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a b s t r a c t

We investigate the effectiveness of professional development (PD) aimed at promoting teachers'
language-support skills in elementary school science instruction. In a 2-year quasi-experimental field
trial study with 32 teachers in Germany, an intervention group (IG) and a control group (CG) received PD
for teaching selected science topics; the IG additionally received PD for language support. Strong
treatment effects emerged on teachers’ language-support skills and, to a lesser extent, on language
support activities in classroom teaching. All teachers gained pedagogical content knowledge and self-
efficacy for teaching elementary school science, thus pointing to the effectiveness of the PD.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

To help students develop the language skills needed for
mastering the language demands of schooling, teachers are
increasingly expected to integrate language support into their
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lessons in all subjects. Yet, findings of various OECD countries,
including Germany, indicate that teachers often do not feel well-
equipped to implement language support in their regular classes
(Bunch, 2013; Lucas et al., 2008; Quílez, 2021; Romijn et al., 2021;
Thomassen & Munthe, 2020). Since mandatory courses on lan-
guage support and second language acquisition are still an excep-
tion in teacher education programs (Paetsch & Heppt, in press),
teachers need to have access to effective professional development
(PD) for acquiring the skills required for integrating language-
support into subject-specific teaching.

Considerable efforts have been undertaken in various countries
to develop and implement PD aimed at improving teachers'
language-support skills (for an overview, see Bunch, 2013;
Schneider et al., 2012). While most of these programs prove
effective to some extent, there is a huge variability in PD designs,
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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targeted language-support approaches, and research methodology
with only a few studies implementing experimental trials
(Kalinowski et al., 2019, 2020). Moreover, only a small number of
studies deliberately aimed at promoting both language-support
skills and content knowledge (Hart & Lee, 2003; Lee & Maerten-
Rivera, 2012). Against this background, the present study in-
vestigates the effectiveness of PD aimed at improving teachers’
knowledge and skills for integrating language-support strategies
into their regular elementary school science instruction. To facili-
tate the integration of language support into subject-specific sci-
ence teaching and to ensure comparability across classrooms, the
program also included PD on teaching selected elementary school
science topics.

1.1. Promoting students’ language skills in science classes

Inquiry-based and constructivist science classes that engage
students in active and collaborative learning, provide ample op-
portunities for using and developing language in meaningful con-
texts while co-constructing knowledge (Furtak et al., 2012;
Stoddart et al., 2002). Such science classes are therefore optimal
learning environments for integrating content and language-
learning (cf. Dawes, 2004; Fang & Wei, 2010; Stoddart et al., 2002).

Science classes typically include activities of scientific inquiry to
foster students’ scientific argumentation skills and understanding
of how scientific knowledge is generated and refined (e.g., Hardy
et al., 2010; Lee & Maerten-Rivera, 2012). Typical steps included
in scientific inquiry are the formulation of hypotheses, the planning
and implementation of experiments, and the interpretation of re-
sults (Abd-El-Khalick et al., 2004; Dawes, 2004; Hardy et al., 2010;
Minner et al., 2010). These activities clearly aim at advancing con-
ceptual understanding and content knowledge, but they also
require the mastery of the language register of schooling (i.e., ac-
ademic language; cf. Ødegaard et al., 2014; Seah & Silver, 2018). To
explain the results of an experiment, for instance, students need to
be able to report from a rather distanced point of view, they need to
know the correct technical terms (e.g., “buoyancy force”, “water
displacement”), and they need to be aware of the connectives and
grammatical structures that are specific to the language function of
explaining (e.g., “because”, “due to”; Oyoo, 2011; Quílez, 2021).
Besides these communicative purposes, language is also an
important tool for knowledge construction (Gentner, 2016; Hardy
et al., 2020; Studhalter et al., 2021). Vocabulary knowledge, for
example, serves as a basis for acquiring new concepts or restruc-
turing preconcepts, as it enables cognitive operations such as
comparisons and logical inferences (Gelman & Markman, 1986;
Gentner, 2016).

Delivering didactically sophisticated science classes, which
foster both students' conceptual understanding and their language
proficiency, is highly challenging. Teachers need substantial con-
tent knowledge (CK) and pedagogical content knowledge (PCK;
Shulman, 1986) in the respective subject(s) to provide effective
inquiry-based science classes. Teachers' PCK has been identified as
particularly important for students’ (self-assessed) science
competence (Lange et al., 2012; Sadler et al., 2013) and interest
(Fauth et al., 2019; Lange et al., 2012).

Moreover, teachers need to be equipped with skills and strate-
gies of language support for initiating meaningful and effective
classroom discourse and learning activities. One such approach is
linguistic scaffolding (Gibbons, 2002). Drawing on basic principles
of Vygotsky's theory of social learning (Wood et al., 1976), this
approach aims at moving students from colloquial everyday lan-
guage to a more elaborate use of academic language (cf. Darsow
et al., 2012; Gibbons, 2002; Lucero, 2014; Mahan, 2020). In a
typical sequence, students employ their everyday language skills in
2

the language of instruction during learning activities, allowing
them to acquire a basic understanding of the targeted concepts.
With specific linguistic aids (scaffolds) implemented in the
following learning activities, they successively develop their lan-
guage skills towards a more sophisticated and precise language use
(i.e., academic language) and deepen their conceptual content
knowledge. In order to facilitate students' language learning,
teachers use a variety of language-support strategies. These pertain
to teachers' language input (e.g., acting as language role models by
frequent use of academic language), use of questions (e.g., asking
open-ended questions to initiate more elaborate student utter-
ances), language feedback (e.g., rephrasing students' utterances
using the academic language register), and strategies for actively
shifting students' attention (e.g., by using visual aids; for further
examples see Table 1; Darsow et al., 2012; Gabler et al., 2020;
Mahan, 2020; Wasik, 2010). The linguistic aids are gradually
removed, adapting to the students' current state of language
proficiency.

1.2. Characteristics of effective teacher PD

A growing body of research on the effectiveness of teacher PD
overall (e.g., Darling-Hammond et al., 2009; Garet et al., 2001;
Guskey& Yoon, 2009; Lipowsky& Rzejak, 2015; Sancar et al., 2021;
Timperley et al., 2007) and studies with a specific focus on PD for
language support across the curriculum (for an overview, see
Kalinowski et al., 2020; Kalinowski et al., 2019) yielded convergent
findings regarding the key characteristics of effective teacher PD.
Much of the literature suggests that effective PD has a narrow focus
on subject-specific knowledge and uses a variety of formats (e.g.,
workshops, coaching, online discussions) that are delivered in
multiple sessions over an extended period of time (e.g., Darling-
Hammond et al., 2009; Garet et al., 2001; Sancar et al., 2021).
However, there is no simple link between the duration of a PD and
its effectiveness (Guskey & Yoon, 2009; Timperley et al., 2007).
Longer and more varied PDs seem to be more effective, as they are
more likely to combine phases of input with practice and reflection
(Darling-Hammond et al., 2009; Lipowsky & Rzejak, 2015).

During application phases, teachers typically implement the
newly acquired knowledge into their classroom teaching. These
active implementation phases should include feedback and foster
reflection (Ingvarson et al., 2005; Lipowsky & Rzejak, 2015; Romijn
et al., 2021). An effective way to stimulate reflection on and
development of teaching practices is the analysis of video-recorded
lessons (e.g., Blomberg et al., 2014; Fukkink & Kramer, 2011;
Piwowar et al., 2013).

Collaboration among participants forms another important
aspect of effective PD (e.g., Armour & Yelling, 2007; Babinski et al.,
2018; Garet et al., 2001; Geldenhuys & Oosthuizen, 2015; Sancar
et al., 2021). It can be promoted by engaging teachers in discus-
sions, group work, and joint reflections of newly acquired knowl-
edge and practical experiences, for instance (for an overview, see
Kalinowski et al., 2019).

