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In this study, we examined the effects of teaching internships and related
opportunities to learn, such as conducting lessons or reflecting on teaching
practice, on the three facets of teacher noticing, perception, interpretation, and
decision-making. Cross-lagged effects of these facets were examined to include
reciprocal influences of the facets on each other and to facilitate insights into
the development of teacher noticing and how its three facets can predict this
development. In detail, this study addressed the research questions of whether
and to what extent teacher noticing changes over the course of a teaching
internship and how teaching internship process variables influence changes in
teacher noticing skills. Based on a sample of 175 preservice teachers from six
German universities, we studied professional noticing using a video-based pre-
and posttest approach. The results indicated a significant improvement in all
three facets of teacher noticing over the course of the internship with small
effect sizes, and interpretation was a key facet in this development, having an
autoregressive impact as well as influencing the development of perception and
decision-making. Only some opportunities to learn within the teacher internship
showed a significant impact on teacher noticing skills. For instance, connecting
theory and practice and reflecting on practice seemed to foster teacher noticing
skills, while the sole process of teaching had no effects on interpretation or
decision-making, and even had a negative effect on perception. Overall, the
study demonstrated the potential of teaching internships for the development
of preservice teachers’ noticing skills and highlighted areas for improvement.

KEYWORDS

initial teacher education, teacher noticing, teaching internships, teaching practice,
teaching practicum, mathematics secondary education, preservice teachers

1 Introduction

An important goal of the university-based phase of teacher education is to provide
learning opportunities for preservice teachers (PSTs) so that they can acquire the knowledge
and skills necessary for their professional school practice and, in particular, its core, sound
teaching skill (Potari and Chapman, 2020). However, research suggests that PSTs often struggle
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to recognize their university learning as relevant to their future
professional practice as teachers, and they thus demand more school
practice and practice-oriented courses to alleviate the tension between
theory and practice (Hascher, 2014; Ulrich et al., 2020). However, it
may occur as risk that PSTs merely adopt established school practices
without reflecting on them (Ozgiin-Koca and [lhan Sen, 2006; Chitpin
et al, 2008; Ulrich et al, 2020). This risk can be mitigated by
integrating practical activities into university studies via teaching
internships' and a strong focus on theory-practice linkage, that is, the
establishment of links between theory and practice and the
contextualization of theory in practice (Konig and Blomeke, 2012;
Scholten and Orschulik, 2022).

Phases of school practice based on this premise are characterized
by university educators providing institutionalized support for PSTs
or specialized state-run teacher education institutions offering theory,
knowledge, and guidance to accompany practical experiences of
teaching, although the extent of this support varies (Lawson et al.,
2015; Ulrich et al., 2020; Terhart, 2021). Classroom teaching as a core
activity of this school practice involves, among others, perceiving
classroom activities, attending to meaningful events, dealing with
complex and challenging situations, and further processing and
incorporating them into teaching practice (van Es and Sherin, 2002;
Sherin et al,, 2011). These skills are often conceptualized as teacher
noticing, also referred to as professional vision® (Konig et al., 2022b)
and constitute a central, situation-specific facet of teachers’
competence that is more proximal to students’ learning processes and
teachers’ performance in classroom situations than knowledge
(Blomeke et al., 2022). To learn effective teaching and progress in their
expertise development as teachers, PSTs must develop teacher noticing
skills (Berliner, 1988; Fernandez and Choy, 2019; Bastian et al., 2022).
However, the structure and characteristics of teachers’ noticing remain
debatable among researchers, as different theoretical perspectives and
research traditions have shaped the academic discourse on
conceptualizations and the development of teacher noticing
(Fernandez and Choy, 2019; Amador et al., 2021; Dindyal et al., 2021;
Konig et al., 2022b). A cognitive-psychological perspective, which
provided the theoretical foundation for this study, has been identified
as the most influential perspective in the current discourse and is often
used in standardized research on teacher noticing (Konig et al., 2022b;
Weyers et al., 2023b). This perspective views teachers’ noticing as a set
of cognitive processes that occur within individual teachers during
classroom instruction (van Es and Sherin, 2002; Jacobs et al., 2010;
Seidel and Stiirmer, 2014).

In contrast, a sociocultural perspective emphasizes the social
construction of professional vision (Goodwin, 1994), a discipline-
specific approach introduced by Mason (2002) focuses on fostering

1 In this study, we use the term teaching internship to describe long-term
practical activities integrated in teacher education at universities.

2 Inthe current discourse, the terms teacher noticing and professional vision
are employed as comparable and overlapping, situation-specific constructs
(Weyers et al., 2023b). In the current study, we use the more common term
(teacher noticing; Konig et al., 2022b) to describe this construct and our own
conceptualization of it. However, since the characteristics of the facets
delineated in the research on noticing and professional vision vary, we employ

the authors’ terminology when referring to specific studies.

Frontiers in Education

10.3389/feduc.2024.1360315

individual teacher’s noticing, and an expertise-oriented perspective
rooted in the expertise paradigm (Berliner, 1988; Stigler and Miller,
2018) investigates differences between novices and experts’
perceptions and interpretations, and the development of teachers’
noticing toward expertise. Emerging approaches place greater
emphasis on the sociopolitical contexts and reciprocity of teacher
noticing. For example, Louie et al. (2021) examined framing as an
essential part of noticing in their FAIR framework, Scheiner (2021)
highlighted the active, exploratory role of teachers in noticing and the
reciprocal nature of perceivers and their environment with the
embodied ecological approach, and Dominguez (2019) discussed
noticing as a reciprocal process between teachers and students.

Despite these different perspectives on the construct, PST’s
noticing skills are generally expected to develop through school
practice as part of teaching internships in initial teacher education and
to indicate change over the course of teaching internships, since these
skills are deemed to mediate between PSTs dispositions and
performance, and thus also to link theory to practice (Blomeke et al.,
2015a; Mertens and Grisel, 2018).

However, despite the fact that teaching internships are the most
expensive and organizationally challenging components of initial
teacher education, empirical evidence on the effects of teaching
internships in general and particularly on teacher noticing is
somewhat limited and often based on datasets drawn from single
universities. Furthermore, most relevant studies have only examined
PSTS’ self-assessments of their competencies (Konig and Rothland,
2018). Thus, to date, findings on the impact of teaching internships on
PSTs’ development have rarely employed standardized, longitudinal
measures of competencies going beyond the own institution (Lawson
etal, 2015; Ulrich et al., 2020). Moreover, the development of teacher
noticing skills and, in particular, the effects of process variables, such
as opportunities to learn during internships, on teacher noticing have
scarcely been investigated (Ulrich et al., 2020). In general, data from
longitudinal pretest-posttest studies on the development of teachers’
noticing skills are limited (Konig et al., 2022b; Weyers et al., 2023b),
although they are needed to explore connections among the
development of the facets of teachers’ noticing (perception,
interpretation, and decision-making) and how they support each
other over time, particularly over the course of teaching internships
(Superfine et al., 2017; Thomas et al., 2021).

