Implementing content-based
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Ola Helenius 1

Introduction

As researchers, we hope that findings from our field will influence
pedagogical practice. One way this can happen is through structured
implementation programs. When something is described as an
implementation program, it usually implies that a particular innovation is
being introduced, and that there is a reasonably well-developed plan for
how this innovation is to be enacted within the organization it is intended
to affect.

In a review of 104 articles in mathematics education research that self-
identified as addressing implementation, we found that only 27 studies
focused primarily on specific mathematical content. Other categories
instead concerned innovations related to general reform-oriented teaching,
particular mathematical competencies or proficiencies, or specific teaching
models (Ahl et al., 2023). This tendency toward the general rather than the
subject-specific is perhaps unsurprising, given decades of focus on what is
often called reform mathematics teaching, alongside a broader shift toward
social and sociocultural perspectives on teaching and learning (Inglis &
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In this chapter, I use two implementation projects, both involving rather
radical changes in how quite basic and specific mathematics is taught, as
cases for discussing implementation design. Both projects are relatively
large-scale: not national in scope, but large enough that the possibility of
direct contact between developers and teachers becomes a central issue in
the design of the implementation process.

Since I was invited to write this contribution in a somewhat open
format rather than as a conventional research report, I take the opportunity
to describe aspects of our design work and experiences that we have not
necessarily formalized as research. Indeed, both programs that I will use as
cases emerged as research-based development initiatives rather than as
research projects in the strict sense. Although they were developed
interactively together with practitioners, they are not best characterized as
design research projects, as we prioritized relatively rapid development over
systematic documentation and analysis of each iteration.

What has been, and is currently being, researched in relation to these
projects will be presented as the discussion unfolds. At the same time, I find
it necessary to articulate some of the lessons we have learned so far, even
when fully formalized studies do not yet support these insights. For this
reason, the chapter will not include a separate methods section. Instead, I
take a more framework-oriented approach to the discussion, which is
introduced in the next section.

In this respect, my approach is in the tradition of Cobb and Jackson
(2021) in their discussion of the MIST project, where they describe
elements of a coherent instructional system built around shared goals and
visions for mathematics teaching and learning within a school system.
However, my intention is to keep the implementation aspects discussed
here applicable not only to broad and overarching instructional ideas, but
also to more minor, content-specific changes in everyday teaching.

Theoretical perspectives

To establish a framework for discussing implementation more structurally, I
will first examine implementation ‘from above’ by identifying the
components of an implementation effort that can be deliberately planned. I
will then complement this perspective with a look ‘from within’, focusing
on factors that may influence the success of implementation in practice.

Implementation components

To begin discussing implementation components, it is helpful to start with
the issue of scale. Aguilar and colleagues examine scale and scaling through
a Delphi-style review and conclude that there is little agreement on what
“large-scale” should mean in terms of a specific level of spread. When
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distinguishing between small-scale and medium-scale implementation, they
identify three characteristic forms of medium-scale scaling, loosely tied to
different motives. Scaling may occur in an organic manner within an
existing system; it may involve a deliberate effort, for instance, through a
multiplier structure; or researchers may seek to scale up in order to examine
whether results that hold at a smaller scale remain valid in more diverse
contexts (Aguilar et al., 2023).

In a manner similar to Roesken-Winter et al. (2021), Aguilar et al.
(2023) characterize differences among scaling variants by highlighting
three key aspects: a contact factor, a material factor, and an organizational
factor. To avoid confusion with the factors of influence discussed later, 1
refer to the three factors introduced above as components rather than factors.
The term “component” is deliberately chosen to suggest a constructionist
perspective rather than an analytic one. When you build something, you
can think of the process as selecting components and assembling them.
What is being metaphorically built here is an implementation program.
While discussing the three components already introduced, I will also
introduce two closely related ones.

The contact component concerns the degree and form of interaction
between researchers or developers and innovation users. Many aspects of
teaching are notoriously difficult to communicate at a distance. As Clarke
and Hollingsworth (2002) argue in their well-known model of teacher
change, complex instructional change requires feedback loops between
professional development and classroom enactment. It is therefore much
easier to support implementation when there is substantial direct contact
between developers, who understand the innovation, and teachers, who are
expected to enact it. Such collaboration also allows the innovation itself to
be adapted to better fit local contexts, as emphasized in the design research
paradigm. If developers and teachers are involved in an adaptation process
together, it is more likely that core components or determinants of the
innovation (Chen, 2012) are preserved. Conversely, when direct contact is
limited, the innovation must be communicated through other means, which
brings us to the next component.