1.3. Effectiveness of teacher PD for language support across the
curriculum

Typically, evaluation studies assess the extent to which PD is
effective, focusing on one or several conceptual levels: teachers'
immediate reaction to the program, i.e., their satisfaction with and
acceptance of the PD intervention (Level 1); teachers' learning
gains and intended changes in knowledge and motivational ori-
entations (Level 2); changes in teachers' classroom behaviors and
practices (Level 3); and students' learning gains and competence
development (Level 4), presenting the ultimate goal of teacher PD



Table 1
Typical language-support strategies within the scaffolding approach (e.g., Gabler et al., 2020).

Input Questions Feedback Attention Focus

Acting as language role model
� Giving well-considered and elaborate lan-

guage input (target word “observe/obser-
vation”: “I am interested in your observations.
Please describe in detail what you observed
during the experiment.“)

� Mapping one's own or students' actions with
language (e.g., “First I pour water into the
big cup. Then I press the small cup”, while
demonstrating exactly this action to the
students.)

� Using thinking aloud-techniques

Language-supportive
questions
� Asking open-ended

questions (“What would
you expect and why?“)

� Asking questions with a
specific focus on
language (“Which other
word do we know for
this?“)

Correcting and extending students'
utterances
� Giving corrections in terms of content,

vocabulary, and grammar
� Rephrasing (and extending), using the

academic language register (“The liquid
made itself bigger” e “Exactly. The liquid
expanded in the thermometer.“)

Explicitly drawing students' attention to terms
and phrases
� Giving oral hints (“What would a scientist call

this?“)
� Prompting students to self-corrections
� Using materials that facilitate comprehension

(e.g., word cards, printing new words in bold
in a text)

� Conducting explicit exercises (e.g., when
weighing objects of different sizes and
material kind, students can be prompted to
formulate comparisons using expressions like
“as heavy as”, “heavier” etc.)
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(Guskey, 2000; Lipowsky & Rzejak, 2015). Given the scope of the
present investigation, our literature review focuses on studies
evaluating the effects of teacher PD for language support at Levels 2
and 3, namely teachers’ cognition and classroom practices (for
studies, evaluating PD effects at the student level, see August et al.,
2014; Babinski et al., 2018; Brisk & Zisselsberger, 2011; Kalinowski
et al., 2019).

As for cognition, teacher PD may impact various dimensions,
such as teachers' self-efficacy to use language support in instruc-
tion as well as their beliefs and knowledge, all of which form part of
teachers' professional competence (Kunter et al., 2013). In their
recent meta-analysis, Kalinowski et al. (2020) found a small and
non-significant training effect on teachers' cognition across studies
(g’ ¼ 0.21, SE ¼ 0.14). Yet, only four of the ten studies that were
included in the meta-analysis reported cognitive measures (e.g.,
knowledge, beliefs, self-efficacy). Whereas two studies focused on
teachers' self-reported knowledge, there were no studies that
evaluated actual knowledge gains, using objective tests. Lee and
Maerten-Rivera (2012), for instance, conducted a 3-year teacher
PD in the US, aimed at improving teachers' science instruction and
support of English language learners' (ELLs) literacy development.
The authors found gains in teachers' self-reported science knowl-
edge and, to a lesser extent, changes in the self-reported imple-
mentation of teaching practices aimed at ELLs’ language
development.

While teachers' (objectively measured) knowledge and skills
were rarely assessed in previous research, the majority of studies
investigated teachers' classroom practice upon PD completion.
Kalinowski et al. (2020) report an overall medium to large effect
(g’ ¼ 0.71, SE ¼ 0.16) and conclude that teacher PD seems to
improve teachers' classroom practice. Yet, the studies included in
themeta-analysis varied considerably in terms of language-support
approaches implemented in the teacher PDs, the assessments of
teachers’ classroom practices, and the resulting effects. In a study
by Hart and Lee (2003), teachers participated in several workshops
aimed at improving their engagement of students in science in-
quiry while integrating English language and literacy in their sci-
ence classes. After the 1-year intervention, teachers provided more
linguistic scaffolding, resulting in a small effect size (d ¼ 0.29).
Instructional strategies aimed at promoting literacy activities (i.e.,
reading and writing) during science classes, however, did not
change (d ¼ 0.08).

One of the very few studies conducted outside the US focused on
kindergarten teachers' use of scientific reasoning (e.g.,
“comparing”, “explaining”) and domain-specific academic vocab-
ulary (e.g., “air”, “press”) in early science instruction in the
Netherlands (Henrichs & Leseman, 2014). The authors found that,
after a 3-h training on academic language, teachers in the IG asked
3

more questions aimed at enhancing students' scientific reasoning
and used more domain-specific academic vocabulary than teachers
in the CG. These findings are mirrored by a recent study, also
conducted in the Netherlands, that aimed at increasing elementary
school teachers’ use of open-ended questions and language-
learning strategies during science classes (van Dijk et al., 2019).
This study implemented one-on-one video-based coaching. After
the intervention, teachers from the IG used more open-ended
questions in their science classes and their oral communication
increased in complexity and sophistication.

Most of the above studies on PD effects on teachers' classroom
practices used instruments that were developed for the purpose of
the particular investigation. Yet, two recent studies from the US
included standardized measures that had been used and validated
before (Babinski et al., 2018; Tong et al., 2018). Based on an estab-
lished classroom observation tool and a researcher-developed
protocol, Babinski et al. (2018) evaluated the effects of PD with a
specific focus on language support for ELLs. Whereas the IG and the
CG showed large posttest differences on the researcher-developed
measure, few differences emerged on the established tool. These
results are in line with findings by Kalinowski et al. (2020) who
identified the degree of standardization of an instrument as a po-
tential moderator of the PD's effectiveness. Evaluation studies that
rely exclusively on researcher-developed instruments thus tend to
report larger treatment effects than studies that include well-
established, standardized measures.

In sum, the emerging literature on PD effects indicates that
teacher PD for subject-integrated language support may be bene-
ficial for some aspects related to teachers' cognition, specifically
beliefs and self-reported knowledge (e.g., Hart & Lee, 2003;
Kalinowski et al., 2020). Effects on teachers' classroom practice
have been studied more extensively than cognitive aspects, and
results point to larger effects. Despite these promising findings,
research in this field is still at an early stage. Previous research has
largely neglected teachers' learning gains as reflected by objective
performance measures and there is a strong focus on researcher-
developed measures instead of validated and well-established
measures. The vast majority of studies was conducted in the US
and almost all of these investigations aimed at training teachers to
foster language skills of ELLs. These are students with limited En-
glish proficiency as assessed by standardized tests, among them
many students with an immigrant background. Immigrant students
are also an important target group for language support in Ger-
many (e.g., Paetsch et al., 2014; Stanat et al., 2012), but there is a
growing body of research showing that academic language is
challenging for both multilingual andmonolingual students (Heppt
et al., 2016; Prediger & Zindel, 2017). Current educational policies
and curriculum developments in Germany therefore call for
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subject-integrated academic language support for all students (cf.
Becker-Mrotzek & Roth, 2017). Thus, teacher trainings should
improve teachers' skills to integrate language-support strategies
into their regular domain-specific teaching to support all students’
development of content knowledge and language skills.

2. The present study

The goal of the present study is to examine the extent towhich a
PD program based on the scaffolding approach (Gibbons, 2002)
fosters in-service teachers' skills to provide (academic) language
support in elementary school science instruction. We trained par-
ticipants from both CG and IG for teaching selected elementary
school science topics. The IG additionally received extensive
training for incorporating language-support strategies into their
science teaching. Our PD evaluation focuses on treatment effects at
Levels 2 and 3, that is, effects on teachers’ cognition and classroom
practices, and includes both language-support skills and elemen-
tary school science teaching.

