by starch production? Should photosynthesis be measured quanti-
tatively or qualitatively? [71]. Therefore, the topic of photosynthesis seems to be more de-
manding, while in the case of planning for the topic of the degradation of starch to sugar
by amylase, the decisions that must be made are less complex.

Another topic-dependent difference is that the topic of digestion is closer to students’
lives [68,69]; see Table 1), thereby facilitating the planning of a learning path accessible to
learners. Furthermore, the main concept of an interaction between structure and function
(digestion) might be easier to grasp than the concept of energy (photosynthesis) [72].
Therefore, it is possible that PSTs were overwhelmed in planning for the topic of photo-
synthesis and therefore less confident, which might result in a focus on visible structures,
difficulty with considering deep structures or a focus on less student-activating, non-in-
quiry-based actions [30,64].

Thus, it can be assumed that, in addition to idiosyncratic prerequisites [85,86] and
the suitability of material [84], the choice of lesson topic has consequences for the potential
of developing tasks when planning inquiry-based science lessons and is therefore a key
area in the ability to optimise planning tasks.

4.4. The Limitations of the Study

The present study is an explorative study testing a rarely used but often requested
method (think-aloud protocols for capturing planning processes) and a newly developed
planning setting (material-based planning). The explorative nature of the study led to the
decision to take a small sample of n = 13 PSTs and analyse the data in depth using a com-
plex coding procedure and additional case analyses. In this way, detailed insights can be
gained into the suitability of the method for capturing planning processes and the suita-
bility of the planning setting for activating PSTs’ thinking in core planning dimensions.
The following limitations, therefore, are primarily suggestions for future research designs
that can build on the findings of this study.

First, there were limitations that resulted from the intervention design. Each PST
planned only one lesson on only one topic, so it cannot be conclusively proven whether
differences in the use of planning dimensions are idiosyncratic or topic specific. To inves-
tigate this question, each PST would have to plan both topics to compare individual plan-
ning skills on different topics. This exercise was not carried out in this study because plan-
ning is a complex and strenuous process, especially for inexperienced teachers. Therefore,
planning two topics in rapid succession might be overwhelming, and planning the second
topic at a later time could include effects from the master’s seminar in which the planning
task was integrated. Second, this study compared only two topics and included a small
number of participants (N=13) due to the explorative character. A greater number of par-
ticipants and comparison with other topics would be desirable for future research. Third,
there is no comparison between material-based planning and planning without materials.
An experimental design could clarify whether the potential is inherent to the topics of
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photosynthesis and digestion or related to the material base. This is a promising approach
for future research to support the findings presented in this study.

Nevertheless, the careful selection of the inquiry-based topics of digestion and pho-
tosynthesis and the combination of quantitative and qualitative case analysis offer insight
into PSTs’ topic-specific planning skills. As such, conclusions can be drawn regarding the
potential of both material-based planning and different topics for promoting planning
skills in teacher education.

5. Conclusions and Implications for Teacher Education

Material-based planning is promising for PSTs, with the potential to initiate pro-
cesses that substantially focus on core planning dimensions (the integration of both visible
and deep structures and the topic structure). Thus, it can be assumed that material-based
planning has an advantage over more open planning settings or the adaptation of curric-
ulum material, in which students often focus on visual structures and neglect the analysis
of instructional representations at the level of deep structures. These advantages must be
tested in future experimental designs and analysed with regard to different phases of
teacher education. In addition, the results of the study confirm students' difficulties in
creating cognitively activating lesson plans by linking visible and deep structures. Given
the lack of integrated deep structures and visible structures a further recommendation is
to foster planning strategies such as integrating visible and deep structures more inten-
sively in teacher education in terms of procedural knowledge about planning, as these
central planning strategies cannot simply be developed through observation in intern-
ships. Therefore, strategies that are realised by experts need to be made explicit for PSTs,
i.e,, through cognitive modelling [87].

Further potential can be seen in the contextualisation of lesson planning. Although
this study lacks contextualisation in a particular school or particular class with particular
students, the setting approximates an exemplary planning situation for teachers and can
be employed independent of hands-on training in theoretical academic courses. The lack
of contextualisation might even be beneficial for this process. Therefore, one recommen-
dation in university teacher training is to plan for learning groups without precise infor-
mation about individual students in order to reduce complexity. However, this advantage
should be tested in an experimental design in future research.