In this study, we aimed to address these research gaps concerning
teaching internship by analyzing German secondary PSTs’ pre- and
posttest results based on an established and standardized video-based
measurement instrument for teacher noticing from a general
pedagogical and mathematics pedagogical perspective, administered
before and after their teaching internships, and relating them to the
characteristics of the individual internship experiences of the PSTs.
Specifically, we examined the reciprocal effects of the facets of teacher
noticing (research question 1), changes in PSTS noticing skills
(research question 2), and the influences of opportunities to learn on
these changes (research question 3) over the course of the teaching
internship at six German universities. In doing so, we provide new
empirical insight into school experiences in initial teacher education
that are an essential part of teacher education worldwide (Cohen
et al., 2013; Lawson et al., 2015; Cabaroglu and Oz, 2023), and
empirical evidence on the extent to which teaching internships can
promote teacher noticing skills as a core component of
teacher competence.
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2 State of the art, theoretical
framework, and research questions

In this section, we present the current state of the art research on
teacher noticing and describe our own conceptualization. We then
summarize relevant research on the effects of teaching internships in
general and on teacher noticing in particular. Finally, we describe our
research questions.

2.1 Teacher noticing

Major research themes in teacher noticing include, in particular,
mathematics and mathematics pedagogical topics such as students’
mathematical thinking (Jacobs et al., 2010) or ways of dealing with
representations (Dreher and Kuntze, 2015), and general pedagogical
topics, such as classroom management (Gold and Holodynski, 2017;
Weber et al., 2018). Recent studies exploring teachers’ noticing have
considered dealing with heterogeneity (Keppens et al., 2021) and
sociopolitical dimensions, such as ethnicity or socioeconomic
background (Shah and Coles, 2020; Louie et al., 2021), as well as
strength-oriented noticing (Scheiner, 2023).

Based on a cognitive-psychological approach, teacher noticing is
widely understood as paying attention to or perceiving classroom
events, interpreting these events, and—in some conceptualizations—
employing decision-making processes to act/react based on the
interpretations (Sherin et al., 2011; Dindyal et al., 2021; Konig et al.,
2022b). For example, Jacobs et al. (2010) focused in their seminal
work on children’s mathematical understanding, distinguishing three
facets of teachers’ noticing: attending to children’s mathematical
strategies, interpreting their understanding, and deciding how to
respond. Although the facets of teachers’ noticing support each other
and may give the impression that noticing in the classroom is a linear
or even chronological process (van Es, 2011), from a theoretical
perspective, they are understood as deeply “interrelated and cyclical”
(Sherin et al,, 2011, p. 5), operating through complex interactions
(Kaiser et al., 2015; Santagata and Yeh, 2016; Thomas et al., 2021). This
circular modeling of in-the-moment teachers noticing is often
expressed as perception <« interpretation < decision-making
(Santagata and Yeh, 2016; Thomas et al., 2021).

However, little empirical attention has been paid to these
relationships and their nature, despite knowledge of them being
crucial for comprehending teachers’ noticing and its effects in the
classroom (Thomas et al., 2021). Some studies have claimed that
perception and interpretation, and interpretation and decision-
making, are more closely related than perception and decision-
making, providing some insight into the internal structure of the
construct teacher noticing (Thomas et al., 2021; Bastian et al., 2022),
but less is known about the development of the facets’ relationships
over time and how they influence and change each other. This
deficiency may be explained by the lack of quantitative pretest—
posttest studies on teacher noticing (Konig et al., 2022b).

One exception is a study by Jong et al. (2021), who examined
changes in PSTs noticing skills over the course of one semester. They
reported a significant effect of perception at Time 1 (T1) on perception
at Time 2 (T2, f=0.27) and similar results for interpretation
(B =0.35), but no such association between decision-making at T1
and T2. In addition, only one cross-lagged path was significant (the
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one from interpretation at T1 to perception at T2 [ =0.16]),
indicating an effect of interpretation on perceptual skills. These results
were consistent with a study by Superfine et al. (2017), which
demonstrated that it may be better to foster interpretation skills before
perceptual skills. In our study, we further analyzed the cross-lagged,
reciprocal effects of the three facets of teacher noticing to provide a
clearer picture of their relationships.

2.2 Conceptualization of teacher noticing
in the teacher education and development
study in mathematics (TEDS-M) research
program

Competence can be conceptualized as a set of cognitive skills and
abilities needed to successfully cope with the demands of professional
situations, including the motivational, volitional, and social
willingness to apply them (Weinert, 2001). Following this
conceptualization, competence research at first particularly focused
on cognitive dispositions of teacher such as their professional
knowledge (Kunter et al., 2013). To consider the situation-specificity
of competence, conceptualizations have been further developed in
recent years based on complementary components, such as teacher
noticing (Kaiser et al., 2017; Metsépelto et al., 2021). For example,
Blomeke et al. (2015a) conceptualized competence as a continuum
between dispositions (e.g., knowledge) and actual classroom
performance, and they included perceiving, interpreting, and
decision-making as mediating skills to emphasize the situation-
specific aspects of competence. These skills, which we describe as
teacher noticing, contextualize knowledge and affects and link them
to teachers’ actual performance. Thus, they also connect theory
learned in initial teacher education to practice in the classroom.

The TEDS-M research program includes situation-specific skills
in the measurement of teachers’ professional competencies by
incorporating teacher noticing as an integral part in the competence
framework since the TEDS-Follow-Up (TEDS-FU) study (Kaiser
et al, 2017). Based on the model by Blomeke et al. (2015a),
we conceptualize teacher noticing as consisting of three facets: (1)
perception of specific classroom events, (2) interpretation of the
perceived events, and (3) decision-making, that is, the preparation of
responses to student actions or alternative instructional strategies
(Kaiser et al.,, 2015). This can be classified as an analytical and
cognitive-psychological conceptualization of teacher noticing (Konig
et al, 2022b). A cognitive-psychological approach was chosen to
model and measure the cognitive processes involved in teacher
noticing and to compare the skills of groups of teachers as well as the
development of individual teachers over time (Konig et al., 2022b).
The approach allows for a standardized and feasible operationalization
of the noticing facets and is thus commonly applied in the
psychometric measurement of teacher noticing (Weyers et al., 2023b).