In terms of cognition measures, we focus on knowledge gains,
pertaining to both participants' language-support skills and their
PCK on selected elementary school science topics. We additionally
investigate changes in teachers' self-efficacy for teaching elemen-
tary school science. Teachers’ self-efficacy is an important driver of
subsequent behavior and teaching effectiveness (Klassen & Tze,
2014) and can be increased by subject-matter training (Cantrell &
Hughes, 2008; Mulholland et al., 2004).

Regarding teachers' classroom practices, we investigate three
dimensions of instructional support, as measured by the Classroom
Assessment Scoring System (CLASS K-3; Pianta et al., 2008). “Lan-
guage modeling” has a clear focus on teachers' language-support
practices and entails a range of strategies IG-teachers learned and
applied in our PD (Table 1). “Concept development” and “quality of
feedback”, however, are more general dimensions of instructional
quality, aimed at improving students’ content knowledge and
conceptual understanding.

2.1. Research questions and hypotheses

Specifically, we explored the following research questions and
hypotheses:

(1) Do IG-teachers differ from CG-teachers in their language-
support skills (cognition; Level 2) and in their classroom
teaching (practice; Level 3) after completing the PD for lan-
guage support in science classrooms? We expected the IG to
increase their language-support skills and to outperform the
CG upon PD completion. With regard to teachers' instruc-
tional support in classroom teaching, we assumed advan-
tages of the IG over the CG for language modeling but not for
concept development. As the CLASS-dimension quality of
feedback broadly covers feedback strategies with no specific
focus on language support, it may be assumed that IG and CG
perform equally well. Yet, feedback strategies are also a
common means for fostering students' language skills and
were promoted in the PD for language-support (e.g., by
correcting and expanding students' utterances or by
rephrasing responses, using more specific and elaborate vo-
cabulary; see Table 1; e.g., Dannenbauer, 2002; Gabler et al.,
2020; Lyster & Saito, 2010). Given these somewhat contra-
dictory assumptions, we did not formulate a hypothesis for
quality of feedback.

(2) Do IG and CG-teachers increase their PCK and their self-
efficacy (cognition; Level 2) for teaching elementary school
science after completing the PDs for teaching selected
4

elementary school science topics? The PDs had a strong focus
on subject-specific knowledge and encouraged participants'
social interaction and collaborative learning, the latter of
which is regarded as particularly important for boosting self-
efficacy (Bandura, 1997; Yang, 2020). We therefore hypoth-
esized that all participants would gain in subject-specific PCK
and increase their self-efficacy for teaching elementary
school science.

3. Method

3.1. Study design and data collection

We conducted a field trial study to evaluate the effects of our PD
program (Fig. 1). Experimental designs with at least two groups are
generally seen as a highly appropriate way for testing treatment
effects (Sullivan, 2011). Our quasi-experimental design therefore
involved an IG and a (waiting) CG. The study took place over the
course of two school years and consisted of two major phases:
During the PD phase in Year 1, both IG and CG participated in three
face-to-face PD courses on teaching the topics of “floating and
sinking” (Topic 1), “evaporation and condensation” (Topic 2), and
“education for sustainable development” (Topic 3). The IG addi-
tionally received extensive training for fostering students' language
skills during regular science instruction and participated in
coaching sessions in conjunctionwith a number of classroom trials.
The face-to-face training on language support was based on the
science topic of “floating and sinking” and was therefore conducted
after the course on Topic 1. During the implementation phase in
Year 2, teachers taught the three science topics in their regular
science classes in Grades 3 and 4. Given the time lag between PD
and implementation, the present study measured delayed effects
on teachers’ practice.

To evaluate PD effects, we administered written assignments
prior to the beginning of the PD program, before and after
completion of each science unit, and after the training series on
language-support skills (Fig. 1). During the implementation phase,
we videotaped the second double lesson (90 min) of each science
topic in all participating classrooms. We had planned to videotape
three double lessons per teacher, one in each of the three different
science topics. However, due to sample attrition throughout the
project, only data on the first two topics could be used for evalu-
ating PD effects in the present article. After completing the
implementation phase, the CG had the chance to participate in a
shortened and optimized version of the PD for language support in
science classrooms.

3.2. Sample selection and sample

The current study was conducted in two federal states of Ger-
many. To recruit teachers for participation in the study, we con-
tacted elementary schools and carried out introductory events for
school principals and teachers. We aimed at avoiding spill-over
effects from IG to CG (e.g., with teachers from different treatment
groups exchanging PD materials or engaging in joint lesson plan-
ning), as this might have familiarized CG-teachers with the content
of PD for language support and, thus, blurred treatment effects.
Teachers within one school were therefore assigned to the same
treatment condition.

Participation in the study was voluntary for schools, teachers,
and students. The project was very time-consuming for teachers,
especially for those in the IG, and required their ongoing partici-
pation for more than 2 years. We therefore offered participants
several incentives at different stages of the study (e.g., teaching
materials, a certificate for their participation in the PD program,



Fig. 1. Overview of study design and data collection. PD ¼ professional development. LS ¼ language support.
Note. The subject-related posttest for Topics 2 and 3 took place shortly before the respective teaching units. Due to sample attrition throughout the project, only Topics 1 and 2 were
included in the evaluation. PD for language support for the (waiting) control group took place after the implementation phase (9/2018-12/2018).
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financial allowances for the class). Nevertheless, the project suf-
fered from substantial sample attrition (see section “Sample Attri-
tion”). Out of 44 teachers who participated in the pretest, 32
teachers (26 female) from 16 elementary schools completed the PD
program and took part in at least one posttest. In the following,
these teachers are referred to as “cognition sample” and serve as
the basis for evaluating PD effects at Level 2. Of these 32 teachers,
24 further participated in the project during the implementation
phase. This group, which is a strict subsample of the cognition
sample, is referred to as “practice sample” and is used for evaluating
Table 2
Demographic data for the intervention group and the control group at T1: Cognition sam

Variable Interventio
(n ¼ 12 fro

n (%)a

Gender
Female 10

(83.30)
Male 2

(16.70)
Federal state
State 1 12

(100)
State 2 --

(0)
Mean age in years
Background in elementary school education 8

(72.70)
Background in elementary school science 2

(18.20)
Background in language support/German as a second language 6

(54.50)

Note. The cognition sample includes all teachers who participated in the project throu
signments of the pretests and posttests.

a Information is based on the valid percentages.

5

the effectiveness of the PD at Level 3.
Table 2 displays basic demographics for the cognition sample

(nIG ¼ 12, nCG ¼ 20) at T1; the respective data for the practice
sample (nIG ¼ 7, nCG ¼ 17) are shown in Table 3. The following
details refer to the cognition sample, but a very similar pattern of
results emerged for the practice sample. The two treatment groups
in the cognition sample did not differ in terms of age (t ¼ 0.16,
df ¼ 24, p ¼ .87, d ¼ 0.07, 95% CI [-0.80, 0.94]) and gender
(c2(1) ¼ 0.6, p ¼ .82, 4 < .04, 95% CI [.00, .36]) and the gender
distribution largely corresponds to the numbers reported for
ple.

n Group
m 7 schools)

Control Group
(n ¼ 20 from 9 schools)

M SD n (%)a M SD

16
(80.00)
4
(20.00)

2
(10.00)
18
(90.00)

41.14 9.33 41.74 7.96
19
(95.00)
9
(45.00)
3
(16.70)

ghout the entire professional development phase and took part in the written as-



Table 3
Demographic data for the intervention group and the control group at T1: Practice sample.