Furthermore, in this study the frequent use of the topic structure dimension high-
lights the need for students to deepen their understanding of the topic, confirming the
common experience that planning processes in teacher education often fail due to a lack
of CK [32,67]. Regardless of the planning setting, it could be recommended for teacher
education that CK is deepened as part of the planning task. Janssen et al. [88], who develop
topic-specific scaffolds for deepening CK in lesson planning, also recommend this.

Finally, this study suggests that the choice of topic is important for promoting plan-
ning skills. Not only are personal content knowledge and topic-specific pedagogical con-
tent knowledge critical, but so is the complexity of the topic. In this study, it is shown that
PSTs have fewer difficulties with planning for the topic of starch degradation by amylase
than with planning for the topic of light dependency in photosynthesis. This selection of
suitable topics for planning tasks in teacher education is obviously important in general,
but it is particularly relevant to the goal of supporting the planning of inquiry-based les-
sons. However, these insights into the topic-specificity of lesson planning gained in this
exploratory study should be investigated in more detail in future research.
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Appendix A

Table A1. Categories of the core dimensions of visible and deep structures in the planning processes
of PSTs in the context of material-based planning.

Categories Description Example
. Thinking about time management, e.g., how “Then, spend 5 min writing down the mne-
Time management . s
long it takes students to read a text monic”.
Thinking about methods and media, e.g, “First, they do an experiment with partner
Method and media whether students should work alone or in - ey W(i‘k" P
groups '

Students’ actions

“Students mention hypotheses concerning

why chewed crispbread becomes sweet”.
“Then, students conduct an experiment

[..]"

“ After that, the students read the text”
“At the end, I would have the students fill
in a cloze exercise”.

Actions in an inquiry-based learning setting
Inquiry-based such as developing a hypothesis or conduct-
Visible struc- ing and evaluating experiments

ture aspects . . . . .
P Actions in a non-inquiry-based learning set-

ting such as writing down sentences to be

Non-inquiry-based
quiy memorised, reading texts, or watching films

Thinking about what the teacher should do in

Teachers’ actions
class

“Then, I explain the model to the students”

Thinking about other visible structures, e.g.,

Other visible structures “And that is somehow set up next door in

practicability, involvement, or teacher-student W
an extra room”.

interaction

Cognitive learning goal

“If you do this experiment, students can

find out that [the change in taste of the
chewed crispbread] must be due to saliva,

[...]

This text is about specificity. And what

we're aiming at when we're dealing with

Cognitive learning goals that are derived
Inquiry-based from an inquiry-based learning setting/in-
quiry-based action.

Cognitive learning goals that are derived
from a non-inquiry-based learning set-
ting/non-inquiry-based student actions or

Deep structure from undefined student actions.
aspects

starch degradation is that we need a specific

enzyme, amylase. Students read this text to
find out about amylase”.

Thinking about the potential of material for =~ “This material is good because it can be

Non-inquiry-based

Potential of material for . . . .. . . .
. ) interpretation without planning implementa- used to show that saliva contains certain en-
interpretation Lo ”
tion in class zymes”.
Students’ prior content
knowledge
[...] the lock-and-key principle, they have
learned that before. It is a prerequisite; they
have learned that before in the unit I

planned.

Certain use of knowledge regarding students’
Certain use prior content knowledge pertaining to the
topics of digestion or photosynthesis
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Unfortunately, I don't know when nutrition
will be taught and in what detail. And
whether this [knowledge] is still present in
the students.

Uncertain use of knowledge regarding stu-
Uncertain use dents’ prior content knowledge pertaining to
the topics of digestion or photosynthesis

Students’ preconditions
Certain use of knowledge concerning general Cutting with scissors is always nice too. Be-
preconditions of students aside from content cause it exercises motor skills a bit. Because
knowledge (e.g., reading ability, interest, or ~ I've already seen at school that there are
everyday knowledge) children who can't even cut with scissors.

Certain use

Uncertain use of knowledge concerning gen- Depending on how good the class is, you
. eral preconditions of students aside from con- can watch the film twice or have the stu-
Uncertain use . e L. )
tent knowledge (e.g., reading ability, interest, dents write it down from memory. [I can't

or everyday knowledge) decide that without knowing the class]
Thinking about other deep structures (e.g.,

Other deep structures . .
motivation, complexity, or transparency)

“Then, the children have fun with it”
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