Based on studies from the expertise research (Berliner, 1988;
Stigler and Miller, 2018), the first facet of teacher noticing in our
conceptualization involves perceptual processes with no or only
minimal interpretation (Bastian et al., 2022), encompassing the
observation of clearly discernable incidents that happen in classroom.
The second facet, interpretation, involves the analysis of observed
events based on an individual’s knowledge, experiences, and beliefs,
excluding the consideration of instructional responses to these events.
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This, in turn, is part of the third facet of teacher noticing that includes
the development of possible continuations of the lesson, responses to
student behavior, and alternative approaches to observed teacher
actions (Yang et al., 2021). At the content level, our conceptualization,
used in this study, does not focus only on one topic, such as children’s
mathematical understanding, but encompasses a broad field of
classroom situations and features that are relevant to high-quality
mathematics education from general and mathematics pedagogical
perspectives, such as perceiving effective classroom management,
analyzing the use of different representations, interpreting students’
mathematical thinking, or making decisions about teaching and
learning processes (Kaiser et al., 2015; Yang et al., 2021).

2.3 Effects of teaching internships during
university teacher education

Over the past 20 years, a growing body of research has considered
teaching internships and their impact on all stakeholders, particularly
PSTs (see reviews by Lawson et al., 2015; Ulrich et al., 2020). Early
studies revealed the crucial role of teaching internships in the self-
perceived personal and professional development of PSTs (e.g., Caires
and Almeida, 2005), and more recent literature has demonstrated the
positive impact of teaching internships on the beliefs, self-efficacy, and
motivation of PSTs (Ng et al., 2010; Seifert and Schaper, 2018; Garcia-
Lazaro et al., 2022). Mentors foster the development of their mentees
and play a crucial role in how PSTs use and perceive their teaching
internships (Hudson and Millwater, 2008; Konig et al., 2018b; Festner
et al., 2020; Garcia-Lazaro et al., 2022). In addition, research has
suggested that professional competencies, which, in this context, are
often distinguished as teaching, educating, assessing, and innovating,
are expanded during teaching internships (Groschner et al., 2013;
Seifert et al., 2018).

However, these studies have usually been based solely on PSTs’
self-assessments of their own competencies and have not applied
objective tests to measure PSTS’ professional competencies (Ulrich
et al,, 2020). Consequently, evidence of competence gains is limited,
although there are some exceptions. Recent studies within the
Learning to Practice project have used knowledge tests to assess PSTs’
general pedagogical knowledge, have combined and linked these with
self-assessment measures, and demonstrated improvements in
complex decision-related knowledge among student teachers from
three different universities. Reflection and theory—-practice links were
shown to facilitate this improvement (Konig et al, 2018a).
Furthermore, the incorporation of reflection activities and the
establishment of links between theoretical concepts and school
practice have the potential to enhance knowledge development, as
shown by Schlag and Glock (2019). They conducted an analysis of
classroom management knowledge using standardized tests and
highlighted the significance of practice activities in the acquisition of
classroom management knowledge. In summary, although teaching
internships have been examined in several studies, research gaps
remain regarding the investigation of teachers competence
development using standardized measures (Ulrich et al., 2020).

To date, situation-specific facets of competence, such as teacher
noticing, have scarcely been investigated in the teaching internship
context (Ulrich et al., 2020). However, in a more general context,
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comparisons between teachers with different durations of experience
have emphasized the critical role of teaching experiences in the
development of teachers’ noticing (e.g., Jacobs et al., 2010; Gold and
Holodynski, 2017; Yang et al., 2021; Bastian et al., 2022). In these
studies, PSTs performed worse than in-service teachers on
standardized tests of teachers’ noticing (Bastian et al., 2022). Thus,
practical experiences in schools (e.g., teaching internships) should
facilitate the development of PSTS’ teacher noticing. This hypothesis
was confirmed in a study by Stiirmer et al. (2013), who investigated a
five-month teaching internship at a German university, focusing on
perceptual and interpretive facets of teachers’ general pedagogical
noticing conceptualized as professional vision. They demonstrated
increases (n7=0.09, corresponding to an effect size of d=0.63; Lenhard
and Lenhard, 2016-2022) in both facets using the video-based test
Observer (Seidel and Stiirmer, 2014).

These findings were replicated by Mertens and Grésel (2018) for
a holistic understanding of professional vision, which included
perceptual and interpretive aspects, based on five-month teaching
internships via another university. The increase in teachers’ noticing
skills had a large effect size (d=0.79) and was validated using a control
group (Mertens et al., 2018; Mertens and Grésel, 2018). Further
evidence suggests that teaching internships benefit PSTs with weak
teacher noticing skills, helping them to develop these skills (Stiirmer
et al., 2013; Orschulik, 2020).

In a similar study exploring the effects of two short-term (seven-
week) practical activities at a German university, Weber et al. (2018)
reported no significant development in the classroom management
and general pedagogical knowledge-related facets of holistic
professional vision for PSTs who participated in the practical activities
without accompanying institutionalized reflection and feedback. In
contrast, a group of PSTs who received peer and expert feedback on
their videotaped lessons and gave feedback themselves significantly
improved their skills, with a large effect size of d=1.10 (Weber et al.,
2018). Focused accompanying intervention to link theory and practice
seems to support the development of teachers’ noticing skills (Stiirmer
et al., 2013; Scholten and Orschulik, 2022).

However, until now the development of decision-making skills
during teaching internships has not been investigated, and subject-
specific insights in the noticing of mathematics teachers are lacking.
Moreover, the influence of process variables (i.e., PSTS individual
teaching experiences and opportunities to learn within the internship)
on the development of teacher noticing has not been examined before
but are needed to assess benefits of teaching internships as an
important part of initial teacher education and to provide first
explanations for the development. Overall, previous results have been
based solely on data collected at single universities, thus limiting their
generalizability. Our study addressed this broad research gap.

2.4 Research questions

Based on current state-of-the-art research and the accompanying
research desiderata, we aimed to investigate the reciprocal influences
of the facets of teachers’ noticing over the course of teaching
internships and the influences of teaching internships and their
process variables on the development of PSTs teacher noticing.
Therefore, we considered the following research questions:
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1 To what extent do the facets of teachers’ noticing at the
beginning of teaching internships condition change over the
course of the internships, considering autoregressive and cross-
lagged effects?

2 To what extent do teaching internships affect changes in
teachers’ noticing skills?

3 To what extent do certain teaching internship process variables
(i.e., learning time, teaching practice activities, and mentor
support) influence teachers’ noticing skills?

3 Methodological approach

3.1 Context of the study: teacher education
in Germany

In this section, we briefly introduce teacher education in Germany
and describe the characteristics of teaching internships to place the
study in its context, to facilitate the understanding of our research
design, methodology, and findings, and to enable researchers to
connect our findings to the practical experiences in teacher education
in their countries, as teaching internships have been identified as a
crucial part of teacher education worldwide (Cohen et al., 2013;
Lawson et al., 2015; Cabaroglu and Oz, 2023).

In general, teacher education in Germany consists of three main
phases, the first two constitute initial teacher education: (1) higher
education at universities and pedagogical universities, (2) practical
teacher training (known as preparatory service or induction) through
specific state-based teacher seminars, and (3) elective professional
development courses, which accompany professional practice as an
in-service teacher following the first two phases of teacher education
(Drahmann, 2020; Eckhardt, 2021).