Variable Intervention Group
(n ¼ 7 from 5 schools)

Control Group
(n ¼ 17 from 8 schools)

n (%)a M SD n (%)a M SD

Gender
Female 7 13

(100) (76.50)
Male -- 4

(0) (23.50)
Federal state
State 1 7 1

(100) (5.90)
State 2 -- 16

(0) (94.10)
Mean age in years 40.33 4.04 42.69 8.16
Background in elementary school education 5 16

(71.40) (94.10)
Background in elementary school science 1 7

(14.30) (41.20)
Background in language support/German as a second language 4 3

(57.10) (17.60)

Note. The practice sample includes all teachers who participated in the project throughout the entire professional development phase (incl. written assignments of pretests
and posttests), and also took part in the implementation phase.

a Information is based on the valid percentages.
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elementary school teachers in the participating states and in Ger-
many overall (OECD, 2020). Regarding their educational back-
ground, no substantial differences emerged for the number of
teachers who had studied science as a school subject (c2(1) ¼ 2.23,
p ¼ .14, 4 ¼ .27, 95% CI [.00, .62]). However, there were more
teachers who had studied elementary school education in the CG
than in the IG (c2(1) ¼ 3.13, p ¼ .08, 4 ¼ .32, 95% CI [.00, .67]). More
IG-teachers than CG-teachers had taken courses on language sup-
port or German as a second language during their university edu-
cation (c2(1)¼ 4.58, p¼ .03, 4¼ .40, 95% CI [.00, .76]). Moreover, all
IG-teachers were located in State 1, whereas the majority of the CG-
participants taught at schools in State 2 (c2(1) ¼ 24.69, p < .001,
4 ¼ .88, 95% CI [.53, 1.22]).
3.2.1. Sample Attrition
Due to challenges such as teacher shortage during teacher

recruitment and sample attrition during the PD phase, we find an
uneven distribution of IG and CG across locations. The project had
initially been planned to be conducted only in one state, yet sample
attrition forced us to additionally recruit teachers in another state
during the ongoing project. Considering the time-consuming PD for
language support, teachers from State 1were preferably assigned to
the IG. Participants from State 2, who joined the project at a later
time point, were allocated to the CG which involved a less time-
consuming PD. Altogether, 12 teachers dropped out before
completing the PD phase and could not be included in the present
analyses, resulting in a total of 32 teachers in the cognition sample.
Teachers who dropped out had less frequently studied elementary
school education than those who remained in the project
(c2(1) ¼ 4.33, p ¼ .04, 4 ¼ .32, 95% CI [.00, .62]). No differences
emerged in teachers' frequency of studying elementary school
science (c2(1) ¼ 0.43, p ¼ .51, 4 ¼ .10, 95% CI [.00, .40]) or attending
courses on language support or German as a second language
during their university education (c2(1) ¼ 1.16, p ¼ .28, 4 ¼ .17, 95%
CI [.00, .49]). During the implementation phase, the project was
reduced by eight more teachers, leaving a total of 24 teachers in the
practice sample. The dropouts did not differ from those who
participated throughout the implementation phase regarding their
background in elementary school education (c2(1) ¼ 1.40, p ¼ .24,
4 ¼ .21, 95% CI [.00, .56]), elementary school science (c2(1) ¼ 0.19,
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p ¼ .89, 4 ¼ .02, 95% CI [.00, .30]), and training on language support
or German as a second language (c2(1) ¼ 0.19, p ¼ .67, 4 ¼ .08, 95%
CI [.00, .44]). Staff shortage and overstraining were among the most
important reasons for the severe sample attrition during PD and
implementation phase, along with various personal and organiza-
tional reasons (e.g., teacher's placement in another grade level with
no opportunity to teach a Grade 3 science classroom; teacher's
change of school or change of headmaster within a school with no
project support by the new headmaster) that do not suggest a
systematic dropout.
3.3. PD program for intervention group and control group

3.3.1. PD for elementary school science
To make sure that teachers in the IG and in the CG had a com-

parable knowledge base on the relevant elementary school science
topics, teachers of both groups took part in PD courses on the topics
of “floating and sinking” (Topic 1) and “evaporation and conden-
sation” (Topic 2). Both topics are part of the elementary school
science curricula of the participating federal states. The PD classes
were conducted by two authors of the present paper with a back-
ground in elementary school science and didactics. Each course
comprised 5 h and aimed at developing the CK and PCK necessary
for teaching the respective lesson units. The curriculum on “floating
and sinking” focused on the concepts of density, water displace-
ment, pressure, and buoyancy force (Kleickmann et al., 2016;
M€oller et al., 2002); the curriculum on “evaporation and conden-
sation” addressed the hydrological cycle and the processes of
evaporation and condensation (for a detailed description, see
Supplementary Materials A and B).

In line with the previously described characteristics of effective
PD (e.g., Darling-Hammond et al., 2009; Lipowsky & Rzejak, 2015),
both PDs had a clear content-specific focus, provided ample op-
portunity for collaboration among participants, and combined
phases of input, practice, and reflection. Specifically, teachers
received input regarding important physics principles and they
reflected on typical student misconceptions and instructional ap-
proaches. Moreover, the lesson units were briefly introduced and
teachers had the opportunity to work with the teaching aids (e.g.,
materials such as real objects in different sizes and from different



B. Heppt, S. Henschel, I. Hardy et al. Teaching and Teacher Education 109 (2022) 103518
materials, work sheets), to conduct experiments, and to discuss
their observations. Upon course completion, teachers received all
materials needed for teaching the lesson units in class. This
included manuals for both topics with detailed lesson plans for
each lesson.

3.3.2. PD for language support in science classrooms
The present study applied a newly developed PD program for

language support in science classrooms. The language-support
approach followed the scaffolding principles (Darsow et al., 2012;
Gibbons, 2002) and aimed at promoting teachers’ language-
support skills in terms of both theoretical background knowledge
and application to instruction (Gabler et al., 2020). Drawing on
common characteristics of effective PD, we took great care to
integrate phases of input with application and reflection. The PD
included workshops and coaching and engaged participants in
active collaboration (for a detailed description, see Supplementary
Material C). One of the authors of the present paper, who is an
expert in the field of linguistics and language support, primarily
developed and implemented the PD program.

Module 1: Basics of language scaffolding. This part of the PD
encompassed three training sessions (2 half-day sessions, 1 full-day
session, 16 h altogether) in which the central components of the
scaffolding approach were introduced and applied to the teaching
unit of “floating and sinking”. The scaffolding approach includes an
extensive lesson planning phase with a strong focus on the
formulation of language-related learning goals (macro-scaffolding),
and the actual language support in class (micro-scaffolding). For
defining language-related learning goals, teachers need to be aware
of a topic's linguistic requirements and they need to be able to
evaluate their students' language skills. In Module 1 of the PD, the
challenges of academic language in general and the subject-specific
challenges of the topic “floating and sinking” in particular (e.g.,
linguistic knowledge needed for formulating a hypothesis) were
introduced. For each lesson, the teachers received detailed de-
scriptions of the linguistic demands students need to master in
order to develop the underlying concepts, and they learned how to
analyze the linguistic requirements of teaching materials (macro-
scaffolding). Based on examples from publicly available lesson
transcripts and videos (e.g., https://www.uni-muenster.de/Koviu/;
cf. Steffensky et al., 2015), the participants identified situations that
are most suitable for language support. Furthermore, teachers
discussed formal (i.e., test instruments) and informal ways (e.g.,
students oral and written utterances in class) of assessing students'
language skills and worked on the definition of language-related
learning goals. To actively support students' language acquisition
in classroom interaction (micro-scaffolding), teachers learned a
variety of implicit and explicit language-support strategies (for a
detailed description, see Table 1).

