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Asking the right question - Using different types of student feedback
in developing ePCK for in-service biology teachers in dynamic
teaching environments at school and at university
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Birgit J. Neuhausa

aBiology Education, Faculty for Biology, LMU Munich, Munich, Germany; bStatistical Consulting Unit StaBLab, Department
of Statistics, LMU Munich, Munich, Germany

ABSTRACT
In science education research, the RCM (refined consensus model of Pedagogical
Content Knowledge) conceptualizes ePCK (enacted Pedagogical Content Knowledge)
as an emergent situation-specific property, influenced by domain-specific factors (con-
tent knowledge, skills) and generic factors (cognitive activation, constructive support,
classroom management). In-service teachers develop ePCK by iterating a plan-teach-
reflect cycle. Student feedback, especially digital summarising feedback, supports this
process. However, it remains unclear whether a simple question feedback, differenti-
ated feedback, or a grand rubric score best improves teaching across educational lev-
els. While student feedback on teaching quality is valuable, identifying the most
effective feedback type for enhancing ePCK—especially when comparing high-school
and university settings—remains unresolved. We analyzed three types of digital sum-
mative feedback (a simple question, differentiated responses, and a grand rubric
score) from 56 high-school lessons and 175 university lectures in a within-subject
design, examining correlations among these feedback types. Students’ overall impres-
sion of lesson quality was highly correlated with differentiated feedback. A grand
rubric score derived from this feedback could substitute for the single unspecific ques-
tion. Results are consistent across both educational levels. A single-question feedback
method may suffice for practical integration into the plan-teach-reflect cycle.
However, the lack of detailed insights requires iterative feedback. Given the limited
reliability of high-school data, further studies with in-service teachers are necessary.
We emphasize the dynamic nature of the plan-teach-reflect cycle and propose student
feedback as a key tool for sustaining instructional improvement throughout a teach-
er’s career.
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Introduction

Developing teaching strategies and teaching skills during the teaching process is dynamic and influ-
enced by numerous interrelated variables with non-linear effects on outcomes (Gess-Newsome &
Lederman, 1999; Hattie, 2009; Neuhaus, 2021). The Refined Consensus Model (RCM) of Pedagogical
Content Knowledge (PCK) encompasses many of these variables and their relationships, providing a
framework for detailed study (Carlson et al., 2019). The RCM emphasizes the dynamic and situational
nature of teaching through the plan-teach-reflect cycle (Alonzo et al., 2019), whereas PCK is divided into
three realms: collective (cPCK), personal (pPCK), and enacted (ePCK). cPCK refers to the collective consen-
sus knowledge of the scientific community; pPCK represents a teacher’s personal, cognitive, and articul-
able knowledge; ePCK is the behavioural manifestation of this knowledge (Carlson et al., 2019). The
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relationship between pPCK and ePCK is complex (Mientus et al., 2022) often making it difficult to meas-
ure them as distinct entities (Park, 2019).

For the assessment of ePCK various methods are being proposed and tested, such as questionnaires,
video observations and voice observations (Suresh et al., 2018). A practical method for accurately assess-
ing teaching quality, and thus an approach to measuring ePCK is through summarising student feed-
back, which should prompt necessary adjustments in the teaching approach on the basis of the
feedback received (Wisniewski et al., 2020). To develop ePCK based on cPCK and pPCK, a cyclical feed-
back process is essential for providing valuable information for a teacher’s plan-teach-reflect cycle (Chan
& Hume, 2019).

Rationale of the Study: While existing research has demonstrated the utility of student feedback in
measuring teaching quality and informing the plan–teach–reflect cycle (Bijlsma et al., 2022; Wisniewski
et al., 2020), there remains a critical gap regarding how different types of feedback drive improvements
in enacted pedagogical content knowledge (ePCK). Specifically, it is not yet clear which feedback for-
mat—simple undifferentiated ratings, differentiated domain-specific items, or an aggregated rubric
score—provides the most actionable insight for teachers operating in diverse educational contexts.

In practice, teachers often work under significant time and resource constraints, needing to make
quick, practical decisions rather than exhaustive analyses. They therefore require fast-and-frugal feedback
tools that balance precision with efficiency, enabling a workable compromise between depth of informa-
tion and immediacy of insights (Bijlsma et al., 2021). Understanding which feedback formats yield the
most actionable, rapid insights will help teachers optimise their reflective processes within real-world
classroom pressures.

Clarifying these trade-offs will inform both theoretical models of PCK development and the practical
design of digital feedback tools for in-service teachers. Thus, this study seeks to provide a systematic
rationale for selecting and implementing each feedback type based on their potential impact on
teachers0 ePCK.

Variable under study: types of student feedback. In this study, we focus on three digital student feed-
back variables designed to capture different levels of instructional quality within the plan–teach–reflect
cycle. First, simple-question feedback is operationalised as a single, undifferentiated item asking students
to “Rate the lesson” on a five-star scale, providing a broad overall assessment of teaching effectiveness
(Rollett et al., 2021). Second, differentiated feedback comprises three separate items, each corresponding
to one generic domain of teaching quality—cognitive activation (e.g. “The pupils are actively engaged in
the classroom activities”), constructive support (e.g. “The teacher supports the pupils individually in their
learning process”), and classroom management (e.g. “The available lesson time is used for engaging
with the learning content”). These items draw on validated measures from G€ollner et al. (2021) to cap-
ture specific facets of enacted PCK. Third, we derive a grand rubric score by computing the arithmetic
mean of the three differentiated feedback ratings, aggregating the domain-specific measures into a sin-
gle composite indicator of ePCK (Chan et al., 2019). By comparing these three feedback variables—
simple-question, differentiated domain-specific, and grand rubric—we aim to determine whether the
simple-question feedback can serve as a valid proxy for the more detailed rubrics in both high-school
and university teaching contexts.

