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This article presents a shift from traditional “technical” professional development

(PD) to a PD of “praxis” and reflects on the benefits and barriers that this

entails. Often, PD in digital technology is unsustainable because it provides

simple tips or a few sample lessons that teachers are happy to deliver until

the technology fails or becomes obsolete. PD in which teachers are actively

engaged in exploring their own practice and understanding the rationale

behind the implementation of technology is more likely to result in teachers

who can adapt current technologies and reflect on the constraints they

inherently present. Professional learning communities (PLCs), as a long-term

support for PD, allow this to happen within the context of the school and its

specific affordances. This article describes one such innovative PD program

designed and developed by a team of one researcher and three teachers

and implemented with 51 teachers from 10 primary schools in Luxembourg.

The primary goal of the PD program was to support teachers in using a

digital learning platform for mathematics in their classrooms. The secondary

goal was to facilitate the emergence of PLCs within their schools, so that

teachers could support each other in the long term. The format of the

program was with and about technology, as it was also delivered online,

with teachers meeting face-to-face and working together in their schools.

The collaborative nature of the program—the fact that teachers had to set

common goals for the training, design and plan collaborative activities, and

reflect on how best to integrate the digital learning platform into their classroom

practice—was the greatest benefit reported by teachers in all groups, and it

increased over the six consecutive training sessions. Most teachers reported

that the frequency of their use of the digital learning platform in the classroom
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increased and strongly increased as a result of the training. New designs 

for teacher PD with and about digital technologies can build on theories 

of effective teacher professional learning through PLCs and provide teachers 

with a safe and sustainable environment in their school for further practice 

and development. 

KEYWORDS 

professional development, digital technologies, professional learning communities, 
mathematics, primary education, technology adoption 

Introduction 

Professional development (PD) programs on emerging digital 
technologies (DT) are shifting their focus from providing a 
few sample lessons using the technology to supporting teachers 
in developing a shared, collaborative, and applied vision of 
expected practice. Such PD for, with, or about digital technologies 
(PD-DT), built on collaborative teacher practice, can have a 
positive impact on teachers’ adoption and use of technology 
(Ni et al., 2021). More insight is needed into the benefits and 
barriers of organizing and implementing such PD-DTs, which 
aim to support teachers in collaboratively exploring their own 
practice with the technology as a means of professional learning 
(Lomos et al., 2023a). 

Putting digital learning technologies into practice takes time, 
and teachers need various forms of support to make it work 
(Bidarian et al., 2011). Teachers need to consult with their 
colleagues and test the technology to determine what works best 
for them (Loogma et al., 2012). PD-DTs should be designed 
to create conditions in which teachers can actively engage in 
exploring their own practices with the technology and reflect 
on new discoveries and best practices together. PD-DTs must 
provide long-term and varied support that is available whenever 
teachers require it, especially as the technology evolves and presents 
unique challenges that were not anticipated during the PD-
DT implementation. 

One way to provide such sustained development opportunities 
is through professional learning communities (PLCs) (Lomos, 
2012). This article presents and analyzes the specific outcomes 
of such PD-DT, as well as the direct feedback and reflections 
of the participating teachers. The primary goal of the PD-DT 
was to introduce teachers to a new digital learning platform 
for mathematics in primary education. The secondary goal was 
to develop each group of teachers in their school into a PLC. 
Each group in their school had to coordinate collaboratively its 
own learning experience, with a goal of moving from traditional 
“technical” PD to a PD of “praxis.” The teachers met in their 
school as a group without a trainer and accessed the PD-DT 
online. This article presents the rationale, creative work, structure, 
and pedagogical principles behind this innovative program. More 
importantly, it addresses our objective of understanding how 
teachers perceived the program over time and answers our implicit 
research question: 

RQ: Which factors shaped teachers’ reported benefits and 
barriers regarding the program? 