In the last training session, IG-teachers received an updated
version of the manual for “floating and sinking” that additionally
included didactical and methodological comments on language
support. This updated version of the manual served as a wrap-up of
the topics that had been covered in the previous training sessions
and teachers were thoroughly familiarized with it (e.g., within role
plays of selected classroom situations, by reflecting on the appli-
cability of the suggested hints for language support for their own
classroom teaching).

Module 2: Coaching and video feedback. In Module 2, which
typically started 1e2weeks afterModule 1, IG-teachers delivered at
least two lessons of the curriculum on “floating and sinking” in
their regular Grade 3 or Grade 4 classrooms (these were different
classrooms than those who took part in the implementation phase
in the subsequent school year). Two of these lessons were followed
by extensive coaching sessions with reflection and feedback. The
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coaching sessions took place in a one-on-one setting (teacher and
trainer) or in a small group setting (4e6 teachers and trainer) and
without the students' participation. The trainer observed the first
lesson in the participating teachers’ classes. In the subsequent one-
on-one feedback, teachers had the chance to reflect on the attain-
ment of the language-support goals they had set for themselves,
they received feedback on successful language support, were
shown opportunities for further development, and formulated new
goals for the next lesson.

We videotaped the second lesson and used selected video clips
for video-feedback sessions in small groups. In these meetings,
participants discussed both particularly successful sequences of
language support and jointly developed ideas for further im-
provements. The video-feedback sessions took between 2 and 3 h
and each IG-member participated in one such meeting. A final
reflectionmeeting of all IG-members (3 h) was aimed at integrating
the insights from the small group sessions.

3.4. Measures

3.4.1. Measures for evaluating PD effects on teachers’ cognition
Language-support skills across the curriculum. We used the LAS-

SKI (LAnguage-support SKIlls scale), a researcher-developed mea-
sure for assessing teachers' language-support skills across the
curriculum. The LASSKI focuses on the contents of the PD program
and captures knowledge and application of the scaffolding com-
ponents. It encompasses nine multiple choice (MC) or forced choice
items (coded with 0 and 1) and two constructed response (CR)
items (coded with 0, 1, and 2), resulting in a maximum score of 12
(see Supplementary Material D). Two trained student assistants
who were blind to treatment conditions coded the CR items based
on detailed scoring guidelines. Interrater reliability was moderate
to very good (pretest: .65 � ҡ � .83, posttest: .59 � ҡ � .83; pretest:
Mҡ ¼ .74, SDҡ ¼ .13, posttest: Mҡ ¼ .71, SDҡ ¼ .17). When the coders’
ratings differed, we used their mean for further analyses. The
reliability of the scale was satisfactory in the pretest (a ¼ .74) but
not sufficient in the posttest (a ¼ .66).

PCK on floating and sinking. Drawing on 5 open-ended questions
that were included in the evaluation of a previous version of the PD
(Decker et al., 2020), we developed an instrument for assessing
teachers' PCK on “floating and sinking”. The revised instrument
tapped the domains “knowledge on students’ understanding”
(including typical preconcepts) and “knowledge on teaching stra-
tegies” (cf. Park & Oliver, 2007) and was closely aligned with the
contents of the teacher PD on “floating and sinking”. For example,
teachers were asked to provide typical student explanations why a
boat floats on the water or deliver a sketch for visualizing the
concept of density (see the Supplementary Material A for an
overview of the PD contents). The instrument consisted of eight
tasks (six CR and twoMC) with 18 items. Answers were coded with
0, 1, and 2 and the maximum score was 24. Using a detailed coding
manual, all items were independently rated by two trained student
assistants in a blind coding procedure. Interrater reliability ranged
from low to excellent (pretest: .47 � ҡ � 1.00, posttest:
.30� ҡ� 1.00) andwas very good for themajority of items (pretest:
Mҡ ¼ .85, SDҡ ¼ 017, posttest: Mҡ ¼ .78, SDҡ ¼ .24). In case of
divergent ratings, the coders discussed these and agreed upon a
rating, which was used for subsequent analyses. The reliability of
the scale was satisfactory (apre/post ¼ .79/.76).

PCK on evaporation and condensation. For assessing teachers' PCK
on “evaporation and condensation”, we used a revised version of
the measure by Lange et al. (2012) which included the two domains
“knowledge on students' understanding” and “knowledge on
teaching strategies”. The instrument thus tapped teachers’ knowl-
edge of frequent student preconcepts of evaporation, possible

https://www.uni-muenster.de/Koviu/
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difficulties for understanding this transition process, and the pur-
pose of typical classroom experiments (such as boiling water in a
pot), for instance. These contents are generally covered by
elementary school science curriculums on “evaporation and
condensation” and were also part of our PD (see Supplementary
Material B). The final scale had seven tasks with 18 items, 16 of
which were CR items and two required participants to draw a
sketch (of a water cycle, for instance). Answers were coded with 0,
1, or 2 points, resulting in a maximum score of 36. The coding and
scoring procedure followed the same principle as for the PCK-test
on “floating and sinking”. Interrater reliability was moderate to
very good for all but one item (pretest: .23 � ҡ � 1.00, posttest:
.40 � ҡ � 1.00; pretest: Mҡ ¼ .71, SDҡ ¼ .20, posttest: Mҡ ¼ .76,
SDҡ ¼ .20). Coders discussed divergent ratings and we used their
consensus rating for further analyses. The reliability of the scale
was not sufficient in the pretest (a ¼ .64) but satisfactory in the
posttest (a ¼ .78).

Self-efficacy for teaching elementary school science. We used a
researcher-developed scale to assess teachers' self-efficacy for
teaching elementary school science. On this scale, teachers indi-
cated to what degree they believed they could explain or demon-
strate phenomena that are typical for the elementary school
science topics “floating and sinking”, “condensation and evapora-
tion”, or “education for sustainable development” (e.g., “How
confident are you that you could convey the difference between an
object's density and its weight to your students?“). All questions
were answered on a 4-point Likert scale (1 ¼ very unconfident,
4 ¼ very confident). The scale consisted of 14 items and its reli-
ability was very good (apre/post ¼ .90/.86).

3.4.2. Measures for evaluating PD effects on teachers’ classroom
practice

We used the Classroom Assessment Scoring System (CLASS K-3;
Pianta et al., 2008) to assess teachers' instructional support during
science classes. The CLASS is an observation instrument for
measuring interaction quality in the classroom. In the present
study, we focused on the domain of “instructional support”, which
includes the dimensions “concept development”, “quality of feed-
back”, and “language modeling”. Concept development refers to
activities aimed at promoting students' higher-order thinking skills
and conceptual understanding (e.g., by activating prior knowledge
or by engaging students in experiments). These also played an
important role and were deliberately encouraged in the inquiry-
based science curricula of the present study. Quality of feedback
captures the amount of feedback a teacher gives that helps expand
learning and understanding (e.g., by providing additional infor-
mation and by encouraging students). Languagemodeling taps “the
quality and amount of the teacher's use of language-stimulation
and language-facilitation techniques” (Pianta et al., 2008, p. 79).
The quality of each of these domains is assessed on a 7-point rating
scale (1e2: low quality; 3e5: average quality; 6e7: high quality)
and evaluations are based on a range of indicators. Language
modeling, for instance, involves an appraisal of the use of advanced
language (e.g., variety of words), the frequency of conversations,
the use of open-ended questions, and self- and parallel talk (Pianta
et al., 2008). There is substantial overlap between these indicators
and the strategies included in the scaffolding approach (micro-
scaffolding) that were taught in the PD for language support (see
Table 1 and Supplementary Material C).