The material component concerns texts, videos, curricular resources, and
other artifacts intended to support teachers in understanding and enacting
the innovation. Such materials may include complete curricular programs
like student textbooks, teacher guides, lesson resources, slide presentations,
but may also consist of more theoretical or explanatory texts. Following
Kennedy’s (2016) characterization of professional development, it may be
helpful to think of the material component as supporting enactment
through differing combinations of prescription, strategy, insight, and body
of knowledge. Most implementation materials contain elements of all four,
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but in different proportions. Materials that attempt to provide a great deal
of all four simultaneously may become difficult both to produce and to use.

Before turning to the organizational component, two additional
bridging components link developer contact and material support and also
function as substructures of the organizational dimension.

The facilitator component corresponds to what is sometimes described as
a personnel strategy (Roesken-Winter et al., 2021). The facilitator role can
vary across several dimensions: facilitators may be more or less expert in the
innovation itself, and more or less positioned as organizational leaders.
When facilitators act as a bridge between developers and teachers, they are
sometimes called multipliers. A facilitator may be a teacher colleague but
may also be someone serving in another professional capacity, such as a
teacher educator. In some cases, facilitators may already occupy formal roles
within the system, similar to what Cobb, Jackson, and colleagues describe as
mathematics leaders or district leaders (Jackson et al., 2015). If facilitators
take on an expert role, they may develop this expertise through close
collaboration with developers or through preparation using implementation
materials. In Timperley and colleagues’ (2007) review of teacher
professional learning, the strategy with the strongest empirical support
involved collegial teacher groups working with expert guidance, leading
naturally to the next component.

The collegial group component concerns teachers working together to
interpret, prepare, enact, and evaluate the innovation. Such collaboration
can occur with varying frequency and intensity and may take place mainly
as preparation before enactment or as recurring meetings closely tied to
ongoing enactment. Collegial work may focus on overarching principles,
shared goals, and instructional vision, or it may be oriented toward specific
lessons or instructional sequences. In some cases, collegial meetings are
supported by structured materials that guide discussion toward particular
questions or practices.

The organizational component is the final component, and it naturally
connects the others. While pedagogical leadership may play an important
role, implementation design often hinges even more on organizational
decisions about time, personnel allocation, and coordination. The
organization must support the contact, facilitator, and collegial components,
all of which require resources and sustained commitment. Moreover,
willingness and capacity to allocate time and personnel may fluctuate. Key
individuals may change priorities or be replaced, unless there are more
stable systemic structures that support continuity. As demands increase, in
terms of personnel, time investment, and coordination across units, the
organizational component becomes increasingly critical and more
challenging to design.
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We began this section with the contact component, referring to direct
interaction between teachers and developers. However, as will become
important in the next section, there is also a second contact dimension:
interaction between developers and organizational leadership at appropriate
levels. Designing this interaction is itself a key element of implementation
design. I have previously described the setup of local organizational
structures as a form of stakeholder scaffolding, and I consider the deliberate
establishment of such scaffolding to be part of implementation design

(Helenius, 2022).

Factors of influence

In a spin-off from the review mentioned in the introduction (Ahl et al,,
2023), Ahl, I, and our colleagues discuss classical categories of
implementation, such as those summarized by Century and Cassata (2016):
the innovation, the user (in this case, the teacher), the organization, and the
external environment. These broad categories alone do not sufficiently
capture the factors that shape implementation success. Instead, we propose
focusing on the interplay between them (Ahl et al., in press).

First, we identify several influential factors arising at the intersection
between teachers and innovation. To what extent do teachers perceive a need
for the innovation, and do they have the knowledge and confidence
required to enact it? To what extent does the innovation interact negatively
with existing routines, with parental expectations, or with other established
practices? The more demanding the innovation is in relation to these
conditions, the more implementation support will be required to manage
the teacher-innovation boundary.