Focusing on student feedback for educators through digital rating systems allows quick and practical
feedback (Bijlsma et al., 2022), avoiding the loss of valuable insights that can occur with lengthy feed-
back questionnaires (Wisniewski et al., 2020).

To measure ePCK, we explored student feedback based on a single question (Rollett et al., 2021) and
compared it with differentiated feedback from three different facets of instructional quality, namely cog-
nitive activation, constructive support, and classroom management (Chan et al., 2019).

The goal of this study was to test simple student feedback for teachers against a broader set of ePCK
measures, implement student feedback into the plan-teach-reflect-cycle of the RCM and thus enable suc-
cessful measurement and development of ePCK. We developed a digital tool (Hartmuth et al., 2025) that
enables the collection of student lesson ratings in a dynamic classroom. This approach enables teachers
to monitor the difference in ratings of current versus prior lessons and assists them in adapting their
teaching methods according to the student ratings, thus developing their ePCK.
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Theory

ePCK as an emergent property within the RCM

The so-called consensus model of PCK has emerged in recent years by emphasising two factors (Berry
et al., 2015): the dynamic nature of PCK as manifested in teaching situations, and the inclusion of explicit
science teaching skills at subject, topic and concept levels (Drits-Esser et al., 2017). In its most recent
consensus version, the model highlights the practitioner0s viewpoint on PCK and underscores the numer-
ous feedback loops involved in the development of PCK in practice. The illustration of these feedback
loops shows the pedagogical reasoning cycles of teaching, also referred to as the plan-teach-reflect cycle
(Carlson et al., 2019). The various layers of the model are linked through filters and enhancers that facili-
tate knowledge exchange, highlighting the model’s inherently dynamic and non-linear nature. These
hypothetical filters and enhancers should be considered as catalysts for knowledge exchange, rather
than the causal or correlated factors expected in a linear model (Carlson et al., 2019). Although the RCM
focuses on different domains within PCK, it acknowledges Shulman’s first definition of PCK that the
“(… ) broader professional knowledge bases are foundational to teachers’ PCK” (Carlson et al., 2019).

This collection of individual skills and practical tools, known as ePCK, is incorporated within the second elem-
ent of PCK, referred to as personal PCK (pPCK). As soon as a teacher can articulate part of their ePCK, the con-
scious part of ePCK is transformed into pPCK. Conversely, as soon as a teacher uses part of pPCK in action, this
part is transformed into ePCK (Irmer et al., 2023). Thus, pPCK emerges from situational ePCK and vice versa.

The collective pedagogical content knowledge (cPCK) of the scientific community serves as an add-
itional source of information, alongside ePCK, for the development of pPCK. The relationship between
pPCK and cPCK mirrors the symmetrical connection observed between ePCK and pPCK. A source for the
development of cPCK of the whole scientific community is the expressible, articulable body of know-
ledge of all teachers (Seidel & Shavelson, 2007).

The individual and dynamic framework of the RCM emphasises the individual importance of each
teacher’s PCK. Both the set of knowledge and skills used in carrying out the teaching cycle (ePCK) and
the conscious knowledge of one’s teaching (pPCK) are intertwined. As soon as a teacher acts, ePCK
unfolds; as soon as a teacher articulates, describes or explains the act of teaching, pPCK is expressed
(Morine-Dershimer & Kent, 1999). From a scientific point of view, it is difficult to disentangle ePCK and
pPCK; moreover, ePCK and pPCK are considered emergent properties of other teacher knowledge bases
(Shulman, 1986), which are non-linear, dependent and dynamic. Currently, the debate about PCK as an
integrative concept rather than a transformative property leans heavily towards the latter (Carlson et al.,
2019; Gess-Newsome & Lederman, 1999), and this raises the question of how to foster individual,
situation-dependent ePCK and pPCK as concepts that are more than, but different from, the sum of their
parts (Morine-Dershimer & Kent, 1999).

Positioning within TPACK

The Technological Pedagogical Content Knowledge (TPACK) framework extends Shulman’s original PCK
by explicitly integrating technological knowledge (TK) alongside pedagogical (PK) and content know-
ledge (CK) (Mishra & Koehler, 2006). This highlights how technology both frames and enables teaching
and learning. While the RCM’s enacted PCK (ePCK) emphasises the practical interplay of pedagogical and
content knowledge in a plan–teach–reflect cycle, TPACK prompts us to see technology not just as con-
text, but as an active constructive element of teacher knowledge (Koehler et al., 2012). In our study, the
Teacher Tunes platform embodies TK in action. The QR-mediated digital star-rating shapes how digital
feedback is collected and interpreted, thereby becoming part of the enacted knowledge itself.
Contrasting ePCK of the RCM with TPACK shows that our digital feedback tool both mediates and
enriches pedagogical enactment (Harris et al., 2009).

Development of ePCK in practice through the teaching cycle

The RCM highlights the significance of developing ePCK through practical experience at an individual
level, placing the teaching cycle at its core (Bl€omeke & Kaiser, 2014). This cycle involves a continuous
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feedback loop of reflection, planning, and teaching, which relies on ongoing observational data about a
teacher’s progress to meet the informational demands of the teaching cycle (Chan & Hume, 2019).

For the development of ePCK, teaching experience is needed (Davidowitz & Potgieter, 2016); in the
absence of practical training of contextualized teaching situations, individual ePCK does not improve
(Drits-Esser et al., 2017; F€ortsch et al., 2016). To a large extent the question of how to improve ePCK sys-
tematically in practice remains unclear (Mientus et al., 2022; Sorge et al., 2019).