Background for the educational 
innovation 

The study focuses on the development of MathemaTIC, a 
digital learning platform for mathematics aimed at supporting 
and enriching the classroom practice of primary and secondary 
school students and teachers. MathemaTIC (2015)1 is the digital 
learning platform developed in Luxembourg since 2015 and 
initially proposed to primary school teachers, who are the focus 
of this study. MathemaTIC was part of a national initiative in 
education called “Digital (4) Education” (MENJE, 2015), which 
aimed to develop specific student competencies, namely “digital 
worker, digital peer, digital citizen, digital entrepreneur, and digital 
learner.” 

MathemaTIC covers the national curriculum for primary and 
secondary mathematics and proposes more than 700 learning 
items to help students learn and practice mathematics. All these 
items are available in four languages, namely German, French, 
English and Portuguese, in line with the multilingual context of 
the educational system, through animations, instructional videos, 
written and spoken content. The most relevant feature for teachers 
is the “Teacher View,” which provides them with the tools to see 
what students have done while working on the platform, which 
exercises they have completed, and their level of performance. 
With this knowledge, teachers can use the “Agenda” tool in the 
platform to assign specific tasks from a domain or with a specific 
level of diÿculty to an individual or a group of students. In other 
words, the platform provides teachers with numerous tools and 
opportunities for individualized and dierentiated learning, as well 
as for remediation and creative use. 

Given the complexity of the digital learning environment and 
the many tools and activities that teachers could use, create, or 
assign in the platform, an extended PD program was designed and 
proposed to teachers in the adoption process, called “Professional 
Learning Communities for MathemaTIC” PLC for/fir Mathematic 
(2018),2 as described below. 

Pedagogical framework underlying 
the educational activity 

Previous empirical evidence on teachers’ technology adoption 
has introduced “the learning curve for new technology software” 

1 https://mathematic.lu/ 

2 https://www.mathematic.lu/plc/ 
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and “the technology adoption curve” (Aldunate and Nussbaum, 
2013, p.520), models that indicate that, teachers, as adopters, 
need to invest significant time in discovering and using the 
technology until the benefits are visible in their classroom practice. 
Furthermore, the amount of time teachers invest in incorporating 
the technology into their classroom practice is positively related 
to the likelihood of adopting and using the new technology 
(Lomos et al., 2023b). The implication of these previous empirical 
findings is that teachers need long-term support to adopt new 
technologies into their practice, which is available when teachers 
face dierent entry and exit points or diÿculties caused by the 
technology’s complexity. Collaboration among teachers that is 
formally structured in schools, such as within PLCs, has the 
potential to support teachers in their adoption process (e.g., 
Chaseling et al., 2014; Donnelly et al., 2011; Lomos et al., 2023a,b; 
Loogma et al., 2012). 

Professional communities: school-wide 
culture of collaboration 

In the present study, we used the design principles of 
professional communities as a facilitator of teacher PD-DT aimed 
at enriching teachers’ use of digital learning tools in their classroom 
practice. The term Professional Community (PC) was first defined 
in the United States (e.g., Hord, 1997; Little and McLaughlin, 
1993; McLaughlin and Talbert, 2007; Siskin, 1994). Most of the 
quantitative studies that have operationalized and measured PC 
uniquely from other concepts of teacher collaboration have used 
five characteristics defined as follows: 

(1) “Shared sense of purpose” refers to the extent to which teachers 
agree with the school’s mission and its operating principles; 

(2) “Collective responsibility for student learning” indicates 
teachers’ mutual commitment to student success; 

(3) “Deprivatization of practice” is the extent to which teachers 
observe each other’s teaching for feedback purposes; 

(4) “Collaborative activity” is a temporal measure of the extent to 
which teachers engage in collaborative practices; and 

(5) “Reflective dialogue” refers to the extent to which teachers 
discuss specific pedagogical issues with each other on a 
professional basis. 

(e.g., Bryk et al., 1999; Lee and Smith, 1996; Louis and Kruse, 
1995; Louis et al., 1996; Louis and Marks, 1998; Newmann and 
Wehlage, 1995; Wiley, 2001; in Lomos, 2012). 