Second, we consider factors emerging at the boundary between the
implementation project and the school organization. As implementations
extend over longer periods, involve multiple schools, include collegial
collaboration, require teacher—developer contact, and perhaps incorporate
multiplier structures, the organizational strain increases. Greater
implementation complexity increases the number of potential failure points,
thereby generating more influential factors that must be addressed at this
intersection. From a design standpoint, added implementation complexity
typically implies a stronger need for developers to remain involved in, or at
least maintain some form of oversight of, larger parts of the school
organization.

A third set of factors can be traced to the intersection between the
innovation and the wider educational environment. Such factors include
external testing regimes, accountability systems, broader pedagogical trends,
or externally imposed curricula, all of which may align more or less well
with the innovation. There may be good reasons to design innovations that
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do not align neatly with testing regimes, national curricula, or similar
external factors. However, as with innovations that conflict with teacher
routines, such misalignment increases the need for deliberate implemen-
tation structures capable of supporting enactment despite external pressures
not aligned with program intentions.

Two implementation projects: TRR and Algebra Monday
I will now describe the origins of the two implementation programs, TRR!
and Algebra Monday, and how the five components from the theory
section are embedded in the two programs. In a separate section, I will then
compare the programs through a factors-of-influence perspective.

TRR

TRR was initially established as a development program focused on
arithmetic for six-year-olds (grade 0) at the Swedish National Center for
Mathematics Education (NCM) around 2011, financed by a national
school authority. In this form, it was conducted as a design research project
(Sterner & Helenius, 2015) and evaluated in a randomized controlled trial
(Sterner et al., 2020). TRR has also been further evaluated (Sterner et al.,
2023; Vennberg & Norqvist, 2018). TRR was made into a publicly available
teacher guide (Sterner et al., 2014), sold in book form by NCM. In addition
to the physical teacher guide, a main product of this TRR-0 incarnation
was a Vygotskian-inspired six-phase teaching cycle, typically covering
approximately three lessons (Koljonen et al., 2022; Sterner & Helenius,
2015).

At a later stage, the Swedish Association of Local Authorities and
Regions (SALAR, but we will use the Swedish acronym SKR), which is an
umbrella organization for municipalities, contacted NCM around a
professional development program for grade 1-3 teachers. At this point,
Sweden was just finishing a national-scale teacher professional
development program, the Boost for mathematics, which is now well
researched (see Helenius, 2021 for an overview). Preliminary results, later
published by Lindvall and colleagues (Lindvall et al., 2018, 2022), were
already known and indicated that the Boost for mathematics did not have
significant effects on students’ learning. Referring to the distinction coined
by Grossman and McDonald (2008), instead of aiming for further
professional development in the pedagogies of the investigation paradigm,
it was decided to explore the pedagogies of the enactment route. We
decided to accelerate the already initiated development of TRR-0 towards

1 TRR is an acronym for the Swedish name Tinka resonera och rikna, in English: Thinking

reasoning and counting.
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grades 1-3 and base the collaboration between NCM and SKR on enacting
the TRR 1-3 teaching design. The design of the content was based along
the lines of Vergnaud’s conceptual field theories (Helenius & Ahl, 2025a,
2025b; Sifstrom et al., 2019; Vergnaud, 1998, 2009) and inspired by work
by the likes of Thompson and Saldanha (2003), Mulligan and Mitchelmore
(2009), Lamon (1994, 2007), and others (Beckmann & Izsik, 2015; Izsdk
& Beckmann, 2019; Sowder et al., 1998).

When developing TRR 1-3, we decided to group the six-phase teaching
cycles, typically covering three lessons each, into themes with five cycles in
each. For every school year, there are four TRR themes. Teachers
participating in TRR conduct TRR-based teaching for approximately half
of the total teaching time, with two themes in the fall and two in the spring
each year.

I will now describe the TRR 1-3 implementation in terms of the
implementation components. In this description, I will stick to the first 14
municipalities that implemented TRR 1-3, under the leadership of SKR
and NCM. I don't know how many teachers are currently working with
TRR, but based on the 14 original municipalities, we once estimated it to
around 1000 teachers.