The connection between theory and practice can be explored using the RCM as a framework, which
outlines two pathways for the development of a teacher’s ePCK. The first involves progressing through
the teaching cycle in a continuous feedback loop, while the second focuses on engaging with the scien-
tific community to access the broader cPCK, supporting the personal development of ePCK (Mientus
et al., 2022). These insights, which emphasise the growth of individual PCK through practical experience
and action, align with contemporary constructivist learning theories, particularly the concept of experien-
tial learning (Kolb & Kolb, 2005; Morris, 2020). The development of ePCK is an individual process, shaped
by action and influenced by the specific learning context.

In response to diverse and evolving learning environments, and based on their current level of ePCK
available in a given context, teachers develop a repertoire of skills and knowledge that enhances their
performance across various settings, thereby advancing their ePCK (Tobin & McRobbie, 1999). However,
this development is limited by the constraints of their specific learning environment and their existing
pPCK and ePCK (Irmer et al., 2024). When there is a mismatch between these constraints and a chosen
teaching strategy, teachers repeatedly struggle to implement the intended interventions successfully
(Behling et al., 2022; Shavelson, 2020). Effective organization of contributing factors to enhance teaching
quality is only possible when they are considered collectively (Praetorius et al., 2012; Praetorius & Gr€asel,
2021). The RCM illustrates this approach through its central cyclical structure, highlighting the develop-
ment of teaching skills as an iterative process similar to a feedback loop, as noted in research within the
natural sciences (Behling et al., 2022). By sequentially following this plan-teach-reflect-cycle, a teacher
develops additional ePCK, putting reflected pedagogical content knowledge into action (Hartmuth et al.,
2025; Irmer et al., 2023).

ePCK and facets of instructional quality

The concept of teaching quality can be approached through the eyes of science education as well as
from the perspective of general research on teaching and learning, encompassing different foci of two
disciplines. General research on teaching and learning often compares different variables, a line of
research that has led to a such basic dimensions of teaching quality as cognitive activation, classroom
management and constructive support (Hattie, 2009; Kunter & Voss, 2013). On the other hand, science
education often focuses on domain-specific variables of quality of instruction, such as use of models and
conceptual orientation (F€ortsch et al., 2018). In order to build a bridge between these different
approaches to teaching quality, efforts have been made to integrate the facets of subject-specific quality
traits into the broader dimensions of general teaching quality (Chan & Hume, 2019; Praetorius & Gr€asel,
2021). These endeavors are in line with current findings that generic and subject-specific variables are
intertwined (Dorfner et al., 2018; Steffensky et al., 2018) and that no categorial distinction between gen-
eral and subject-specific traits is justified (Neuhaus, 2021). Several recent studies analyzing the interrela-
tionship of different variables of teaching quality hint at the usefulness of bundling subject-specific
variables under the broader generic categories (Chan et al., 2019; Dorfner et al., 2018; Heinitz et al.,
2022; Neuhaus, 2021; Praetorius & Gr€asel, 2021).

This tendency to incorporate subject-specific quality traits as aspects of more general dimensions is
mirrored in the RCM through the emergence of ePCK from subject-specific and cross-cutting knowledge
bases during the teaching cycle (Gess-Newsome et al., 2019). The concept of ePCK acknowledges a gen-
eric background whilst stressing the importance of subject-specific traits of teaching quality (Carlson
et al., 2019). Within the RCM, this is accomplished by placing the individual teaching performance at the
center of the model and emphasizing the dynamic nature of the plan-teach-reflect cycle when all know-
ledge bases manifest themselves in the situation-specific performance of ePCK (Mientus et al., 2022).
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Process orientated measurement of ePCK

Assessing ePCK has recently become of interest, especially as several studies suggest that teaching per-
formance affects the quality of student learning success (Baumert et al., 2010; Hattie, 2009). In practice,
these serve as the primary benchmark and proxy for evaluating teachers’ ePCK success (Alonzo et al.,
2012). Research has demonstrated that ePCK directly influences student outcomes (Keller et al., 2017)
and competence (Mahler et al., 2017).

Theoretically, the problem of measuring ePCK lies in the notion that it is fed from a myriad of interre-
lated variables with non-linear effects (Carlson et al., 2019; Dorfner et al., 2019). Several attempts have
been made to construct a rubric that captures a wide range of generic and subject-specific knowledge
bases of ePCK (Chan & Hume, 2019; Mientus et al., 2022; Park & Kyung Suh, 2015). Agreement is needed
on a set of empirically derived variables constituting ePCK in order to direct research and communicate
findings within a model or framework (Chan et al., 2019).

Practically the RCM imposes the difficulty that although ePCK is manifested in an individual and
situation-specific setting, and has a clear dynamic component (Gess-Newsome et al., 2019), the know-
ledge bases that ePCK require, such as pPCK of an individual teacher, cPCK and other broader and gen-
eric knowledge bases, are considered more static (Berry et al., 2015). A more dynamic focus requires
measurement of ePCK during the act of teaching, while the more static interpretation of PCK encom-
passes a focus on a teacher’s knowledge and reasoning about teaching practices (Gess-Newsome et al.,
2019).