Given the highly-inferential nature of the CLASS, ratingsmust be
carried out by trained and licensed raters. In the present study,
external licensed raters who were blind to our study goals and
treatment conditions carried out all CLASS ratings. The ratings were
based on 20-min videoclips of the two videotaped double lessons
from the teaching units on Topics 1 and 2. Each video (Topic 1:
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n ¼ 24, Topic 2: n ¼ 24) was coded by two raters and interrater-
reliability was satisfactory to very good for both topics. The intra-
class correlation coefficients were .80 (concept development), .63
(quality of feedback), and .75 (language modeling) for Topic 1, and
.84 (concept development), .88 (quality of feedback), and .83 (lan-
guage modeling) for Topic 2. In line with the CLASS guidelines, we
did not change the individual ratings for our analyses but used
mean scores when ratings differed.

3.5. Statistical analyses

To test the PD effects on the cognition measures and compare IG
and CG in their classroom behavior, we conducted a series of uni-
variate and multivariate analyses of (co)variance. Regarding the
preconditions for these analyses, within-group homoscedasticity
was given for all but one measure (pretest score of the LASSKI).
Given the small sample size, some of the data were not normally
distributed within IG and CG. Yet, ANOVAS are typically considered
and have empirically been shown (Blanca et al., 2017; Schmider
et al., 2010) to be relatively robust against violations of the
normality assumption. As statistical significance depends on sam-
ple size, even meaningful effects might not be statistically signifi-
cant in small samples. For evaluating the practical relevance of our
findings, we therefore report the effect size partial h2 for all results,
with .01 indicating a small, .06 a medium, and .14 a large effect
(Cohen, 1988). The effect size estimates are, however, subject to a
high level of inaccuracy, as indicated by the breath of the 95% CIs.
All analyses were also run with nonparametric tests; the results
obtained with nonparametric tests closely correspond to the results
reported below.

4. Results

4.1. PD effects on teachers’ cognition

In a first step, we explored comparability across groups on
teachers' pretest scores for all cognition variables (for descriptive
statistics and intercorrelations, see Table 4). Univariate analyses
revealed no differences between IG and CG in their language-
support skills, F(1,27) ¼ .19, p ¼ .66, partial h2 ¼ .01, 95% CI [.00,
.16], their PCK on “evaporation and condensation”, F(1,27) ¼ 0.31,
p ¼ .58, partial h2 ¼ .01, 95% CI [.00, .18], and their self-efficacy for
teaching elementary school science, F(1,29) ¼ 0.87, p ¼ .36, partial
h2 ¼ .03, 95% CI [.00, .21]. Pretest differences on teachers' PCK on
“floating and sinking” did not yield statistical significance,
F(1,28) ¼ 3.81, p ¼ .06, partial h2 ¼ .12, 95% CI [.00, .34], but the
effect size indicated a medium effect, thus suggesting that the CG
entered the PD with better PCK than the IG. This finding supports
our decision to foster teachers’ knowledge on the relevant
elementary school science topics as a precondition for investigating
the effectiveness of the PD on language support.

In line with our study aims, we next examined PD effects for
knowledge on language support. As is typically suggested for
experimental designs with a pretest and a posttest (e.g., Rausch
et al., 2010), we controlled for pretest scores when comparing IG
and CG in their posttest performance on the LASSKI (i.e., our
measure of teachers' language-support skills). This increases the
power of analyses compared to a repeated-measures ANOVA
(Table 5). The ANCOVA revealed a significant group difference with
a large effect size, F(1,21) ¼ 6.33, p ¼ .02, partial h2 ¼ .23, 95% CI
[.00, .48]. Results indicate that the IG outperformed the CG, hence
supporting the effectiveness of the PD for improving teachers’
language-support skills.

The PD for elementary school science did not include an
experimental factor but was the same for IG and CG. To test



Table 4
Descriptive statistics and correlations for the cognition measures.

# Time Point Measure Intervention
Group

Control Group 1 2 3 4 5 6 7

n M SD n M SD

1 Pretest Language-support skills 10 5.20 1.38 19 4.74 3.16 e

2 Posttest Language-support skills 9 8.61 2.45 18 6.86 2.17 .19 e

3 Pretest PCK on floating and sinking 10 6.80 4.59 20 10.00 4.05 -.03 -.13 e

4 Posttest PCK on floating and sinking 10 11.10 3.93 18 11.17 3.75 .01 .16 .51** e

5 Pretest PCK on evaporation and condensation 10 12.90 4.98 19 13.84 3.93 .05 .09 .30 .26 e

6 Posttest PCK on evaporation and condensation 6 15.67 6.31 13 14.38 5.91 -.10 .22 .27 .39 .00 e

7 Pretest Self-efficacy for teaching elementary school science 11 2.67 0.53 20 2.84 0.49 -.09 -.21 .41* -.06 .35þ .37 e

8 Posttest Self-efficacy for teaching elementary school science 10 3.04 0.56 20 2.87 0.43 -.24 .29 .04 .23 .09 .38 .36þ

Note. þ p < .10, *p < .05, **p < .01.

Table 5
Results of the repeated-measures ANOVAs for investigating PD effects.

Measure Factor Time Factor Treatment Condition Interaction

(Pretest, Posttest) (IG, CG) Time x Treatment Condition

F p partial
h2

95% CI F p partial
h2

95% CI F p partial
h2

95% CI

Language-support skillsa F(1,22) ¼ 21.01 <.01 .49 [.03,
.67]

F(1,22) ¼ 1.60 .22 .07 [.00,
.30]

F(1,22) ¼ 2.98 .10 .12 [.00,
.36]

PCK on floating and sinking F(1,24) ¼ 9.56 .01 .29 [.03,
.51]

F(1,24) ¼ 1.74 .20 .07 [.00,
.29]

F(1,24) ¼ 2.71 .11 .10 [.00,
.34]

PCK on evaporation and condensation F(1,16) ¼ 0.89 .36 .05 [.00,
.32]

F(1,16) ¼ 0.05 .82 <.01 [.00,
.18]

F(1,16) ¼ 0.26 .62 .02 [.00,
.25]

Self-efficacy for teaching elementary school
science

F(1,27) ¼ 4.72 .04 .15 [.00,
.38]

F(1,27) ¼ 0.02 .90 <.01 [.00,
.09]

F(1,27) ¼ 3.70 .07 .12 [.00,
.35]

Note. IG ¼ intervention group, CG ¼ control group. CI ¼ confidence interval. The 95% CI refers to the effect size partial h2.
a As we implemented an experimental design for the PD for language-support skills, we report the results of an ANCOVA, controlling for the pretest measures, in the body of

the paper. This procedure increases the statistical power of the analyses compared to a repeated-measures ANOVA (Rausch et al., 2010). As a robustness check, we additionally
performed a repeated-measures ANOVA, which we report here. Given the lower statistical power, this analysis revealed statistically insignificant but medium-sized effects for
the treatment condition and the interaction time x treatment condition.
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treatment effects, we conducted separate repeated-measures
ANOVAs, modelling time (pretest, posttest) as within-subject fac-
tor and treatment condition (IG, CG) as between-subject factor.
Teachers' PCK on Topics 1 and 2, as well as their self-efficacy for
teaching elementary school science served as dependent variables.
A very similar pattern of results emerged for PCK on Topic 1 and for
teachers’ self-efficacy for teaching elementary school science
(Table 5). In both cases, we found a significant main effect for time,
indicating that participants in both groups increased their PCK as
well as their self-efficacy over time. A significant group effect did
not emerge. Yet, we found a medium-sized, albeit not significant
interaction for group x time for both measures. These suggest that
the development from pretest to posttest may have been some-
what stronger for the IG than for the CG.

For teachers' PCK on Topic 2, however, no significant main or
interaction effects were found (Table 5). This means that the PD on
“evaporation and condensation” did not increase teachers’ PCK, as
measured by our test, neither for the IG nor for the CG.