In Germany, the exact design and organization of teacher
education depends on the federal state (Bundesland) in which it is
conducted, although shared norms and principles exist (Cortina and
Thames, 2013). Several different types of schooling have been
implemented for German secondary education (the focus of this
paper): teaching at academic-track schools (Gymnasium), teaching at
non-academic track schools, teaching at intermediate forms which
combine academic and non-academic track education, teaching at
vocational schools and special needs teaching (Cortina and Thames,
2013; Drahmann, 2020). For each type, PSTs must study two school
subjects, with the exception of special needs education. University
study is divided into four areas: subject matter, subject-related
pedagogy, general pedagogy, and practical activities in school
(Drahmann, 2020).

Due to the identified gap between theory and practice in teaching
and teacher education (Konig and Rothland, 2018), connecting these
practical activities with academic opportunities to learn has become
increasingly important recently. Hence, school practical studies have
been reorganized and reshaped in the wake of the Bologna reforms,
that is, the transformation from a traditional state examination system
to a bachelor-master-system comparable within Europe (Schubarth
etal, 2012; Drahmann, 2020; Terhart, 2021). They are usually spread
over several semesters of university teacher education depending on
the federal state and aim to achieve several goals: professional
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orientation, competence improvement by linking theory and practice,
and the development of teaching abilities (Konig, 2019).

In all federal states, PSTs undertake some extensive, long-term
(i.e., lasting several months) practical activities in schools in the
master’s phase of their university teacher education to link theory with
practice, which is often referred to as a teaching internship or (long-
term) teaching practicum (Groschner et al., 2015; Ulrich et al., 2020)
and is, again, the focus of this paper. During their teaching internships,
PSTs attend a school of their teaching type and participate in almost
all aspects of daily school life. In particular, they are required to
observe a certain number of lessons taught by in-service teachers and
to teach lessons themselves under supervision. Mentors (i.e., in-service
teachers at the school) support the PSTs in practical matters during
their internships, while teacher educators from the university, and in
some federal states, from the state-run teacher training seminars of
the second phase of teacher education, facilitate the theory-
practice linkage.

3.2 Sample

To address the aforementioned lack of studies based on multiple
universities, the sample consisted of 175 secondary mathematics
education PSTs from six universities (Hamburg, Cologne, Miinster,
Paderborn, Vechta, and Wiirzburg) in four German federal states who
participated in an online survey before and after their (long-term)
teaching internships between spring 2019 and fall 2021. At T1, 313
PSTs participated in the survey. The panel sample decreased with a
panel attrition of 44% due to lack of participation at T2. Since the
process variable data were collected at T2, these individuals were
missing not only the T2 ability scores but also important predictor
variables and were therefore excluded from the final panel sample.
Data imputation was not possible because the missing predictor
variables would have led to a circular process. Teaching internships
were conducted at the master’s level for all universities except
Wiirzburg. Since initial teacher education in Bavaria is organized as a
state examination with no division between bachelor’s and master’s
programs, PSTs from Wiirzburg participated in the survey during
their 5th or 6th semesters of study. The demographic sample statistics
are presented in Table 1.

3.3 Study design, assessment instruments,
and scaling

Deploying a pretest—posttest design, we administered a survey to
the participants via an online platform before their teaching
internships (at T1) and after they completed their internships (at T2)
in the frame of the TEDS-Validate-Transfer research project. Each
questionnaire took approximately 90min to complete. At T1,
we obtained demographic data and measured teachers’ noticing using
avideo-based instrument. At T2, the latter measure was repeated and
supplemented with an assessment of process variables related to
teaching internships: learning time, teaching practice activities, and
mentor support. PSTs received a small financial reward for their
participation. Data were collected and processed according to the
requirements of the General Data Protection Regulation.
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3.3.1 Instrument for measuring teacher noticing
We employed an established instrument developed in the
TEDS-FU study to measure teachers’ noticing (Kaiser et al., 2015). It
comprised three scripted (i.e., staged) video-vignettes, which ranged
in length from 2.25 to 3.5min and were presented in random order.
The vignettes represented 9th to 10th grade lessons and covered a
range of mathematical topics (e.g., surface and volume calculations,
functions, and modeling) and teaching phases, such as introducing a
mathematical task, working on it, and conducting a class discussion
of the results (Kaiser et al., 2015). Prior to watching each video-
vignette, the PSTs were provided with background information about
the depicted class, pedagogical remarks, and the mathematical content
to be addressed. They then viewed the corresponding video-vignette
once and were asked to respond to 77 open-response and Likert-type
rating-scale items that assessed their teacher noticing skills in
perception (1 =24), interpretation (n=41) or decision-making (n=11)
with either a mathematics pedagogical or general pedagogical focus.
The use of Likert scales, which is a widely used approach to
measuring teacher noticing (Keppens et al., 2021; Weyers et al., 2023b)
and have already been used to evaluate teaching internships (Mertens
and Grisel, 2018), enabled a timesaving but accurate assessment of
teachers’ perceptions, interpretations, and decisions regarding distinct
incidents. They were complemented by open-response items that
allowed for the testing of more complex situations. The use of scripted
video-vignettes and permitting only one-time access allowed for
manageable and cognitively activating measurements that were
strongly related to the classroom environment and realistic
instructional situations (Piwowar et al., 2018; Santagata et al., 2021).
The rating-scale items comprised a statement and a four-point
Likert response scale for assessing it. The example item in Figure 1 was
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used to assess the perception of a specific classroom event. The
interpretation item in Figure 2, related to the mathematics pedagogical
perspective, asked the participants to analyze a student’s solutions to
volume and surface calculations and to name indicators that support
the hypothesis of the student’s preference for formal mathematical
approaches. The decision-making item in Figure 3 regarding general
pedagogy and inclusive education asked about dealing with class
heterogeneity and possible changes in the course of instruction to
better address this heterogeneity.

All items were scored dichotomously as correct (1) or incorrect
(0), with the exception of five open-response partial-credit items
coded 0 to 2 or 0 to 3. To evaluate the quality of the instrument and
determine the correct and incorrect answers for the rating scale items,
expert reviews were conducted during the development of the
instrument (see Hoth et al., 2016, for details). Based on theoretical
considerations and expert judgments, we created a detailed coding
manual for scoring the open-response items. It consisted of
comprehensive descriptions and multiple anchor examples to clarify
the correct responses. The instrument’s reliability was assessed using
Cohen’s kappa (Cohen, 1960) and double-coding for 20% of the
responses to investigate intercoder agreement for each item. The
resulting values (Kpeu =0.80, Ky =0.47, Ko =1.00) indicated good
overall intercoder reliability. We excluded five items with poor
intercoder reliability due to a low frequency of correct responses.
These items were discussed in detail by the raters and then coded
by consensus.