However, our goal was to support teachers’ professional 
learning by building on the characteristics of school-based PCs, 
ultimately aiming to create school-based professional learning 
communities. Participating teachers engaged in active learning in 
a collegial manner. This approach was not limited to “one-shot 
experiences,” but rather extended over sustained periods of time 
and was supported by school management (Borko et al., 2010). 
Given the explicit focus on teacher learning processes supported by 
specific school conditions in this PD-DT, we convened and worked 
to create professional learning communities (PLCs) in schools 
guided by the definitions and operationalization of the PLC concept 
and format (e.g., Hord et al., 1999; Stoll and Louis, 2007). 

However, participating in PLCs does not automatically result 
in changes to teachers’ instruction. As Little (1990) cautions, 
whether such changes occur probably depends on the nature of 
teachers’ collaboration. Kennedy (2016) emphasize that collegial 
collaboration can help teachers modify their classroom behavior, 
especially when the focus is on the issues and concerns arising from 
daily instruction. This is why PLC formats are increasingly used 
to enhance teacher collaboration, professional development, and 
school improvement. 

Learning environment, learning 
objectives and pedagogical format 

Building on the five characteristics of PCs, and with the 
explicit goal of teacher learning, the PD-DT was organized into 
six monthly sessions (starting with an introductory session) spread 
over an entire school year. These sessions were designed to take 
advantage of the many tools and activities that can be done 
in the MathemaTIC as shown in Figure 1a [see Lomos et al. 
(2025) for more details on the PD-DT design]. Each group of 
teachers at their respective schools collaborated to design their 
own learning experience, with the goal of transitioning from 
traditional “technical” PD to PD based on “praxis.” The teachers 
met at their schools as a group without a trainer and accessed the 
PD-DT online on the Moodle platform, a widely used Learning 
Management System. The content, presented through videos and 
digital demonstrations, covered digital learning technology and 
PLC practices. During each session, the teachers completed two 
collaborative tasks that allowed them to practice and reflect on their 
work and the technology’s specific applications. 

The PD-DT had two goals. The first goal was to support the 
participating groups of teachers in developing into PLCs around 
the PD-DT. To this end, the six sessions focused on introducing and 
practicing the known dimensions of a PC (Figure 1a), while most of 
the time in the six sessions was spent on MathemaTIC applications 
(Figure 1c). 

All sessions were designed, developed, and implemented by 
a team of one researcher and three teachers with experience or 
interest in digital learning in mathematics, as shown in Figure 2a. 
Over time, other collaborators joined the team, including master’s 
students in education and other disciplines, who enriched and 
expanded the program’s content [see the “Professional Learning 
Communities for MathemaTIC” PLC for/fir Mathematic (2018)2 

website for more information on all collaborators]. The team 
designed the activities and tasks from scratch and developed all the 
video materials (Figure 2b). These included instructional videos of 
us (Figure 1b) for the PLC portion and demonstration videos and 
ideas for lesson plans for the MathemaTIC portion (Figure 1d) [see 
Lomos et al. (2025) for more details on the PD-DT design]. 

In terms of Format, teachers had to attend each session as a PC 
in their school. The only way to follow the PD-DT was for a group 
of teachers to participate together, preferably all the teachers of a 
particular grade in the school. They had to decide when to meet and 
work together in the school for 1 h 30 min to complete one training 
session per month. The materials were provided on the national 
teacher-training institute’s (IFEN) Moodle platform, a widely used 
Learning Management System (Figure 2c), and there was no on-site 
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FIGURE 1 

The PLC for MathemaTIC program; (a) the organization into six sessions, with the first part of each session devoted to one of the five PC 
characteristics; (b) the format of the videos and materials for the PC part of the training; (c) the second part of each session devoted to the content 
and applications of MathemaTIC; (d) the format of the demonstration videos and lesson examples for MathemaTIC. 

trainer. Teachers were required to take on assigned roles and follow 
a clear session structure. 