Methodologically the problem of measuring ePCK lies in finding the appropriate match between the
conceptualization of ePCK and the corresponding fit with a data source (Chan et al., 2019). Studies with
a more static framework often focus on measuring ePCK through post-hoc knowledge questionnaires
and interviews (Davidowitz & Potgieter, 2016), whereas empirical studies that focus on the dynamic
nature of ePCK use more practice-orientated data sources such as specialist observations and videos, or
deep learning structures of actual teaching performances in the classroom (Chan & Hume, 2019; Suresh
et al., 2022). During the pre-service teacher (PST) training expert colleagues often assess ePCK on the
basis of empirically founded criteria (Kramer et al., 2020; Wang et al., 1993). During the more theoretical
training phases, individual PCK is often addressed through pen-and-paper articulation of pPCK in relation
to video-based teaching scenarios. (Irmer et al., 2023; Seidel & St€urmer, 2014; Shavelson, 2012).
Information about the assessment or acquisition of teaching quality, or the development of teaching
skills, is often assumed to be transferable from PST formation to the in-practice school environment
(Shavelson, 2020).

Thus, theoretical, practical and methodological considerations must be taken into account, placing
ePCK on a continuum in all three dimensions and influencing how ePCK is captured through measure-
ment (Carlson et al., 2019) (Figure 1).

Measuring ePCK with the help of student feedback

Another option for teachers’ ePCK assessment is to use feedback from observers (Behnke, 2016). In order
to gather valuable information about teaching performance, the feedback process has to be structured
in specific and well-researched ways (Hattie & Timperley, 2007). When feedback is collected regularly
and the information obtained used to adapt teaching practices and strategies, feedback is one of the
stronger factors contributing to teaching quality (Hattie & Clarke, 2019). Research has shown that stu-
dent feedback especially has a strong influence on the development of teaching quality (Wisniewski
et al., 2019). The idea is to ask students in class (K€ampfe, 2009) to observe teachers in action (Hattie &
Clarke, 2019), since recourse to expert observers or advanced technological methods is often unfeasible
(Bijlsma et al., 2022; Chan & Yung, 2018; Hense, 2013). Students possess a key to evaluating overall
teaching quality by means of feedback (Wisniewski et al., 2019); that the information is gathered via
their ratings, which are reliable indicators of teaching quality (K€ampfe, 2009), and make efficient use of
time and resources (Bijlsma et al., 2019). Building on this efficiency, mean student rating values can
serve as a viable and valid measure of ePCK (van der Scheer et al., 2019).
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Rubric scores: Determining the effectiveness of student feedback for ePCK measures

Student feedback can be collected in different ways, time frames, frequency and detail (Narciss & Huth,
2006), but information to be acted upon is what teachers seek by gathering student feedback
(Wisniewski & Zierer, 2021). Study results show that gathering student feedback along generic dimen-
sions of teaching quality with the help of rubric scores gives teachers actionable information to improve
their teaching skills and overall teaching quality (Wisniewski et al., 2018). Rubric scores provide a struc-
tured framework for assessing teaching quality with the help of student feedback by defining clear per-
formance criteria (Chan et al., 2019). They serve as an effective tool for teachers by offering a
transparent and systematic approach to evaluating instructional quality and thus make student feedback
more useful (Panadero & Jonsson, 2020). Within the classroom, rubric-based assessments allow teachers
to reflect on their practice, identify areas for improvement, and make data-driven adjustments to
enhance student learning experience (Allen & Tanner, 2006).

Rubrics, when aligned with key generic teaching dimensions such as cognitive activation, constructive
support, and classroom management, offer a reliable measure of ePCK (Chan et al., 2019). Rubric-based
feedback can capture essential aspects of teaching performance in real-time, allowing educators to
adapt their strategies dynamically (Suresh et al., 2022). A key advantage of rubric scores is their ability
to provide consistent and objective insights into teaching quality across different educational settings.
Unlike broad, unstructured feedback, rubrics help standardise student responses and reduce subjectivity
in evaluations. This ensures that teachers receive actionable feedback, which can be integrated into the
plan-teach-reflect cycle to refine their instructional approaches (Mientus et al., 2022).

The three generic domains with the largest descriptive value of overall teaching quality and the stron-
gest impact on teaching quality are cognitive activation, constructive support and classroom manage-
ment (Dorfner et al., 2018; Hattie & Clarke, 2019; Praetorius & Gr€asel, 2021). Whether this student
feedback is collected with the help of questions referring to generic or subject-specific variables
depends on the goal of the feedback receiver. In order to improve overall teaching quality, items
belonging to the generic domains of teaching are appropriate (Rollett et al., 2021). It has been shown
that these generic domains of teaching quality can be assessed by means of student feedback (Ruth-
Herbein et al., 2022). Moreover this generic domain information on teaching quality helps teachers
improve their teaching (Manzi et al., 2022). If the goal of a teacher is to improve subject-specific skills,
questions gathering feedback on these specific practices has to be collected (Praetorius et al., 2012). In
order to construct a fitting rubric for the measure of ePCK via student feedback, the conceptualization
of ePCK used has to be justified and placed on the continuum from a theoretical, practical and meth-
odological perspective (Chan et al., 2019).

When ePCK is conceptualized as consisting of distinct variables (theoretical perspective) in a static
environment (practical perspective) a student feedback questionnaire is often employed once

Figure 1. Recorded ePCK: Only a specific part of ePCK is recorded on a continuum determined by the conceptualization
of ePCK from theoretical, practical and methodological perspectives. Information focus: The concepualisation of ePCK
determines the appropriate kind of student feedback.
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(methodological perspective), because the assessment of distinct facets of ePCK requires clear criteria
(Wisniewski & Zierer, 2021). In this case the focus of the student feedback lies in gathering detailed
input information on strengths and weaknesses, or effects of specific variables of ePCK (Neuhaus, 2021).