The validity of the measurement instrument was examined
through extensive workshops with experts in mathematics pedagogy
and general pedagogy, focusing on the authenticity of the portrayed
classroom situations and the adequacy of the test items, as well as

TABLE 1 Descriptive characteristics of the total sample and the groups of different universities.

University Gender Age NN Gl Grade® Teacher education program (%)
(Abiture)
% Female M (SD) M (SD)
Hamburg 21 714 25.5(2.2) 106 (3.8) 2.1 (0.60) 57.1 0 429 0
Cologne 49 61.2 25.9 (3.2) 9.7 (2.8) 1.8 (0.58) 143 83.7 0 2.0
Miinster 64 56.3 25.8 (4.0) 9.7 (2.1) 2.1(0.56) 26.6 67.2 0 63
Paderborn 5 80.0 23.2(1.3) 8.6 (2.6) 2.1(0.81) 20.0 80.0 0 0
Vechta 14 64.3 24.5(2.2) 8.1(2.3) 2.7 (0.32) 100.0 0 0 0
Wiirzburg 22 59.1 232(1.2) 6.0 (1.0) 2.0 (0.65) 59.1 40.9 0 0
Total 175 61.1 253 (3.3) 9.1(2.7) 2.0 (0.61) 36.6 55.4 5.1 2.9

I, non-academic track; I, academic track (Gymnasium); II1, special needs education; IV, vocational school. *Semester stands for the semester of study at the beginning of the teaching
internship. *German grades range from 1 (best) to 4 (pass). ‘A German high school diploma that qualifies students for university admission.

The guiding question of the fully correct | partially correct :::c:ﬂg’t not correct at all
lesson is presented in written
form. (o) o) o] (o)

FIGURE 1
Rating scale item for the perception facet from a general pedagogical perspective.
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FIGURE 2

Open-response item for the interpretation facet from a mathematics pedagogical perspective.

Describe briefly,

b) and in which way

Assume that the teacher feels that he is not addressing the ability heterogeneity of his class
shown in the video with his instruction adequately.
a) at which point in the course of instruction

you would modify the lesson shown - while retaining as many of its elements as possible - in
order to better accommodate the different learning conditions within the class.

FIGURE 3

Open-response item for the decision-making facet from a general pedagogical perspective.

curricular analyses of the content (Kaiser et al., 2015). In addition,
we ensured the independence of the measurement from the video-
vignettes and, thus, the measurement of the underlying construct
(Blomeke et al., 2015b). A study by Weyers et al. (2023a) confirmed
the suitability of the instrument for use with PSTs.

In our analyses, cases with 50% or more valid responses for each
time of measurement were included in the dataset. We scaled the data
collected using the teacher noticing measure with ConQuest 5.28
software (Adams et al., 1997-2023) with both measurement times
combined using a three-dimensional Rasch model’. To estimate the
item parameters, missing responses were considered not administered
to include only valid answers. Missing responses were treated as
incorrect for estimating a person’s abilities. Weighted likelihood
estimates (WLEs) were applied to create ability scores for perception,
interpretation, and decision-making.

The item-total correlations ranged from 0.12 to 0.54, with an
acceptable mean of 0.30. The weighted mean square (a component
of the fit statistic that ideally yields a value of 1.0) varied in an
acceptable range between 0.87 and 1.14, with an average of 1.00.

3 The total number of missing responses was rather small (7.6%), so the
person ability parameters could be estimated from the available data. Missing

amounts per case ranged from 1-38% with a median of 3.9%.
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The scales reached at least acceptable separation reliability, as
shown in Table 2. WLE reliability for decision-making was
somewhat questionable, possibly due to the small total number of
decision-making items associated with a complex construct and
the variety of decision-making contexts represented in the
instrument, which is a common problem when measuring
2024). The
attenuation-corrected latent correlations between the three facets

decision-oriented constructs (Weyers et al,
were comparable to previous studies, with correlations of r=0.79
between perception and interpretation, r=0.88 between
interpretation and decision-making, and r=0.50 between
perception and decision-making (Bastian et al., 2022).

To account for measurement invariance, we computed additional
separate Rasch models for each measurement time. WLEs were then
deployed to compare item difficulties at T1 and T2 (Bond et al., 2021).
A correlation of r=0.97 between T1 and T2 indicated a comparable

measurement (see Figure 4).

3.3.2 Instruments for assessing the teaching
internship process variables

To gain insight into PSTs individual experiences and the
implementation of teaching internships, we adapted scales from the
Learning to Practice study and the COACTIV-R study to assess (1)
learning time (i.e., time spent on certain activities), (2) teaching
practice activities, and (3) mentor support (Kunter et al., 2013;
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TABLE 2 Scale reliability for all three facets of teachers’ noticing.

Reliability Person separation reliability
measure . . .
Perception Interpretation @ Decision-
making
EAP 0.78 0.87 0.75
WLE 0.69 0.82 0.48

The expected A Posteriori (EAP) and weighted likelihood estimate (WLE) measures of
person separation reliability were integral to the ConQuest software (Adams et al.,, 1997-
2023) and can be interpreted like Cronbach’s Alpha values.

WLEs for item difficulty at T2

WLEs for item difficulty at T1

FIGURE 4

Item difficulty invariance for T1 versus T2. Each box represents one
item. WLE - weighted likelihood estimate. Lines indicate the 95%
confidence interval.

Konig et al., 2014). With these scales, we aimed to measure the
number and quality of activities performed, as well as the perceived
quality of mentor support, which previous studies have found to
have an important influence on PST development, as described in
the literature review. For the analyses, we transformed the learning
time subscales into an interval scale measure. Teaching practices
subscales were created using sum scores, mentor support subscales
by mean scores. The subscales, sample items, and descriptive
statistics are presented in Table 3. Internal consistency was at
least acceptable.

3.4 Data analysis

To address the first research question concerning reciprocal effects
of the three facets of teacher noticing, we computed autocorrelations
and an autoregressive manifest model with a cross-lagged panel design
using the WLEs with Mplus 6.8 software (Muthén and Muthén, 1998-
2021). Although the teacher education programs and, in particular,
the teaching internships at all six universities in our sample shared key
components, they were not, of course, completely similar. To account
for differences and impacts of teacher educators, teaching type and
modules and thus the stratified nature of the sample, we specified a

Frontiers in Education

10.3389/feduc.2024.1360315

stratification variable combining university and teaching types using
the “type=complex” option.

We approached the second research question which addressed
changes in PST’s noticing skills using paired sample t-tests.
We calculated the Cohen’s d effect sizes for a within-subjects design
(Lakens, 2013) to estimate the impact of teaching internships on
teacher noticing and compare our results with previous findings.

Again, we used multiple regression analyses to investigate the
third research question, considering the stratified sample.
We conducted several analyses (for each set of subscales separately) to
examine the effects of process variables on the ability scores for each
teacher noticing facet at T2. Regression analyses were controlled for
high school diploma grade, semester, and dichotomized teaching type
(academic-track and vocational school vs. non-academic-track and
special needs education), as well as the ability scores for the teacher
noticing facets at T1.

