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A transfer process centered model for effective professional
development programs
Susanne Digel' and Jiirgen Roth!

'RPTU University of Kaiserslautern-Landau, Department of upper Mathematics Education, Landau,
Germany; s.digel@rptu.de

Research in mathematics education clearly indicates that using digital learning environments helps
to develop a conceptual understanding. However, schools have not exploited these findings so far.
Teachers state that there is a no visible agreement on the tenets of technology-enhanced teaching
(TET) and note a lack of respective professional development programs and teaching materials. The
key issue is to translate research findings into teaching practice. The TET professional development
program (TPDP) MaTeGnu for upper secondary mathematics is conceptualized to facilitate the
crucial transfer process from TPDP to teaching. In this paper we present the underlying transfer
process model for TPDP and the results of two evaluation studies of the TPDP MaTeGnu drawing
on two impact levels in the transfer process model, teaching practice and student learning. The
findings provide significant empirical evidence on the effectiveness of the MaTeGnu concept.

Keywords: Professional growth, professional development program, evaluation, conceptual
understanding, PDP transfer process.

TPDP as driver for the advancement of teaching

Teachers can act as intermediaries for the implementation of research findings in teaching practice.
The initial and secondary phases of teacher education form the basis, while in the tertiary phase
professional development programs provides ongoing support for teachers throughout their careers,
helping them to implement subject-specific teaching concepts. However, for PDPs to be effective,
the design must incorporate elements that genuinely reflect teachers' teaching practices. In their
systematic review on PDPs with a special focus on TPDPs, Lipowsky and Rzejak (2019) identified
ten essential characteristics for effective PDPs, among them integration of input, testing, feedback,
and reflection phases as well as promotion of cooperation among teachers. These characteristics are
incorporated in an offer-and-use model for PDPs that identifies five categories of influencing factors
and success metrics of PDPs. These are the quality and quantity of learning opportunities (offer), the
characteristics of the teacher educators, the perception and utilization of learning opportunities by
participants(use), the characteristics of participants and the school context. All these factors influence
the transfer process, which in turn predominantly moderates the effects of PDP, that are described by
four levels of success, leaning on Kirkpatrick’s four levels of training evaluation (Kirkpatrick &
Kirkpatrick, 2016). Although Lipowsky and Rzejak (2015, 2019) put the transfer process in the center
of their offer-and-use-model, they do not elaborate on this pivotal element. In our proposed 7PDP
transfer process model (see Figure 1), we aim to answer the important question of how this transfer
process should be designed to implement particularly effective TPDPs. It consists of four interrelated
components, the prerequisites, the offer, the transfer process, and the four levels of impact. The
teachers individual transfer process forms the focal point of the model. Teachers encounter new
concepts and knowledge in the TPDP. Integrating these elements into one’s individual teaching
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Transfer Process Model for Teacher Professional Development Programs
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Figure 1: TPDP transfer process model (Digel and Roth, 2025)

practice is an individual process, that Fiitterer et al. (2024) describe in three stages: unfreezing,
changing and freezing. At first, teachers carefully review their teaching design, focusing on specific
learning goals (unfreezing). Next, teachers adapt their teaching and review the classroom
implementation iteratively (changing). As soon as they are convinced with the results, they
consolidate their concept (refreezing). This complex endeavour demands for organizational and
conceptual support that needs to be provided by the TPDP. Impact in turn can be identified on four
levels: the participants perception of utility and relevance (reaction), their acquisition and
enhancement of knowledge, skills and attitude (learning), the enhancement of teaching practices and
quality (behaviour) and finally on the most remote level the advancements in learning and
performance of students through adapted teaching practice (results). The TPDP transfer process
model can only be outlined briefly here. For a more detailed discussion see Digel and Roth (2025).