When conceptualising ePCK as an emergent property with many interacting variables (theoretical per-
spective) in a dynamic teaching situation (practical perspective) with interest in the specific ePCK of a
teacher (methodological perspective), student feedback is better collected regularly and in less detail
owing to feasibility and time constraints (Bijlsma et al., 2019). This leads to the gathering of information
about behavioural components of ePCK. This orientation of teaching performance by means of more
general student feedback accepts the cost of reduced detail about specific facets of ePCK and focuses
on the feasibility of collecting information about a teacher’s ePCK in situ. The use of undifferentiated,
single-question feedback has gained prominence across various fields owing to its simplicity, efficiency,
and effectiveness in capturing essential user perceptions (Allen et al., 2022). This concept pertains to the
practice of collecting user feedback through a single, straightforward question, similar to the undifferen-
tiated star ratings used by platforms such as WhatsApp and Adobe. This straightforward approach has
become a global standard, demonstrating that complex feedback systems are not always necessary to
produce meaningful insights (Reichheld, 2003). In the field of education, similarly, research indicates that
even in complex learning environments, an undifferentiated single-item measure can reliably assess core
aspects of the learning experience (Atroszko et al., 2019); and shorter surveys yield higher response and
completion rates than longer ones (Kost & da Rosa, 2018). The use of Audience Response Systems, which
often employ simple, undifferentiated questions, boosts student engagement (Funnell, 2017). Beyond
fostering engagement, implementing a simple single-question feedback also provides real-time feedback,
allowing lecturers to adjust their teaching strategies promptly (Schmidt et al., 2020). Together, these
findings underline that simple, one-question feedback processes are not only practical but also highly
informative, offering robust insights without overburdening the stakeholders in the feedback process.

The assessment of ePCK via general student feedback comes at the cost of information loss, and loss
of resolution concerning the facets of ePCK. Thus, capturing ePCK in situ via student feedback is only
feasible if the information captured is useful (Figure 1).

Both the pedagogy literature on effective student feedback and the RCM, with its subject-specific
focus, emphasize a cyclical structure where reflection is closely linked to lesson planning and the teach-
ing process. However, research indicates that teachers often struggle to incorporate feedback about mis-
takes or potential improvements into their teaching practices (Shavelson, 2020). Feedback has been
shown to act as a catalyst for reflection within the classroom, significantly influencing lesson planning,
teaching approaches, and consequently, the development of ePCK (Hattie & Clarke, 2019). Incorporating
student feedback into the plan-teach-reflect cycle emphasizes the importance of information gathering
to support the personal development of ePCK (Elstad et al., 2017). This is particularly relevant as a teach-
er’s behavior in the classroom has a direct impact on teaching quality (Seidel & Shavelson, 2007; Seidel
& St€urmer, 2014).

Research objectives and hypotheses

Incorporating regular student feedback into classroom routines could implement effectively a feedback
process within a teacher’s plan-teach-reflect cycle of the RCM. Such an approach would systematically
improve their ePCK and teaching methods by supplying the necessary data for the teacher.

The main goal of the present study was to find out if simple and unspecific student feedback on les-
son quality is able to yield as valuable information as that from a rubric composed of student feedback
on the three main domains of teaching quality, cognitive activation, constructive support and classroom
management. Furthermore, we investigated the transferability of student feedback measures between
university and high school environments. This approach enables teachers to monitor the ratings of cur-
rent versus prior lessons and to adapt their teaching methods to the student ratings, thus developing
their ePCK.

Prior studies suggest high correlations between overall satisfaction scores and detailed quality meas-
ures in classroom settings (Bijlsma et al. 2022). This indicates that simple-question feedback can capture
key variance in teaching quality to serve as a practical proxy under time constraints (Rollett et al., 2021).

COGENT EDUCATION 7



Teaching contexts vary across high school and university settings. Thus, examining comparing results
enhances validity and offers the option of tailored recommendations (Chan et al., 2019).

We considered the following hypotheses:

H1: A simple one-question student feedback is correlated highly with feedback question
answers on the three domains of teaching quality, namely cognitive activation, constructive sup-
port and classroom management.

H2: A simple one-question student feedback is correlated highly with a grand rubric score con-
structed from the three domains of teaching quality, namely cognitive activation, constructive sup-
port and classroom management (Chan et al., 2019).

H3: The results from H1 and H2 show no diverging tendencies between university and school
background (Shavelson, 2020).

Methods

Sample

255 lectures and lessons were rated in total, 184 at universities and 71 at a school. To prevent single
student impressions obscuring the data, lectures and lessons with fewer than 3 ratings (9 lectures) and
those with missing values (15 lessons with no student rating at all) were omitted. Ultimately, the remain-
ing material comprised 175 university lectures from 20 different courses delivered by seven lecturers
and 56 school lessons from three classes taught by the same teacher. The data is described in the subse-
quent section.

Study design

For the current study, lessons and lectures at a university and a high-school were rated by students. The
study took place from October 2023 – February 2024. Before the commencement of the study, all lec-
turers and teachers at the university and school were familiarized with the feedback tool. All lectures
and lessons during this period were rated. Data were analyzed on the level of the classes. Each teacher/
lecturer was rated after each lesson with four feedback questions in a within-study design. Each student
had to rate the teacher with the broad student feedback question and with one feedback question from
all three domains of generic teaching quality. Those questions were taken from an evaluated and stand-
ardized questionnaire on generic teaching quality from G€ollner and colleagues currently in use in several
states in Germany (G€ollner et al., 2021). All four questions were randomly shuffled for each student at
each rating event (Figure 2).