4 Results

We now present the results in three subsections, each of which
addresses one of our research questions, before discussing the results
in the next section.

4.1 Reciprocal effects of the facets of
teachers’ noticing during teaching
internships (first research question)

To answer our first research question, we conducted cross-lagged
panel analyses. The stability of the teacher noticing facets was investigated
using autocorrelations. Positive medium to strong autocorrelations for
perception (r=0.50, p<0.001), interpretation (r=0.62, p<0.001) and
decision-making (r=0.52, p<0.001) indicated stable parts of these
constructs, but also emphasized intrapersonal variation and, thus, change
during the teaching internships*. We applied a cross-lagged panel model
to assess the predictive quality of the three facets at T1 for the facets at T2
(see Figure 5). The means and standard deviations for all ability scores
are presented in Table 4, and the correlations between all facets of
teachers’ noticing are presented in Table 5. The correlations suggested
possible cross-lagged effects between the three facets. Measures of
reliability have already been discussed (see Table 2).

The auto-lagged path coefficients showed significant moderate
predictive power for perception (f#=0.36, p<0.001) and decision-
making ($=0.36, p<0.001), and a strong effect for interpretation
($=0.57, p<0.001). The cross-lagged path coefficients demonstrated
that only interpretation had an effect on the other facets, since both
paths from interpretation at T1 to perception at T2 (f=0.30, p=0.001)
and decision-making at T2 (f#=0.28, p=0.002) were significant, but
not the reverse cross-lagged paths. This indicated a prominent role for
interpretation in the development of all three facets. No cross-lagged
effect was observed between perception and decision-making. For all
three facets, the model explained a significant amount of the variance.

4 Values above 0.10/0.30/0.50 indicate small/medium/strong effects,
respectively (Cohen, 1988).
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TABLE 3 Overview of measures for the teaching internship process variables.

10.3389/feduc.2024.1360315

Scale Sample item n items Median/ M (SD) o
Learning time* As part of my internship, I ... 6 0.76
Lesson preparation Prepared school lessons 1 21-30 -
Observing instruction Observed school lessons 1 51-100 -
Supporting/Co-Teaching Assisted a teacher in the classroom (e.g., 1 31-50 -
tutoring individual students or
supporting group work)

Teaching with guidance Taught myself in the presence of a 1 21-30 -
teacher

Teaching alone Taught myself without the presence of a 1 1-10 -
teacher (e.g., took over substitute
teaching)

Lesson follow-up Followed up on lessons. 1 1-10 -

Teaching practices® I.. 72 0.90

Research-based learning Created an observation log 9 0.35(0.22) 0.59

Lesson planning Determined lesson content 12 0.66 (0.17) 0.67

Teaching Discussed mistakes with students. 31 0.59 (0.19) 0.86

Linking theories to situations Used educational theories to guide my 11 0.61 (0.22) 0.72
actions in the internship.

Reflecting on practice Followed up and analyzed my lessons 9 0.55 (0.21) 0.58
on my own.

Mentor support 14 0.91

Emotional The teachers are understanding if things 4 5.03 (0.96) 0.84
do not go so well during the internship.

Informational The teachers give me helpful tips on 5 4.96 (0.89) 0.81
how to behave at school.

Instrumental Teachers regularly share materials with 5 4.81(0.94) 0.82
me.

For the learning time subscales, the median is given in hours. For teaching practice subscales, the percentage mean is reported because the number of items per subscale varied. For the mentor

support subscales, the mean was taken from a six-point rating scale. *For each item, the time commitment was rated on a seven-point rating scale ranging from “No” (1) to “Yes, more than
100h” (7). *For each item, participants indicated whether or not they had performed the described activity. ‘For each item, participants rated the given statement on a six-point rating scale

ranging from “does not apply at all” (1) to “fully applies” (6).

4.2 Effects of teaching internships on
teachers’ noticing (second research
question)

To answer the second research question, we compared the
measurements of individual teachers’ noticing skills before and after
the teaching internships using t-tests to explore the effects of the
practical activities (see Table 4). Significant increases were found for
all three facets of teachers’ noticing over the course of the teaching
internships. The effect sizes, expressed as Cohen’s d, revealed small
effects for all three facets, with a higher effect size for interpretation.

4.3 Effects of process variables on teachers’
noticing (third research question)

The third research question was answered using multiple
regression analyses to investigate the effects of the teaching internship
process variables on the development of PSTS’ teacher noticing. For
each scale (i.e., learning time, teaching practice activities, and mentor
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support) and for each noticing facet a model was calculated using all
subscales of the scale as predictors. The results of these analyses are
illustrated in Tables 6-8. They showed the significant influences of
process variables for only a few subscales. A significant proportion of
the variance was explained.

For learning time, there was only a positive effect of lesson
follow-up on decision-making (£=0.19, p=0.006), while lesson
preparation negatively influenced decision-making (#=-0.21,
p=0.039). For the teaching practice activities, linking theories to
specific  situations significantly predicted perception and
interpretation, with positive regression coefficients of £=0.19,
p=0.014 and f=0.25, p <0.001, respectively. In contrast, teaching (i.e.,
performing situations) showed a negative effect on perception
(f=-0.26, p=0.001) but no effects on interpretation and
decision-making.

Emotional support provided by PSTs mentors had a significant
positive effect on decision-making (#=0.27, p=0.002). In contrast,
instrumental support, such as providing teaching materials, negatively
affected interpretation (f=-0.14, p=0.048) and decision-making
skills (8=—0.15, p=0.046).
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Cross-lagged panel model for the facets of teachers’ noticing. *p <0.05, **p < 0.01, ***p <0.001. RIZ, o) /RI2 o) /Rlz)
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TABLE 4 Mean scores at each measurement point for the teachers’ noticing facets.

Variable t (174) Cohen's d
Perception 48.47 10.31 51.53 9.47 453 <0.001 0.31
Interpretation 48.50 9.92 51.50 9.88 4.30 <0.001 0.39
Decision-making 48.50 10.12 51.50 9.68 446 <0.001 0.31

To facilitate reading and interpretation, we linearly transformed the overall ability estimates for all facets obtained from the scaling to a mean of 50 and a standard deviation of 10.

TABLE 5 Correlations between teachers’ noticing facets at T1 and T2.

Variable Perception Interpretation  Decision-
T2 T2 making T2

Perception T1 0.504%%% 0.341%%% 0.304%%*

Interpretation

T1 0.457%#% 0.617%#% 0.489%#5%

Decision-

making T1 0.124 0.330%** 0.518%%**

%p<0.05, *%5p <0.01, #+%p <0.001.