Implementation of the TPDP transfer process model in MaTeGnu

MaTeGnu seeks to remediate current issues in upper mathematics education, namely significant
deficits in mathematics skills (Rolfes et al., 2021), missing conceptual understanding and a focus on
formalism in teaching. As conceptual understanding is rooted in the development of basic mental
models (Greefrath et al., 2023), which in turn have proven to be beneficial in technology-enhanced
teaching for learning mathematical concepts (Digel & Roth, 2022), MaTeGnu as a TPDP aims to
exploit the potential of technology for instructional quality to support students' conceptual learning
with a focus on basic mental models. The objective of MaTeGnu is to provide systematic support for
teachers in upper secondary mathematics teaching, incorporating the topics derivatives, integrals,
analytic geometry, matrix calculus, statistics, and exponential functions. To ensure a sufficient focus
on subject-specific content and student learning processes and an appropriate relationship between
the duration of the programme and the desired goals (Lipowsky & Rzejak, 2019), MaTeGnu TPDP
covers the entire upper secondary school cycle, spanning three years (organizational offer:
appropriate duration). As part of the organizational offer and support MaTeGnu literally
accompanies the participating teachers with their upper secondary mathematics course through the
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MaTeGnu TPDP structure
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Figure 2: MaTeGnu TPDP structure (Digel and Roth, 2025)
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complete upper secondary cycle (organizational support: implementation, practical relevance)
through Module events and professional learning communities (see Figure 2), which enables
professional cooperation, a key influential factor for PDP and student learning (Lomos et al., 2011).

The joint full-day TPDP events with lectures and workshops (quality & quantity of learning
opportunities) address the teaching of the following time span until the next event with subject-
specific (technological) pedagogical content knowledge and core practices, e.g. on basic mental
models, digital learning environments and tool use (offer: core practices of teachers, deep structure
features, learning strategies) and dedicated teaching material® (offer: quality & quantity of teaching
material). The heart of the MaTeGnu transfer process form the PLCs led by a MaTeGnu teacher
educator tandem, where continuous conceptual and organizational support is provided. MaTeGnu
teachers seek and receive support for and exchange ideas about the implementation of the concept
and teaching material (coaching, collegial cooperation), discuss (feedback) and reflect collectively
on their teaching experiences and their transfer process (implementation / reflection), identify best
practice and analyse student interaction (perceive efficacy) and receive individual support from
MaTeGnu teacher educators (feedback / coaching). The MaTeGnu teacher educators themselves
participated in the complete three-year MaTeGnu TPDP cycle, to gain extensive experience in the
MaTeGnu teaching concept and material. Thus, the teaching material’s practicality is assessed in
different teaching contexts and refined as well as elaborated based on the individual transfer process
experiences of the MaTeGnu teacher educators. (Educators: concept-teaching-experience).

A central objective of conceptual support is to develop and consolidate core practices for teaching
with technology for understanding. These core practices target conceptual understanding with basic
mental models and technology-enhanced teaching (e.g. foster self-guided learning strategies in
digital learning environments; coach reflected digital tool use and documentation in problem solving
and modelling), but also constructive alignment of teaching and assessment (Biggs, 1996) regarding
both technology and conceptual understanding. Implementing this principle results in higher learning
outcomes, higher perceived competence and less feeling of pressure (Leber et al., 2016).

! The teaching material is OER and the first module (derivatives) can be accessed under https://mategnu.de/m/l1e
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Evaluation of the MaTeGnu concept

The evaluation of MaTeGnu TPDP also validates the underlying TPDP transfer process model and
hence incorporates all four levels of training impact outlined above. In this article we present selected
results on conceptual understanding in the content area of derivatives (module 1) from a first study,
located on level four (results) and from a second study, located on level three (behavior).

The first study assesses student learning, precisely the conceptual understanding of derivatives. This
fourth level of training impact, which is the furthest remote from the training itself, but at the same
time mostly core objective of PDPs is seldom evaluated in studies concerning the effectiveness of
training (Stahnke et al. 2025). To evaluate the actual effects of the TPDP on the students' learning,
the study compared students in mathematics classes participating in MaTeGnu to those in regular
mathematics classes regarding their conceptual understanding in the topic of derivatives.