TRR had a pretty weak contact component with only occasional
presentations to all teachers who were attending a particular municipality.
These presentations were also primarily focused on the intentions and
principles underlying TRR rather than on the detailed content. On the
other hand, the material component was powerful, with detailed booklets
describing every teaching cycle. The booklets also described preferred
vocabulary, representations, and artefacts to use and how to use them; exact
tasks for each phase of each cycle; how to use students’ productions, and so
on.

The collegial group component of TRR was arranged by grouping
teachers teaching the same grade together, often across schools since many
schools only had one or two teachers per grade. Teachers in one group were
supposed to teach the same cycle the same week. Before and after every
TRR week, these groups met to discuss the TRR cycle for the upcoming
week and follow up on the teaching from the previous week. Each theme
included a special material component, a small booklet, to guide these
meetings. In this sense, the collegial group component was tightly tied to
actual teaching practice and to the content of each teaching cycle. The
facilitator component of TRR was structured such that each collegial group
had a designated leader. The facilitators received a brief introduction from
NCM the term before their colleagues began TRR, which also included
testing some TRR cycles in their own class. That said, the developer-
facilitator contact was still relatively weak, except for a few select so-called
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design teachers who tested TRR cycles as they were developed during the
years when the TRR implementation was planned.

The organizational component of TRR was powerful. Using expertise
and experience from SKR, we designed a specific stakeholder scaffolding,
which I have described in detail elsewhere (Helenius, 2022). Each
municipality had to assign a process leader and a network group comprising
teachers, principals, and administrative and political leadership. In each
round of implementation, 4-5 municipalities collaborated with the network
groups, which met at biannual network conferences to discuss
implementation. Locally, municipalities could decide the scaling, but had to
dimension the choice of facilitators beforehand, so that these could be
educated by NCM. There also had to be a mandatory local process leader.
While contact between NCM (as developer) and the process leaders was
relatively frequent, we, as developers, still had limited control over the local
implementation.

Algebra Monday

Algebra Monday, unlike TRR, has no organizational backing and comprises
only two researchers as developers: me and Linda Marie Ahl (from now on,
the AM-developers). Algebra Monday as an implementation project started
with the AM-developers getting contacted by two upper secondary
teachers who, over many years, have seen declining results and felt an
urgent need for some change. As these two teachers were so vital in the
early development phase, I will call them AM co-developers. When
designing Algebra Monday, my guiding principle was: what would you do if
you had to bet $10,000 of your own money on it actually working, in terms
of generating a long-term, broad improvement in student outcomes? At
this point, we, as developers, had worked with implementation research for
many years and had extensive experience in municipal collaboration. After
discussions with municipal leadership, we developed the basic tenets of a
comprehensive grade 0 (six-year-olds) to upper secondary (sixteen-year-
olds) strategy for algebra and structural arithmetic. A decision based on our
implementation research was to have all participating teachers work only
once a week on algebra and structured arithmetic, using specific lesson
designs with prescribed content developed by us. As we wanted all teachers
across all grades to do this consistently, not limited to a certain number of
weeks, months, or even years, our aim was extensive from a systems
perspective. On the other hand, we did not intend to change any other
aspects of the teacher’s teaching (except through implicit influence). So
even if teachers had to devote one day a week to Algebra Monday, we
considered this a much less intrusive design than TRR. We also knew from
other design and implementation projects (Teledahl et al., 2023) that a



OLA HELENIUS 37

project with a specific name that was only supposed to take place
occasionally, though perhaps rather frequently, was comparatively easy to
get acceptance for by both teachers and students.

As it happened, after approximately one year of preparation, the original
municipality decided not to proceed with the project. Instead, it was taken
up by a neighboring municipality to which the AM co-developers moved
and were granted favorable conditions for leading the project locally. I will
come back to the details of the organization. During the development
phase of Algebra Monday, four other municipalities contacted us and
expressed interest in joining, so, in the end, four municipalities started
Algebra Monday at the beginning of 2025, with another following in the
fall.

Algebra Monday is also entirely focused on the mathematical content.
In practice, it also involves a specific lesson design, but this is not
foregrounded nearly as much as in TRR. For grades 4 and up, the Algebra
Monday design follows a design developed over many years by Ahl, who
also coined the name (Ahl & Helenius, 2026). To allow easier comparison
with TRR, we will here only discuss the grades 0-3 design, which almost
exactly shares the mathematical content with TRR, albeit in a re-worked
form with a differently organized progression. Most importantly, though,
the Algebra Monday version is designed to fit into single lessons and offer
more teacher flexibility than the TRR teaching model.