Figure 2. Timeline and study design.
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Instruments

The student rating environment teacher Tunes
The study utilized the web-based feedback platform Teacher Tunes (teacher-tunes.de), created at LMU
Munich (Hartmuth et al., 2025). This tool gathers student feedback on lessons through a rating system.
Teachers sign up with individual accounts and create distinct courses for each participating class
(Figure 3).

After each lesson, students used their smartphones and a QR code (Figure 4) to rate the lesson with
several questions on a five-star scale (Figure 4). In order to collect reliable data for the three dimensions
of teaching quality cognitive activation, constructive support and classroom management we used the
items proposed and validated in the research project “Promoting Teaching Quality through Classroom
Observation and Feedback” (Manzi et al., 2022; Ruth-Herbein et al., 2022).

For full replicability, the exact item stems we used from G€ollner et al. (2021) are listed below, all on a
five-star scale:

Cognitive activation: The pupils are actively engaged in the classroom activities.
Constructive support: The teacher supports the pupils individually in their learning process.
Classroom management: The available lesson time is used for engaging with the learning content.
Category: broad student rating: Question: Rate the lesson.
Category: student activation: Question: The pupils are actively engaged in the classroom activities.
Category: constructive support: Question: The teacher supports the pupils individually in their learning

process
Category: classroom management: Question: The available lesson time is used for engaging with the

learning content. 5 Star rating scale for student rating: the students can rate the lesson from one to five
stars and submit their rating with the “confirm” button. Rating is possible only once from each device.

Data description
The objective was to measure and enhance the quality of teaching at schools by incorporating student
feedback in the plan-teach-reflect cycle of individual teachers (Chan et al., 2019). However, the collection

Figure 3. Front-end of the teachertunes.de website.

Figure 4. Star rating scale for student feedback: students can rate the lesson from one to five stars and submit their
rating by pressing the “confirm” button. Each device can only be used to submit one rating.
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of data involving minors is legally not straightforward, so for this study only 56 school lessons could be
rated. The opportunity to gather data from a high school setting represents a good opportunity for
advancing our understanding of educational sciences. Nevertheless, the data clearly lack representative-
ness as they were collected from three classes taught by the same teacher at the same school.
Accordingly, the hypotheses were analyzed from the university data, which will be contrasted with the
school data in the section dedicated to hypothesis three below.

Figure 5a illustrates the number of lectures that were rated over the study period. There is no dis-
cernible trend over time, and the data do not indicate a decline towards the end of the study, as
observed in previous research on student feedback (Hartmuth et al., 2025). On the right in Figure 5b,
the lecture data are visualized together with the corresponding average broad rating. Each dot is a rated
lecture and the darker the dot the more lectures obtained that rating on the same day. Remarkably,
there were no average broad ratings below 3, and 75% of the ratings lay above 4.33 with a median of
4.60 and a standard deviation of 0.37. There was a slight increase in average lecture rating over time,
however no structural change. As this study focused on the correlation between the question answers
rather than the development of ratings over time, this aspect was not subjected to further investigation.

The associations of the average broad rating with the three questions about specific dimensions of
teaching quality are depicted in Figure 6a (cognitive activation), b (constructive support) and c (class-
room management), and with the rubric score in Figure 6d. The range of the dimensions cognitive acti-
vation and constructive support is similarly small and even smaller for the dimension classroom
management and, hence, also the rubric score. All three dimensions and the rubric score were strongly
positively correlated with the average broad rating.

Statistical analysis

A histogram of the number of lectures held per day during the study period in a scatter plot with each
dot representing a lecture were used to detect changes in rating tendencies and rating behavior over
time.

As the associations appear to be linear, to answer hypotheses 1 and 2, we used the Pearson correl-
ation coefficient for further investigation. Confidence Intervals (CIs) were computed to denote the actual
size of the correlation.

Moreover, a rating score, referred to as a rubric score, was calculated as the arithmetic mean of the
three teaching dimensions, i.e. rubric score ¼ (average cognitive activationþ average constructive sup-
portþ average classroom management)/3.

In order to answer hypothesis 3 we ran t-tests for independent random sampling.

Figure 5. a) Histogram of lectures held per day during the study period. b) Date with average broad rating. Each dot
represents a lecture, with darker dots indicating a greater number of lectures with the specified combination of values.
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To give a graphic representation of our findings for hypothesis 3, boxplots for the four questions and
the rubric score grouped by cohort were constructed.

Results

Correlation analysis

Figure 7 presents all-pairwise correlations of the Pearson correlation coefficient, both numerically and
graphically. Four associations are of primary interest for hypotheses 1 and 2: the correlation of the

Figure 6. Average single question rating (broad rating -ordinate) plotted against Average rating of (abscissa) for a) cog-
nitive activation, b) constructive support c) classroom management and d) the rubric score. Each dot represents a lec-
ture with darker dots indicating a greater number of lectures with the specified combination of values.

Figure 7. Pairwise Pearson correlation coefficients, both numerically and graphically for the university data (N¼ 184).
The filled ellipses represent the correlation coefficients; a thin ascending ellipse represents a high correlation coefficient,
a more circular ellipse a low correlation coefficient.
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average broad rating with each of the dimensions of teaching quality and with the rubric score. They
are shown in the first row and column of Figure 7. The remaining correlations are included for
completeness.

Unsurprisingly, the values are all positive and rather large. Testing the hypothesis that the correlation
coefficient differs from 0 will certainly yield a significant correlation. More insightful are confidence inter-
vals (CIs) that specify an uncertainty region and suggest the actual size of the correlation. Table 1
denotes the coefficient values and lower and upper bounds of the 95%-CI for the four associations
defined in hypotheses 1 and 2. In 95 of 100 cases such an interval includes the true correlation value.
Calculations were performed in the open source software R and its function cor.test. Statistical details
can be found in Fahrmeir et al. (2023).