RQI1: Does the understanding of the concept of derivatives of students in MaTeGnu
mathematics classes differ from that of students in regular mathematics classes?

The second study assesses the enhancement of teaching practice, more specifically integrating the
crucial aspect of constructive alignment, it assesses the mathematics class exams as indicator for an
aligned teaching and assessment practice based on conceptual understanding. Exam tasks for the topic
derivatives of participating teachers before the start of the program are compared with those deployed
during the TPDP implementation in the MaTeGnu mathematics class.

RQ2: Are there differences in the assessment practice based on conceptual understanding of the
participating teachers before and during MaTeGnu TPDP in the topic of differentiation?

Method

To address RQ1, a test on conceptual understanding of derivatives (CUD) based on Klinger (2018)
is utilized together with a test on basic mental models of derivatives (BMMD) with items from
Greefrath et al. (2023). The test is scheduled for 45 minutes and evaluates the learning outcomes of
students after a series of lessons on derivatives. The combined test (CUD, BMMD) is carried out in
a multi-matrix design, with a total of 58 items, distributed across six booklets with 14 anchor items.
Due to limited space this paper presents the results on conceptual understanding (CUD), further
results can be found in Digel and Roth (2025). The open answer items in the CUD test are coded with
the solution criteria provided by Klinger’s code manual (2018) and transferred to a dichotomous
rating using predefined criteria thresholds. The dichotomous data from CUD is analyzed using IRT
in a joint dataset of EG and CG. The person ability scores from the Rasch model are used for further
analyses on EG and CG and subscales of the test. Cronbach’s alpha is calculated for reliability, and
a Welch-Test is performed to determine differences between experimental (EG) and control group
(CG). The students from the /8 MaTeGnu mathematics classes of the MaTeGnu teacher educators
form the experimental group (Neg=151, 76 female, 75 male, 0 diverse; age M=17.0). Data was
collected from June to December 2024. Prior to the start of the MaTeGnu, 45 mathematics classes
from the schools of the teacher educators also participated in the CUD (control group. No MaTeGnu
TPDP treatment took place before and during teaching of derivatives in this group (Ncc=571, 276
female, 294 male, / diverse, age M=17.1). Data was collected from June to November of 2023.
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For RQ2 qualitative content analysis is used to analyze exam tasks. The assessment practice based
on conceptual understanding is operationalized in the coding manual in two dimensions. The
dimension activities examines which operators according to the operator list of the central final exams
(IQB, 2019) are used, at which level of cognitive activities the task is located according to the
hierarchy of cognitive activities (Barzel & Ebers, 2020) and if the task evokes merely automated
procedures or demands for custom processing indicated by the structure of task types (Eilers &
Bergmann, 2010). The dimension of conceptual understanding examines which basic mental models
of derivatives (Greefrath et al., 2023) and concept-oriented skills (HuBmann & Prediger, 2010) the
tasks address. The data presented here also refers to the evaluation study in the MaTeGnu teacher
educator sample (N=18). Data was collected in Spring 2023 and the first half of 2024. To enhance
reliability, the analysis is carried out as a mixed task pool pre and post (Np,. = 56 and Np,5; = 54).
Intercoder reliability is determined from ten percent of double-coded tasks.

Results

Study 1 on conceptual understanding of students (level 4): The total CUD data shows good reliability
in the Rasch model (relwie = 0.80) and mostly acceptable reliability in the divided groups and
subscales. Table 1 lists Cronbach’s alpha values for reliability, mean values and standard deviations
for each subscale in the control and experimental group and the results of the Welch-tests between
both groups. In the MaTeGnu classes (EG) students show significantly higher conceptual
understanding than students in the control group with a small to medium effect. The difference
between EG and CG is highest in the subscale (SIT), formed by the contextualized tasks, with an
almost medium effect. In the subscale for graphical derivations the scores in EG are slightly lower
than in CG, but not significant with a discussable reliability of this subscale in the experimental group.