Each session included two group work tasks, which provided 
opportunities for teachers to co-create knowledge and generate 
their own learning as a group, what we call in this study PD of 
“praxis.” The results of these collaborative tasks – one PLC-related 
and one MathemaTIC-related task in each session – were uploaded 
to the Moodle platform, and teachers received detailed feedback 
from the team of trainers after each session (Figure 2d) and they 
were asked to reflect on the feedback at the beginning of each 
session. Based on their actual practice, shared sense of purpose 
for the training, and their reflection on the feedback, teachers 
were expected to develop new content knowledge and shared 
pedagogical knowledge (Mishra and Koehler, 2006) by finding the 
most eective and adapted way to integrate MathemaTIC into 
teaching and learning mathematics in their classrooms. 

Processes and data 

Data collection and data analysis 

In order to know how well the program was being received, 
we collected data through a mix of open-ended and closed-ended 
questions posed to teachers individually via an online form after 

each of the six sessions over the course of a school year. The results 
report the benefits and barriers that teachers perceived as part the 
six-sessions PD-DT. 

A total of 51 teachers from 10 schools in Luxembourg 
voluntarily signed up online to participate in the PD program. The 
PD-DT and implicitly the study were communicated to all primary 
schools in Luxembourg by means of a brochure and a public website 
(see text footnote 2). 

29 teachers from 6 schools attended all 6 sessions and 
completed all individual and group tasks, and their anonymous 
data were analyzed for this study. Not included in this study are 
the 16 teachers from 4 schools and 6 teachers across the remaining 
schools who dropped out of the PD mostly after the first session. 
The main reason reported for dropping out was that the PD-DT 
did not meet their expectations, especially in terms of the content 
and focus of the PD (i.e., PLC characteristics or MathemaTIC). 

We used thematic analysis (Braun and Clarke, 2006) to analyze 
the teachers’ responses to the open-ended questions asked at the 
end of each of the six sessions (see the Supplementary Material for 
the exact questions). The questions asked the teachers about their 
impressions of the session and their overall satisfaction with the 
training. We developed a coding scheme (see the Supplementary 
Material for the complete coding scheme) based on theoretical 
considerations and the specific characteristics and goals of the 
training. We coded the responses on three levels of interest, in 
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FIGURE 2 

(a) The team that developed and delivered the training; (b) the process of designing and producing the session materials; (c) the Moodle platform; 
(d) the important role of feedback in this PD. 

order to ensure the precision of the codes. Level 1 marked if 
the segment was considered a benefit or a barrier. A Level 2 

was indicated whether the segment referred to MathemaTIC or 

to PLC, considering the dual aim of this training, or to other 

organizational aspects of the training. Finally, Level 3 indicated 

the codes of interest for this study, the format and design of 
the training, its collaborative organization within schools, and its 
PLC and MathemaTIC (MTIC) content providing an in-depth and 

specific meaning of the segments in light of the coding scheme (see 

Supplementary Material for examples). 
The first step performed in analyzing the data was to segment 

the teachers’ responses into meaningful segments. Two people, an 

expert researcher and a trained researcher carried out this task. 
The second step performed was to code the segments using the 

provided coding scheme. This time two other researchers coded the 

segmented data, one expert in the topic and one trained in the topic, 
with a satisfactory agreement on parts of the coded data. 

Results 

The perceived barriers 

These results are based on the coded segments of the responses 
provided by the teachers, with a focus only on Level 1 and Level 3 
of the coding scheme. 

Of the 750 relevant segments for the present coding scheme 
across the six sessions, 37% of the segments (280) were coded as 
identifying a barrier of the PD program, as shown in Figure 3. 
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FIGURE 3 

Barriers and benefits coded based on teacher reports. N = 29 teachers, 6 groups (3 groups of 4 teachers, 2 groups of 5 teachers, 1 group of 7 
teachers); sum of segments across sessions 1 through 6. 

The figure also includes the definitions of the codes used in 
Level 3 of the coding scheme. The complete coding scheme can be 
found in the Supplementary Material. 