In all cases, the value of zero is not covered by the interval corresponding to the coefficients signifi-
cantly different from zero. The average ratings of the three dimensions of teaching quality are highly
correlated with the average broad rating, especially cognitive activation and constructive support. The
combination of each dimension, i.e. the rubric score, has an even larger positive association with the
average broad rating.

Evaluation of hypothesis 1

Hypothesis 1 was about the degree of correlation between our single question student feedback (overall
student feedback) and three questions of student feedback corresponding to the three main domains of
teaching quality (cognitive activation, constructive support and classroom management). Our data show
that the overall student feedback question result is highly and significantly correlated with all three
questions corresponding to the three main domains of overall teaching quality.

For the comparison of the overall student feedback with the question corresponding to the domain
cognitive activation we found a correlation coefficient of 0.82 with the 95% confidence interval ranging
from 0.76 to 0.86. Thus, the null hypothesis can be rejected The observed correlation is very high, show-
ing that measurement of both categories in situ yields comparable results.

For the comparison of the overall student feedback with the question corresponding to the domain
constructive support we found a correlation coefficient of 0.85 with the 95% confidence interval ranging
from 0.81 to 0.89. Thus, the null hypothesis can be rejected. The observed correlation is very high, show-
ing that measurement of both categories in situ yields comparable results.

For the comparison of the overall student feedback with the question corresponding to the domain
classroom management we found a coefficient of correlation of 0.74 with the 95% confidence interval
ranging from 0.67 to 0.80. Thus, the null hypothesis can be rejected. The observed correlation is very
high, showing that measurement of both categories in situ yields comparable results.

Evaluation of hypothesis 2

For hypothesis 2 (whether the rubric score constructed from the three student feedback questions on
the three domains of general teaching quality is correlated with the simple overall student feedback
question),we opted for the simplest option to weight all three questions equally in constructing the
rubric, from the myriad of ways of constructing such a score, by weighting the domains according to
their contribution to the overall score.

Our data show that the overall student feedback question is highly and significantly correlated with
the rubric score, higher than coefficients form the three questions corresponding to the three main over-
all teaching quality domains.

Table 1. Correlation coefficients and corresponding 95%-CI for the pairwise correlation between average broad rating
and the averages of the three dimensions of teaching quality and the rubric score.
Correlation between average broad rating and … Coefficient value Lower 95%-CI bound Upper 95%-CI bound

Cognitive activation 0.82 0.76 0.86
Constructive support 0.85 0.81 0.89
Classroom management 0.74 0.67 0.80
Rubric score 0.90 0.87 0.93
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For the comparison of the overall student feedback with the rubric score corresponding equally to all
three domains of classroom management we found a correlation coefficient of 0.90 with the 95% confi-
dence interval ranging from 0.87 to 0.93. Thus, the null hypothesis can be rejected. The observed correl-
ation is extremely high, showing that measurement of either of both ways in situ yields comparable
results.

Comparison of university and high school data

Figure 8 displays boxplots comparing the four questions and the score for the two cohorts. The line of
greater thickness situated inside the box represents the median, the lower border marks the first quar-
tile, and the upper border the third quartile. The box represents the central 50% of the data set, while
the lines extending beyond the box encompass the remaining two quartiles. Points are used to indicate
values that are outliers.

In all cases the median average ratings and the rubric score at school were lower than at university
and the variance in the school data were slightly larger. Besides these differences, the values in both
cohorts all lay above three and the size of the boxes was large, except for classroom management.
Values for constructive support was similar in both cohorts. The associations among the variables were
essentially similar to those observed in the university data. Figure 9 presents the analogous correlation
matrix for the school data. The sole distinction between the two cohorts was that in classroom manage-
ment the correlation was stronger than in the university data.

To ascertain whether there were discrepancies among the cohorts, t-tests for the means were con-
ducted, and the results are in Table 2. The calculations were again performed using the open-source
software R and its t-test function. The statistical details can be found in Fahrmeir et al. (2023). Note that
the means are compared here, whereas the boxplots in Figure 8 depict the medians (Fahrmeir et al.,
2023).

Evaluation of hypothesis 3

Hypothesis 3 was whether the two data sources in our study yielded comparable results.
Firstly, we looked at the correlation of the simple broad student feedback question with the other

three feedback questions, analogous to the procedure described for RQ1 and RQ2.
For the comparison of the broad student feedback with the question corresponding to the domain

cognitive activation we found a coefficient of correlation of 0.87; a high value indicating that measure-
ment of both categories in situ yields comparable results.

Figure 8. Boxplots for the four questions and the rubric score grouped by cohort.
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For the comparison of the broad student feedback with the question corresponding to the domain
constructive support we found a correlation R¼ 0.81.

For the comparison of the broad student feedback with the question corresponding to the domain
classroom management we found R¼ 0.87.

These findings parallel our findings from the university data set.
Secondly, we compared rating behavior on all four student feedback questions, as well as with our

calculated rubric score.
For the comparison of the mean ratings of the broad student feedback question, results showed that

students at university provided significantly higher ratings (mean 4.54) than high school pupils
(mean 4.30).

For the comparison of the mean ratings of the student feedback question corresponding to the
dimension cognitive activation results showed that students at university significantly rated higher
(mean 4.47) than those at high school (mean 4.17).

For the comparison of the mean ratings of the student feedback question corresponding to the
dimension constructive support results showed that students at university rate slightly, but not signifi-
cantly higher (mean 4.40) than school pupils (mean of 4.32).

For the comparison of the mean ratings of the student feedback question corresponding to the
dimension classroom management results showed that students at university rated significantly higher
(mean 4.62) than pupils at high school (mean 4.34).