Table 1: Cronbach’s alpha reliability, mean value, standard deviation and effect size of the CUD and
its subscales in experimental (EG) and control group (CG)

TOTAL SIT GF GD
CG EG CG EG CG EG CG EG
ac 057 | 060 | 070 | 080 | 046 | 055 | 065 | 0.50
M 503 | 606 | 154 | 227 | 166 | 207 | 1.84 | 1.69
SD 820 | 9.01 | 246 | 273 | 1.83 | 250 | 242 | 1.93
t(225)=3.78 1(225)=4.92 £(210)=2.93 €(257)=-1.08
Welch-Test p<0.001 p<0.001 p<0.01 p=0.140
d 0.346 0.451 0.268 -0.099

CUD Subscale SIT: situational context; GF: formal-symbolic with graph; GD: graphical derivation

oc: Cronbach’s alpha reliability; M: mean value; SD: standard deviation; d: Cohen’s d effect size

Study 2 on assessment practice based on conceptual understanding (level 3): The double coding using
the coding manual shows good intercoder reliability (/CC = 0.74). In the activities dimension (see
Figure 3) at the first measurement point (PRE) approximately half of the tasks address the lowest
level (level 1) of cognitive activation in the procedural scale. In addition to the expected number of
basic structure types, there are also reasoning as well as difficult determination and reversal types in
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Figure 3: Level of cognitive activities in and types of tasks in CG and EG

the PRE tasks. The POST tasks show a shift from procedural level 1 to conceptual level 2 as well as
a shift from basic structure type to reasoning and difficult determination types.

In the dimension of conceptual understanding (see Figure 4) there is a focus on basic mental model
tangent slope in PRE (11 tasks), which decreases in POST (9 tasks). The basic mental model /ocal
rate of change 1is already present in six PRE tasks but still increases to eight POST tasks. The basic
mental models local linear approximation and amplification factor are not present in PRE tasks, but
the former is present in three POST tasks.

Concept-oriented skills Basic mental models
14 14
12 12
10 10
8 8
6 6
s ' I
2 2
: n ol .. [
Graphical Absolute & Mean & instant. State and Local rate of Local linear Tangent
derivation relative change  rate of change change change approximation slope

Figure 4: Tasks addressing basic mental models and concept-oriented skills in CG and EG

As for concept-oriented skills the total number of tasks addressing these skills does not change from
PRE to POST. Tasks demanding graphical derivation are the most frequent and those requiring
distinction between state and change are least frequent, both at the same level PRE and POST. The
distribution of tasks addressing absolute and relative change and those addressing mean and
instantaneous rate of change are inverted PRE to POST.

Discussion

For RQl we can conclude that MaTeGnu students show significantly higher conceptual
understanding and score most different from others in contextualized tasks, where conceptual
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knowledge must be applied. As for RQ2, a broader range of basic mental models is addressed in the
MaTeGnu classes’ exam tasks and more demanding concept-oriented skills (mean and instant rate of
change) are required. In the activity dimension higher levels of cognitive activities are reached, and
tasks shift from the procedural to the conceptual domain. The number of basic structure tasks
decreases and makes room for more difficult determination and reasoning tasks. Regarding the
MaTeGnu TPDP concept, the results at the most distant level of TPDP impact and the enhancement
of conceptual teaching together with the attainment of constructive alignment underline that the focus
on the transfer process in conjunction with conceptual and organizational support is effective.
Improved student learning through TET with a focus on basic mental models indicates that the TPDP
model aspects deep structure features, learning strategies, quality & quantity of teaching material
(conceptual offer and support) seem to have promoted the transfer process. The enhancement of
teaching practice (evident in the results of the second study) can likely be attributed to the practical
TPDP model aspects core practices, implementation & reflection, cooperation and relevance. The
evaluation cycle for the first cohort (currently in progress) is expected to provide further insights into
the effects of concept-teaching-experience, feedback & coaching on the transfer process. Finally, the
MaTeGnu implementation of the TPDP transfer process model uses technology as a conduit to foster
conceptual understanding. Nevertheless, a technology-centered evaluation on the impact levels two
to four is also subject to current research.
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