The Training design, which is a mix of PLC content and 
MathemaTIC content, and the Format, which is training delivered 
online but in the school through videos and group tasks, were 
perceived as barriers. Some examples of the segments coded 
as barriers to the Training design are “I find the part about 
MathemaTIC more interesting than the part about PLC”; “we 
still do not talk enough about the method (MathemaTIC), in my 
opinion.” And some examples of segments coded as barriers of 
Format are “Unfortunately, we had a lot of problems connecting 
to and loading the videos”; “The training platform is not very 
clear, and collaborating on documents is diÿcult.” More such 
examples of the segments coded across sessions can be found in 
the Supplementary Material. 

The perceived benefits 

From the 750 relevant segments for the present coding scheme 
across all the sessions, 63% of the segments (470) were coded as 
identifying a benefit of the PD-DT program, as shown in Figure 3. 

Collaboration and Training design were perceived as the most 
beneficial aspects of the training. Some examples of the segments 
that were coded as benefits of Collaboration are “For me, it was an 
interesting and new form of collaboration. The exchange between 
the individual participants was very informative”; “We had lively 
and motivated discussions.” And some examples of segments coded 
as benefits of the Training design are “I like the mix as it is now: a 
bit of theory to better understand PLC without having to read a lot 
of literature, while still keeping the focus on the practice to better 
understand MathemaTIC and to use it more eÿciently in everyday 
school life.” More examples of the segments across sessions can be 
found in the Supplementary Material. 

Going deeper into Collaboration 

In terms of Collaboration, we find that it is perceived as the 
most beneficial across all six sessions. Teachers agree across all 
sessions that the collaborative format is the most beneficial to their 
work in this PD program. In addition, Collaboration was perceived 
as one of the most important benefits, rather than a barrier (see 
Figure 3). They expressed their positive perception of the PD 
program as a whole: “We realized how well we function as a group. 
We have an idea for an interesting future project for our students 
and our school,” and “we were always on the same page, and we 
agreed to work together on future projects.” 

It is also important to note whether one group in particular 
perceived Collaboration as a benefit, or whether all six groups 
did. As we can see in Figure 4 — Collaboration as benefit, all 
groups perceived Collaboration as a benefit; one or a few groups 
did not drive this result. We see that only one group reported 
that Collaboration is also a barrier for their practice in this PD-
DT (see Figure 4 — Collaboration as barrier). This was mainly 
determined by their diÿculty in giving feedback to each other in 
session 4 (Shared Practice), some of their reports were “Feedback 
is very diÿcult in our job because some colleagues would not 
accept it, even if it is constructive.”; or “I feel like we are not in 
a position to observe others’ lessons, this right belongs only to 
someone superior.” 

Perceived impact of the PD-DT 

In session 5, teachers were asked to rate the perceived impact of 
the training on their use of DT and MathemaTIC in the classroom. 
The majority of teachers in all groups indicated that the frequency 
of their perceived use of MathemaTIC during lessons had increased 
(14 out of 29 teachers) or greatly increased (9 out of 29 teachers) 
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FIGURE 4 

N = 29 teachers, 6 groups (3 groups of 4 teachers, 2 groups of 5 teachers, 1 group of 7 teachers); sum of segments across sessions 1 through 6. 

since the start of the PD because of the training. However, 6 
teachers in 4 groups did not perceive an increase in their use of 
MathemaTIC. Some teachers wrote “I use MathemaTIC more now 
than before. The training provides ideas on how to work with the 
program. This motivates you to try some things.” 

Discussion and lessons learned 

Implications for practice 

A first practical implication relates to the Format and the fact 
that teachers appreciated being able to meet at their school when 
it was most convenient for them and always have access to the 
videos and demonstration materials. However, teachers need to be 
given more time to get used to the digital format, especially in the 
first session, as they initially reported technical and user-related 
diÿculties with the online PD platform. 

In terms of Training design, we have learned that this requires 
more reflection in the future, and we need to conduct more 
in-depth analysis of the data in this direction. Teachers do not 
automatically work well together as a team, and it takes time 
and support to develop into a highly functioning community 
(Dingyloudi and Strijbos, 2014; Dingyloudi et al., 2019). For this 
reason, this PD-DT had a dual goal and focus, with each session 
first discussing the PC and PLC concept and practice, and second 
introducing and practicing MathemaTIC. We found in this study 
that this dual focus – on PLC and on MathemaTIC - was perceived 
by teachers as both a benefit and a barrier, and it led to dropout 
after the first session. Further research is needed on how best 
to support groups of teachers in becoming PLCs while working 
around a digital tool, and on the types of protocols that scaold 
professional learning in various contexts, beyond explicit content 
and time dedicated during the training. 