5 Discussion and limitations of the
study

In this study, we aimed to examine the reciprocal effects of the
facets of teachers’ noticing during teaching internships, together with
the effects of the internships and their implementation on the
development of PSTS’ teacher noticing. We now discuss the results for
each research question and the limitations of this study.

5.1 Discussion and implications

5.1.1 Reciprocal effects of the facets of teachers'
noticing during teaching internships

We examined teachers’ noticing and its three facets (perception,
interpretation, and decision-making) in the course of teaching
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internships. The results revealed that the three facets improved
significantly during the internships, and abilities at T1 significantly
predicted ability scores at T2, particularly for interpretation. This is
consistent with a study by Jong et al. (2021), who reported similar effects
for the noticing facets of perception and interpretation. However, their
regression coefficients were smaller than those in our study, and no
significant prediction was found for decision-making. Since Jong et al.
(2021) investigated the development of teachers’ noticing during a
university course that did not include practical activities in schools, this
suggests that practical field experiences play an important role for
facilitating PSTs’ development of teacher noticing skills.

Furthermore, the cross-lagged analysis highlighted interpretation
skills as vital for the development of teachers’ noticing, since
interpretation had cross-lagged effects on perception and decision-
making, but no reverse paths were significant. This confirms previous
findings regarding the influence of interpretation on perception
(Superfine et al., 2017; Jong et al., 2021) and provides further insight
into the development of decision-making skills. The results of the
cross-lagged analysis may also indicate a causal effect of interpretation
on the development of perceptual and decision-making skills.

Additionally, the critical role of interpretation in our data
underscores the conceptualization of teachers’ noticing as a
knowledge-based construct (Sherin, 2007), challenging prior
conceptualizations implying a more linear learning path of perception
followed by interpretation and then decision-making (van Es, 2011).
Our findings suggest that the ability to interpret classroom events and
student thinking seem to be key to developing all three facets of
teachers’ noticing and, thus, to perceiving relevant details and making
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TABLE 6 Multiple regression models for the effects of learning time.

10.3389/feduc.2024.1360315

Variable Perception T2 Interpretation T2 Decision-making T2

t p t fo)
Lesson preparation —0.06 —0.50 0.624 —0.06 -0.50 0.624 —0.21% —2.06 0.039
Classroom
observation 0.01 0.10 0.921 —-0.08 —1.01 0.312 —0.02 -0.28 0.776
Lessons together
with a teacher 0.00 0.04 0.969 —0.01 —0.08 0.933 —0.03 —0.39 0.694
Own lessons with
the presence of a
teacher —0.05 —0.48 0.635 0.01 0.11 0.912 0.03 0.28 0.783
Own lessons
without the
presence of a
teacher —0.04 —-0.88 0.378 —-0.03 -0.91 0.362 —0.04 —0.82 0.414
Lesson follow-up —0.05 —-0.89 0.392 0.03 0.51 0.614 0.19%%* 2.73 0.006
R’ 0.35 0.42 0.38

#p<0.05, #¥p<0.01, ***p <0.001; p, standardized regression coefficient. In the analyses, we controlled for high school diploma grade, semester, and dichotomized teaching type. We computed

separate models for each criterion.

TABLE 7 Multiple regression models for the effects of teaching practice activities conducted.

Variable Perception T2 Interpretation T2 Decision-making T2

t p t Jo)
Research-based
learning 0.03 0.35 0.724 —0.06 —0.81 0418 —0.04 —0.59 0.553
Lesson planning 0.04 0.64 0.525 —0.06 —0.82 0.410 —0.01 —0.12 0.907
Teaching —0.26%% -3.38 0.001 —0.02 —0.19 0.846 —0.05 —0.65 0.516
Linking theories to
situations 0.19% 2.46 0.014 0.25%%5% 3.58 <0.001 0.14 1.75 0.081
Reflecting on
practice -0.02 —0.26 0.792 —0.10 ~1.19 0.236 —0.03 —0.29 0.781
R 0.39 0.46 0.36

#p<0.05, *¥p <0.01, **¥*p <0.001; p, standardized regression coefficient. In the analyses, we controlled for high school diploma grade, semester, and dichotomized teaching type. We computed

separate models for each criterion.

productive decisions in the classroom. Initial learning to interpret
might facilitate perception and decision-making in the classroom
(Superfine et al., 2017). Our findings also suggest that interpretation
skills can facilitate the application of professional knowledge in
situation-specific school contexts. Hence, it is crucial to provide PSTs
with sufficient opportunities to learn interpreting before, during, and
after their teaching internships.

5.1.2 Effects of teaching internships on teachers’
noticing

We investigated the impact of the teaching internships on
perception, interpretation, and decision-making by comparing the
PSTs’ pre- and posttest ability scores. The results showed significant
increases for all three facets. The changes observed corroborated
similar findings by Stiirmer et al. (2013) and Mertens and Grasel
(2018), again supporting the important role of teaching internships
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in fostering the development of PSTs’ teachers’ noticing during their
university education and complementing these studies with a
subject-specific perspective on teacher noticing. Moreover, previous
studies have not reported this improvement in decision-making
skills; thus, our results make a recent contribution to the literature.
However, the effect sizes in our study were somewhat smaller than
expected based on previous studies (Mertens and Grisel, 2018;
Weber et al., 2018) and indicated only small but significant effects.
This might be explained by the weaker connection between
university education and teaching internships in some parts of
North Rhine-Westphalia, where a significant part of the participants
studied, offering fewer opportunities to relate theory to practice
(Doll et al., 2018). Previous studies have suggested that the degree
of theory-practice linkage may have an impact on the effect size of
changes in teachers’ noticing over the course of teaching internships
(Weber et al., 2018).
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TABLE 8 Multiple regression models for the effects of mentor support.

10.3389/feduc.2024.1360315

Variable Perception T2 Interpretation T2 Decision-making T2

t [} p
Emotional —0.04 ~0.32 0.750 0.16 1.90 0.058 0.27%% 3.10 0.002
Informational -0.01 ~0.08 0.940 -0.13 —143 0.152 -0.11 ~1.54 0.123
Instrumental 0.03 031 0.754 —0.14% -1.98 0.048 —0.15% ~2.00 0.046
R 033 0.44 038

#p<0.05, ##p <0.01, **¥p <0.001; B, standardized regression coefficient. In the analyses, we controlled for high school diploma grade, semester, and dichotomized teaching type. We computed

separate models for each criterion.

5.1.3 Effects of process variables on teachers’
noticing

We explored the influences of the teaching internship process
variables and, thus, the organization and implementation of
internships for the individual PSTs using regression analyses, which
showed effects for only some of the variables, particularly positive
influences of making connection between theory and practice and
emotional mentor support. This raises questions about the necessity
for and current form of some features of teaching internships, such as
lesson planning, which, surprisingly, showed no effects or negative
effects on the three facets of teachers’ noticing.