For the comparison of the grand rubric or score corresponding equally to all three domains of teach-
ing quality results showed that students at university significantly rated higher (mean 4.50) than those
in school (mean 4.28).

The null hypothesis could be rejected in all cases except for the student rating question correspond-
ing to the domain constructive support, and we conclude that in general students at university show
comparable rating behavior for all evaluated student rating questions, but generally rated teaching qual-
ity more positively than pupils at school.

Figure 9. Pairwise Pearson correlation coefficients, both numerically and graphically for the school data (N¼ 71).

Table 2. Comparison of means between university and school data for the four questions and the rubric score and p-
value if the means significantly (95%) differed from each other.
Question Mean university Mean high school p-value

broad rating 4.54 4.30 0.002
Cognitive activation 4.47 4.17 0.001
Constructive support 4.40 4.32 0.215
Classroom management 4.62 4.34 <0.001
Rubric score 4.50 4.28 0.002
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Discussion

The aim of this study was to investigate whether a simple overall student feedback yields valuable infor-
mation on teaching quality and the measurement and development of a rubric score of ePCK in the
classroom environment.

In the following, results referring to the three hypotheses are interpreted and discussed.

Correlation of overall student feedback with domains of teaching quality

Our study on student feedback for science teachers delivered valuable insights. Our data show that if
student feedback is collected regularly, ratings between the posed questions will correlate highly. We
conclude that students are able to evaluate teaching quality in a given lesson with a simple overall stu-
dent feedback question just as well as with a more complex questionnaire on different domains of
teaching quality. Taking in situ restraints such as sparsity of time and complexity of interpretation of
complex data into account we argue that a simple overall student feedback question is preferable to a
series of more complex student feedback questions or a grand rubric (Chan et al., 2019). We also con-
clude that using relative data (change of performance) instead of absolute values in analyzing student
feedback is a suitable option, drawing focus towards development of ePCK and away from specific facets
of teaching quality that will all yield comparable relative results when measured in the classroom
(Davidowitz & Potgieter, 2016).

Correlation of overall student feedback with the rubric score

The highest correlation found was between the overall student feedback and our rubric score. The pur-
pose of a rubric score is to guide instruction and improvement, to facilitate self-assessment, and to
enhance communication (Chan et al., 2019). This is achieved by providing consistent evaluation and
clear criteria and standards. Collecting data on the various facets of teaching quality and creating a
rubric score provides a reliable indicator of a teacher’s ePCK (Shavelson, 2020). Our data show that this
score parallels our overall student feedback results. Considering that the rubric score itself expresses a
measure of ePCK, and not the items it is constructed from (Park & Kyung Suh, 2015), we suggest that it
may be just as useful and more feasible to collect overall student feedback instead. Especially in a
dynamic environment, where ePCK is seen as an emergent property, the total rubric score is the infor-
mation with the highest predictive value on future performance (Kahneman et al., 2021), hence what is
needed for a teacher

Comparison of student feedback between university and high school

Our data suggest that using overall student feedback in both high school and university environments
provide similar pre-service teacher advice. This finding is in line with previous studies comparing feed-
back in both environments (Seidel & Shavelson, 2007). The observation that mean values in university
are higher than those from high school may be due to factors we did not control for in our study such
as class size or grading (Wisniewski & Zierer, 2021)When relative performance is used to reflect develop-
ment of ePCK, the intercept or absolute values of ePCK are not considered directly.

Influence of student feedback on ePCK development

Overall student feedback is an easy-to-collect proxy for the ePCK of a teacher in a specific lesson (Rollett
et al., 2021). It mimics to a high degree a rubric score, which is more time-consuming to collect.
Moreover overall student feedback can be used to track teacher ePCK over time and over the course of
several lessons (Bijlsma et al., 2022). Measuring ePCK in each lesson shows a teacher in real time his or
her teaching performance, and this information is what a teacher needs to adapt his or her plan-teach-
reflect cycle and improve by iteration (Carlson et al., 2019). Making information on ePCK accessible for
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individual teachers gives teachers the opportunity to try out different teaching strategies and receive
immediate information on the success of their efforts (Manzi et al., 2022).

Limitations

In this study the number of school lessons in which student feedback was collected was considerably
lower than, and not as representative as, the broader database for the university. In order to draw con-
clusions for the high school setting with the same confidence as for the university setting, a larger study
with more participants would be beneficial.

However, our high-school dataset comprises only 56 lessons taught by a single teacher, whereas the
university sample covers 175 lectures taught by multiple instructors, which limits the generalisability of
our findings across teaching contexts.

Despite the small sample size for our high school data set, which can affect the validity of results
(D€oring & Bortz, 2016), we could report reliable results for hypothesis 3 and derive generalizations.

Not all research on ePCK focuses on the dynamics of the teaching environment and not all research
groups portray ePCK as an emergent property, where the construct is more than the sum of its parts.
When ePCK is framed as a more static construct of facets that can be summarised, the student feedback
on those facets (in our study cognitive activation, constructive support and classroom management)
becomes more valuable, and cannot easily be ignored or substituted.

Although our results show a strong correlation between a single feedback item and more elaborate
rubrics, relying solely on a one-question format risks oversimplifying the feedback process. In reality, the
precision of student evaluations may also hinge on factors such as learners’ cognitive maturity, their
familiarity with the rubric’s dimensions, and cultural or motivational biases that shape how they rate
instruction.

Overall, this study supports the idea of using simple overall student feedback to gauge and track indi-
vidual teacher’s ePCK in an adaptive feedback cycle and encourage further investigation in this field.
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