4.2. PD effects on teachers’ classroom practice

We used the practice sample (Table 3) for investigating PD ef-
fects on teachers‘ classroom practice. Before investigating potential
IG and CG-differences in teachers’ language-supportive teaching,
we checked whether participants fully implemented the lesson
units on Topics 1 and 2. We used the videotaped lessons (90 min) of
both science topics and examined whether compulsory elements of
the lesson plans occurred in the lessons. On average, teachers
implemented 90.03% (SD ¼ 10.26%) of the elements included in the
lesson plan for Topic 1 and 88.97% (SD ¼ 9.55%) of the elements of
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the lesson plan for Topic 2.While the IG tended to implement fewer
elements of the lesson plans of both topics (Topic 1: t¼ 1.08, df¼ 21,
p ¼ .29, d ¼ 0.49, 95% CI [-0.42, 1.38]; Topic 2: t ¼ 1.37, df ¼ 22,
p ¼ .18, d ¼ 0.62, 95% CI [-0.29, 1.51]), both groups showed a high
degree of implementation fidelity.

Table 6 displays the descriptive statistics and correlations for the
classroom instruction variables. CLASS scores from 3 to 5 reflect
average instructional quality, thus indicating that participants of
both groups obtained medium results in all measurements except
for the CG results of quality of feedback for Topic 1. Post-hoc tests
revealed that both groups improved their instructional support
from Topic 1 to Topic 2 (Table 7). Moreover, the three dimensions of
instructional quality are strongly correlated within each teaching
unit (Table 6), while correlations between the same dimensions
across topics are smaller. This suggests a relatively low stability of
instructional quality across teaching units.

To answer our research question and test potential differences
between IG and CG in concept development, quality of feedback,
and language modeling, we performed two MANOVAs, one for
Topic 1 and one for Topic 2. We entered the treatment condition as
independent variable and the three CLASS dimensions of instruc-
tional support as dependent variables. For Topic 1, the IG was rated
significantly higher on quality of feedback, resulting in a large effect
size, F(1,22) ¼ 4.96, p ¼ .04, partial h2 ¼ .18, 95% CI [.00, .43]. As
expected, the IG also outperformed the CG on language modeling,
yielding a medium albeit not significant effect, F(1,22) ¼ 2.10,
p ¼ .16, partial h2 ¼ .09, 95% CI [.00, .33]. No group differences
emerged for concept development, F(1,22) < 0.01, p ¼ .98, partial
h2 < .01, 95% CI [.00, .00]. Contrary to our expectations, IG and CG
did not significantly differ on any of the three dimensions of



Table 6
Descriptive statistics and correlations for the practice measures by science topic.

# Science Topic Measure Intervention
Group

Control Group 1 2 3 4 5

n M SD n M SD

1 Floating and sinking (Topic 1) Concept development 7 2.93 0.98 17 2.94 0.95 e

2 Quality of feedback 7 3.00 0.65 17 2.41 0.57 .45* e

3 Language modeling 7 3.79 1.19 17 3.21 0.75 .70*** .56** e

4 Evaporation and condensation (Topic 2) Concept development 7 4.00 0.91 17 4.47 0.87 -.07 .05 -.17 e

5 Quality of feedback 7 3.14 0.75 17 3.53 1.12 .39 .33 .16 .59** e

6 Language modeling 7 4.14 0.80 17 4.00 0.94 .04 .48* .24 .63** .52**

Note.*p < .05, **p < .01, ***p < .001.

Table 7
Results of the post-hoc tests for comparing the practice variables across science topics.

Measure Factor Time Factor Treatment Condition

(Pretest, Posttest) (IG, CG)

F p partial h2 95% CI F p partial h2 95% CI

Concept development F(1,22) ¼ 18.47 <.01 .46 [.13, .64] F(1,22) ¼ 0.73 .40 .03 [.00, .15]
Quality of feedback F(1,22) ¼ 9.06 .01 .29 [.03, .52] F(1,22) ¼ 0.10 .75 .01 [.00, .03]
Language modeling F(1,22) ¼ 5.28 .03 .19 [.00, .44] F(1,22) ¼ 1.32 .26 .06 [.00, .29]

Note. IG ¼ intervention group, CG ¼ control group. CI ¼ confidence interval. The 95% CI refers to the effect size partial h2.
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instructional support in the lesson on Topic 2, but the CG tended to
show a slight advantage on concept development (concept devel-
opment: F(1,22) ¼ 1.40, p ¼ .25, partial h2 ¼ .06, 95% CI [.00, .29];
quality of feedback: F(1,22) ¼ 0.69, p ¼ .41, partial h2 ¼ .03, 95% CI
[.00, .25]; language modeling: F(1,22) ¼ 0.12, p ¼ .73, partial
h2 ¼ .01, 95% CI [.00, .17]). Group differences were thus not stable
across time points.
5. Discussion

The present study investigated the effects of a newly developed
PD program aimed at improving in-service teachers’ skills for
providing language support in regular elementary school science
classrooms. The PD programwas implemented over the course of a
full school year. It included PD courses on important elementary
school science topics (for IG and CG) as well as theoretical and
application-oriented training on content-integrated language sup-
port based on the scaffolding approach (for IG only). We used
outcomemeasures of teacher cognitions and classroom practices to
evaluate the program, hence focusing on evaluation Levels 2 and 3
(Kalinowski et al., 2020; Lipowsky & Rzejak, 2015).

Regarding teachers' knowledge on language support, we found
that the IG outperformed the CG in the posttest, controlling for
pretest scores, thus pointing to the effectiveness of the interven-
tion. As for the PD on elementary school science, results revealed
positive treatment effects on teachers’ PCK on Topic 1 (“floating and
sinking”) and on their self-efficacy for teaching elementary school
science, but not on their PCK on Topic 2 (“condensation and
evaporation”).

With regard to teachers’ classroom practice, we expected the IG
to outperform the CG on the dimension of language modeling, but
not on the dimensions of concept development and quality of
feedback, as the latter two do not specifically focus on language-
stimulation and language-facilitation (Pianta et al., 2008). Respec-
tive differences between IG and CG were observed for Topic 1.
Specifically, quality of feedback was better in the IG than in the CG.
IG-teachers also tended to incorporate language modeling to a
higher degree into their lesson on Topic 1 than CG-teachers. For
Topic 2, no significant effects emerged. Although group differences
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for Topic 1 were not sustained over time, we found that both groups
provided better instructional quality in Topic 2 than in Topic 1, as
reflected in all three CLASS dimensions.

Previous evaluation studies, most of which were conducted in
the US and focused on ELLs, provided evidence that teachers may
profit from PD for language support in various respects (e.g., self-
efficacy for forstering students language skills during content
classes, self-assessed knowledge; Cantrell & Hughes, 2008; Hart &
Lee, 2003; Kalinowski et al., 2020; Kalinowski et al., 2019; van Dijk
et al., 2019). This is basically in line with our finding that an
intensive teacher PD on content-integrated language support,
combining phases of input, practice, and reflection (cf. Lipowsky &
Rzejak, 2015), contributes to teachers' knowledge and, at least to a
certain extent, to classroom practice. Yet, whereas we identified
larger PD effects on teachers’ cognition (measured by knowledge
on content-integrated language support) than on language-
supportive classroom practices, Kalinowski et al. (2020) report
the reverse pattern in their meta-analysis.