Collaboration was reported as the greatest benefit of the 
training by all groups of teachers and in all sessions. Teachers 
valued this way of working, which was supported by explicit 
tasks and clear organization in this PD-DT. In our current 
follow-up work, we are continuing the in-depth analysis of the 
teachers’ reports to understand what exactly supported them in 
their collaborative work and how we can leverage such generated 

PLCs for future PD-DTs. We know that teachers trust their 
knowledgeable colleagues more than almost anything else (Fowler 
et al., 2022). This may be another reason why collaboration worked 
and it was perceived as the most beneficial aspect of the training. 
In addition, teachers mentioned the history of the group in terms 
of their previous collaboration several times, which also needs to be 
considered (Dingyloudi and Strijbos, 2014). Shared or deprivatized 
Practice, through observing each other’s teaching and giving 
feedback was found to be diÿcult for some groups of teachers, 
as this is a PLC practice that is generally the least practiced in 
most countries studied (Lomos, 2017). Nevertheless, learning from 
shared practice is key in a “praxis” PD program. More reflection 
and testing of teachers’ feedback belief patterns in PD designs (Tam, 
2025) is needed to enrich such approaches in the future. This will 
prevent the lack of shared learning does not become a tension 
that teachers sometimes report when participating in PLCs (Schaap 
et al., 2018). 

In addition, the content of the training in terms of Content-
PLC and Content-MathemaTIC (MTIC) (see Figure 3 for our 
coding scheme and the Supplementary Material), revealed us that 
teachers valued the lesson ideas and video demonstrations showing 
how exactly they could use MathemaTIC in their classrooms. In 
addition, teachers also appreciated the newer approaches, such 
as flipped classrooms. In general, as one teacher said, “a bit of 
theory to better understand PLC without having to read a lot of 
literature, but the focus is still on the practice to better understand 
MathemaTIC and to use it more eÿciently in everyday school life,” 
best describes what we would recommend for future design of such 
PD-DT content. 

Finally, the length of this PD-DT throughout the school year, 
facilitated by the five PC characteristics, gave teachers a sense 
of self-eÿcacy in using the program and most likely led to best 
practices and a reported increase in the use of the digital learning 
platform in their classroom practice. Setting a common goal, 
identifying barriers to implementation, reflecting together on some 
eective teaching strategies to overcome the barriers, and testing 
them through embedded practice sessions allowed teachers to see, 
discuss, implement, and reflect in a collaborative context. Some of 
the sessions asked teachers to develop and test out elements in their 
classrooms and report back on their experiences, while discussing 
strategies to get the most out of the program, which generated self-
reported collaborative action and individual learning. Additionally, 
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analyzing how the program met their specific needs at the end of 
each session, along with reviewing the results of the collaborative 
tasks, allowed us to gradually adjust the elements of the program 
with thoughtful consideration of how they fit with their classroom 
practice and self-reported needs and expectations. 

Lessons learned 

Through this study, we have learned to: 

1. Ask and listen to teachers’ expectations — and adapt to their 
needs and expectations. 

2. Ask teachers for feedback — teachers provided detailed 
background information and explanations. 

3. Provide feedback on teachers’ work — teachers appreciated 
the feedback they received after each session. 

4. Team up with teachers — if you are a researcher, design such 
PD-DTs together with teachers, they will know what their 
colleagues expect and benefit from. 

5. Team up with researchers — if you are a teacher, such 
collaboration could bring theoretical insights into practice. 

6. Materials — create videos and demonstrations of “how-to” 
examples, and make these materials available to teachers at 
any time. 

7. PLC — Continue to investigate ways to support the 
development of PLCs in PD, other than explicitly spending 
time during PD on PLC content and tasks. 
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