The amount of time spent on lesson preparation had a negative
effect on decision-making, which may be explained by the PSTs’ lack
of lesson planning skills; that is, the PSTs were unable to make
sufficient use of this time due to their lack of knowledge about lesson
planning (Kénig et al., 2022a). On the other hand, this result may
indicate that PSTs who prepared longer or more extensively for lessons
were more restricted in their expectations about the decisions to
be made in class, had fewer opportunities to practice a variety of
decisions, and thus fewer opportunities to develop their decision-
making skills. Furthermore, teaching (e.g., teaching one’s own lessons
and assisting a teacher in co-teaching) had no positive effect on
teachers’ noticing. This is particularly interesting since PSTs often
request more of these activities in their university education (Hascher,
2014; Ulrich et al., 2020) and engage extensively in these activities
during their teaching internships (see Table 3; Konig et al., 2018b).
Time spent on teaching even had a negative impact on perception.
Hence, participation in classroom teaching alone does not seem to
be sufficient for developing teachers’ noticing competence,
complementing prior results that demonstrated the risks of adopting
established school practices from in-service teacher without reflecting
on them (Ozgiin-Koca and ilhan Sen, 2006; Chitpin et al., 2008). PSTs
who focus their teaching internships predominately on performing
situations may have less time for processing and reflection and may
therefore adopt established school practices without questioning
them. Extended practical learning opportunities thus do not
automatically lead to increases in teacher competence, as empirical
findings from TEDS-M have indicated for teacher education in
Germany and the United States (Konig and Blomeke, 2012).

However, making connections between theory and experience in
the internships and reflecting on practice appear to facilitate the
development of teachers’ noticing, as linking theories to situations
significantly predicted perception and interpretation, and time spent
on lesson follow-up predicted decision-making. These findings agree
with those of and Stiirmer et al. (2013) and Weber et al. (2018, 2020),
who described growth in teachers’ noticing skills, particularly in the
context of accompanying reflection-oriented and analysis-oriented
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activities, and also with similar results for the development of
professional knowledge (Schlag and Glock, 2019). Furthermore, the
results also accord with the analyses of Konig and Blomeke (2012),
who reported higher levels of general pedagogical knowledge for PSTs
who focused on reflection rather than on teaching alone. Establishing
connections between theory and the field experiences of PSTs (e.g.,
through reflection) seems to be a decisive factor in the development
of teachers’ noticing during teaching internships.

Mentor support has proved to be highly important for PSTs
during their teaching internships (Hudson and Millwater, 2008;
Garcfa-Lazaro et al., 2022). In this study, only emotional support
facilitated PSTs” development, and only in terms of decision-making.
The opportunity to talk with experienced teachers, express their
concerns and uncertainties, and receive encouragement seems to help
PSTs make in-the-moment decisions in classroom situations. In
contrast, instrumental support (ie., the provision of teaching
methods and materials, such as worksheets) had a negative
relationship with interpretation and decision-making. Again, a
possible explanation may be that PSTs who receive more instrumental
support adopt teaching styles and methods in an unreflective manner
and have fewer opportunities to connect educational theories
independently with their applications in practice. On the other hand,
PSTs with higher interpretive and decision-making skills may require
less instrumental support.

5.2 Limitations

The limitations of this study should be considered. First, the results
presented herein were derived from convenience sampling. Consequently,
generalizations should only be made with caution. Group effects of the
six-university sample were controlled for in the analyses using
stratification variables. However, this approach may not have accounted
for all effects of the different locations and may potentially have
overlooked additional group-specific effects. In addition, for
organizational reasons, it was not possible to establish control groups to
evaluate the influence of the teaching internships against a group that did
not undertake internships and to control for memory effects. However,
this only influenced the overall effect of the internships on the three facets
of teachers’ noticing for the second research question.

Moreover, the design of the study included only two measurement
time points, which provided a rather rough representation of the
development of teachers’ noticing over the course of the teaching
internships. Research with more measurements at shorter time
intervals is needed to gain more insight into the development of
teachers’ noticing and, in particular, into the optimal length of an
internship, since saturation effects may occur during this activity.
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Process variables (i.e., learning time, teaching practice activities, and
mentor support) were measured only through self-report instruments,
which may have created bias in the dataset. Third-party assessments by
mentors or researchers, for example, should be used to complement our
findings. Furthermore, our test instrument assessed only a subset of
teachers professional competencies; thus, the development of other
competence facets may have been overlooked, and more comprehensive
survey designs are needed to consider knowledge, beliefs, and situation-
specific and/or performance-related facets together and to obtain a deeper
understanding of the effects of teaching internships on PSTs.

Finally, some parts of the data collection took place during the
COVID-19 pandemic. This influenced the organization of the
teaching internships in ways that differed among schools. Our items
for the internship process variables specifically included participation
in online and distance learning and teaching, which provided some
control for the changed conditions. Nevertheless, the pandemic may
have had some unknown effects on our study.

6 Conclusion

Teaching internships have become an increasingly important,
but also challenging and expensive, part of initial teacher
education for the development of PSTs’ professional competence,
which calls for empirical studies in this area and particularly
quantitative analyses towards potential effects on PST learning
outcomes (Lawson et al., 2015; Konig and Rothland, 2018; Ulrich
et al., 2020; Terhart, 2021). This study addressed research gaps
toward the development of teachers’ noticing over the course of
teaching internships, in particular providing insight for the first
time into the development of subject-specific teacher noticing
skills and particularly decision-making skills, the effects of
process variables of teaching internships, and the reciprocal
effects of facets of teacher noticing. As the results are based on
an established teacher noticing instrument and a framework that
combines general pedagogical as well as mathematics pedagogical
perspectives, and the core characteristics of German teaching
internships are comparable to other international formats, they
promise to be meaningful in contexts other than in this study.
The results can inform the structure and organization of teaching
internships and field experiences in initial teacher education
internationally, as well as providing insights into the development
of teacher noticing on a theoretical level in general.

The development of interpreting as a key skill for enhancing teachers’
noticing and applying knowledge learned at the university to the
classroom was shown to be of great importance in this study. Therefore,
we propose to focus more strongly on this facet to prepare PSTs for and
accompany changes in teachers noticing during teaching internships. The
initial fostering of interpretation may reduce later cognitive load and
make it easier for PSTs to learn perception and decision-making in a
meaningful way. Since few variables explained interpretation skills in our
analyses, further research is needed to explore how interpretation skills
can be fostered and what variables might explain the development of these
skills. Weyers et al’s (2023a) results suggest effects on interpretation skills
of average high-school diploma grade and, thus, academic capability, as
well as opportunities to learn from university education.

Regarding the structure of teaching internships, our findings suggest
a need to strengthen theory—practice linkage activities in the practice of
teaching internships. Overall, our study suggests that teaching internships
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and teaching practice activities have the potential to foster teachers
noticing as a central facet of future professional practice and promote the
connection between practice, teacher noticing, and academic knowledge.
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