In interpreting the results, it should be considered that research
on the effectiveness of teacher PD for (academic) language support
in mainstream classrooms is still at an early stage and that there is a
large variability across studies in terms of underlying PD concepts,
study designs, and methods. The number of studies focusing on
treatment effects at Level 2 is generally small and most published
studies relied on self-assessments in measuring effects on teachers'
knowledge and beliefs (e.g., Cantrell & Hughes, 2008; Lee &
Maerten-Rivera, 2012). Our results, in contrast, are based on data
collected with an objective test instrument. Furthermore, studies
investigating PD effects on teachers' language-support behavior in
the classroom typically employ newly developed instruments that
are closely alignedwith the PD contents but have not been used and
validated independently of the specific study (for an overview, see
Kalinowski et al., 2020). Considering that treatment effects tend to
be larger on researcher-developed measures than on well-
established, standardized instruments (Babinski et al., 2018;
Kalinowski et al., 2020), the smaller IG-CG-differences in the pre-
sent study may, at least in part, be due to characteristics of our
observation instrument. The well-established CLASS instrument
includes various important aspects of language-supportive
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teaching that were focused in our PD (e.g., self- and parallel talk,
open-ended questions) but does not specifically draw on the scaf-
folding approach for fostering students’ language development
(Pianta et al., 2008).

Furthermore, a core characteristic of the PD program may have
contributed to the IG-CG-differences that emerged for Topic 1 but
not for Topic 2, i.e., that IG teachers showed larger learning gains in
PCK for Topic 1 and that IG and CG differed in language modeling
and quality of feedback during the lesson on Topic 1, but not on
Topic 2. As we took great care to help teachers integrate language-
support strategies into their regular science teaching, the PD pro-
gram for language support was embedded in the framework of the
lesson unit on “floating and sinking”. This means that the scaf-
folding approach was introduced using examples from the teaching
unit on Topic 1, the lesson plans contained suggestions for language
support, and teachers implemented at least two lessons of the
curriculum for Topic 1 during the application phase of the PD. IG-
teachers thus had substantially more opportunities than CG-
teachers to familiarize themselves with the “floating and sinking”
curriculum and could benefit from specific suggestions for inte-
grating language-support strategies into their subject-area teach-
ing. In contrast, both groups received identical PD and teaching
materials (without didactical comments on language support) for
Topic 2.

Results further indicated that teachers of both groups showed a
higher degree of instructional support in teaching Topic 2 than in
teaching Topic 1. This might be due to specific characteristics of the
curriculum on “floating and sinking”, which included challenging
concepts, such as water displacement and buoyancy force. It also
involved the targeted use of a multitude of teaching materials (e.g.,
water basins and cups in different sizes, real objects such as dices
and balls from different materials) and was therefore highly
demanding with regard to classroom organization.

The amount of opportunities to learn may also help explain the
finding that the PD on Topic 2 did not benefit teachers' PCK on
“evaporation and condensation”. For this topic, both groups
participated in a 5-h PD course but did not teach the contents in
their classes before taking the written posttests. Considering the
IG's learning gains on Topic 1 and their intense engagement with
this topic over a longer period of time, the null effects for Topic 2
might indicate that the theoretical training needs to be extended by
practical teaching experience in order to effectively increase
teachers' PCK. Although the PD training combined phases of input,
reflection, and practice (e.g., Darling-Hammond et al., 2009), the
dosage of a single PD course probably was not enough for yielding
measurable effects.

5.1. Limitations

There are a number of limitations to the present investigation.
First and foremost, analyses are based on a small convenience
sample of 32 in-service teachers (24 for the practice variables) from
two German federal states. Sample attrition during the PD phase
resulted in a confounding of treatment condition and location.
Whereas the IG reportedmore opportunities to learn on the topic of
language support during their university education than the CG,
thus suggesting greater prior experience with and interest in the
topic, the groups did not differ in their pretest scores on the mea-
sure for language-support skills. Pretest differences between IG and
CG only occurred for PCK on Topic 1 and were compensated by the
PD.While the effects of the confounding thus seem to be negligible,
the results still need to be interpreted with caution and cannot be
generalized to elementary school teachers overall. Moreover, due to
the small sample size, the estimation of the effect sizes is subject to
a relatively high degree of inaccuracy as reflected in the breadth of
11
the confidence intervals. These indicate that, in many instances,
both relatively strong effects but also null effects might be detected
when repeating the study. While acknowledging this shortcoming,
it is worth mentioning that small sample sizes are a common, and
perhaps even inevitable, challenge of studies aimed at evaluating
complex, intensive, and time-consuming teacher PD for language
support. Of the studies included in the meta-analysis by Kalinowski
et al. (2020), for instance, six out of 10 included less than 35 par-
ticipants (for further examples not included in the meta-analysis,
see Batt, 2010; Rivard & Gueye, 2016; Tong et al., 2018; van Dijk
et al., 2019).

Second, we neither interviewed teachers regarding their
teaching practices, nor videotaped their classroom teaching before
participating in the PD program. Pre-post-comparisons were
therefore only possible for the written assignments but not for
teachers' instructional support. Although it seems reasonable that
differences between IG and CG may be due to the different treat-
ment conditions, given the PD effects on teachers' language-
support skills, it is not possible to test this directly with our data.
We did, however, establish a high degree of comparability within
and across groups by having all teachers implement the same
curricula and by videotaping the exact same lessons in every
classroom. Therefore, factors that could bias the assessment of
teachers’ instructional quality (e.g., different work phases with
different opportunities for language modeling, topics that are
linguistically more challenging than others) were minimized.

Third, although we analyzed both cognition measures and
practice measures, our study included only a small range of
outcome variables. Specifically, the present study does not allow for
investigating teachers' implementation of the macro-scaffolding
components of the scaffolding approach (i.e., analysis of a topic's
linguistic demands, formulation of language-related learning goals
during lesson planning, etc.). These preparatory steps are particu-
larly important for targeted language support but tend to be
implemented very infrequently (Elstrodt-Wefing et al., 2019; Vock
et al., 2020). As a result, the language-support strategies used in
classroom teaching may not be as efficient as they could be if they
referred more deliberately to the specific linguistic demands of a
given topic.

6. Conclusion

The present findings support the notion that teacher PD, which
is delivered over an extended time period and engages participants
in active learning phases, combined with feedback and reflection,
contributes substantially to teachers' knowledge for subject-
integrated language support and may support them in incorpo-
rating language-support strategies into their regular science
teaching. Given the limited number of studies that systematically
evaluated effects of teacher trainings in language support across
the curriculum, particularly outside the US, results of the present
investigation may motivate future research and practice. Having
established measurable effects at Levels 2 and 3, further research is
needed to examine whether teachers' learning gains translate into
students' (academic) language development and, if so, which as-
pects of teachers’ instructional behavior are particularly beneficial.

Taking a broader perspective on teacher training for subject-
integrated language support, effective PD for in-service teachers
is needed in different countries (e.g., Lucas et al., 2008), including
Germany (Paetsch & Heppt, in press). The present PD yielded
promising results, increasing participants' language-support skills
and behavior. The curricula employed are widely applicable to early
science instruction based on core science concepts. Given the
usefulness of the scaffolding approach with respect to other sub-
jects and grade levels, the present PD may lay the foundation for
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further PD, including programs that are aimed at secondary school
teachers. Yet, our PD also entails characteristics that may impede its
implementation on a broader scale (cf. Paetsch&Heppt, in press). It
comprised several time and labor-intensive training and coaching
sessions and required teachers’ ongoing participation for an entire
school year, although most teacher PDs in Germany are substan-
tially shorter (Morris-Lange et al., 2016; Richter et al., 2020).
Considering that teachers in Germany typically report a high work
load, thus limiting their time for participating in PD (Richter et al.,
2020), the individual commitment needed to participate in PD over
such an extended period of time constitutes a challenge for both
implementation and evaluation (cf. Geldenhuys & Oosthuizen,
2015). Moreover, the relatively high level of standardization of
our intervention study is not easily achieved in practice. Therefore,
implementation research is needed on the feasibility and effec-
tiveness of possible program adaptations that can help prepare
teachers for language-supportive teaching across the curriculum.
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