I will now discuss Algebra Monday from the perspective of the five
implementation components from the theory section.

The contact component for Algebra Monday is exceptionally high,
particularly for the facilitators/multipliers whom we call pilot teachers, as
discussed further below. The typical design is that the developers and pilot
teachers meet digitally 1.5-2 hours every week or sometimes every other
week, following a specific and very efficient meeting design. At these
meetings, the pilot teachers provide feedback to the developers and to one
another to gradually improve their enactment of the Algebra Monday
lessons. Before the meeting, a PowerPoint presentation specific to each
lesson and week is created, and the teacher uploads pictures of
students™work, photos of the whiteboard, and perhaps of students in action,
sometimes also videos to this common presentation. This arrangement
makes it quick and easy to share thoughts from the previous lessons. The
content for the next week (or two weeks) is presented, normally by an AM-
developer, and thoroughly discussed with the pilot teachers. This is done
over 20 effective weeks, that is, until the pilot teachers have delivered 20
Algebra Monday lessons (each with a specific content plan, developed by
the AM-developers). We can run such collegial groups with up to 20 pilot
teachers in each meeting. The high level of developer-pilot teacher contact
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in practice limits Algebra Monday to five municipalities in the current
design. The material component for Algebra Monday is relatively modest.
Each lesson is presented digitally, and teachers receive a PDF copy of the
presentation as a material component. At least initially, it would be
impossible to conduct the lesson in any meaningful way using this material
without a verbal presentation. The contact component hence powerfully
dominates the material component.

The facilitator component has been addressed briefly above. Together
with the municipality, we recruit the pilot teachers among the best teachers
in the municipality. They should therefore be both self-selected and
identified as particularly competent by others. After 20 weeks of Algebra
Monday work, the pilot teachers assume the role of facilitators, typically
working in pairs to reduce sensitivity. Facilitators then lead collegial groups
of new teachers, with one facilitator pair leading perhaps 7-10 other
teachers. Typically, the AM-developers assist with collegial work for
approximately 10 additional weeks. One type of arrangement is that
collegial groups first work for one hour in individual digital rooms with
discussions on the previous lesson. Then all groups meet for a presentation
of the lesson for the next week, which they then might discuss in separate
groups again. Eventually, the facilitators also take responsibility for the
presentation of new material. But they will then always present material
they themselves used in their own classes before.

The organizational component of Algebra Monday is looser and more
diverse than it was for TRR. We will not describe this diversity but rather
aim to provide a description that captures the core of the Algebra Monday
organization. As it was with the municipality of the AM co-developers, it is
always the municipality that contacts us AM-developers and asks if they
can join. We AM-developers then make sure that the administrative
leadership in the municipality stands behind this decision. We require
leadership in the form of process leaders who are themselves teachers and
can carry out the Algebra Monday teaching in their classes, but also have
some connection to, or authority from, the municipality’s administrative
leadership. The process leaders get responsibility for all the local
organization, including setting up digital meeting rooms, creating
appropriate groups, setting up the administration of places to upload
documentation to, and so on. What is also required for this setup to work is
one single 1.5-2 hour timeslot common to the whole municipality or at
least to all participating schools. This is certainly not a standard practice in
Sweden, as principals typically organize professional development from a
school-based perspective. I will return to the implementation difficulties
associated with practical autonomy and the role of principals in the
Swedish school system.
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A comparison of factors of influence between TRR and Algebra Monday
Let us now discuss TRR and Algebra Monday in terms of the three classes
of factors of influence presented in the theory section. I will not try to
compare outcomes but rather look at the two implementation programs
from a design point of view. When the TRR implementation was designed,
we did not have the conceptual understanding of implementation we have
today. Yet, I will in a retrospective fashion formulate the design through this
theoretical framing. While one of the strengths of Algebra Monday is its
grade 0-9 integration, to enable an easier comparison I will as mentioned
earlier only discuss the grades 0-3 component.

Regarding the intersection berween teachers and the innovation, both
TRR and Algebra Monday portray the curricular content in a very non-
standard manner related to how it is typically done in Sweden (Ahl &
Helenius, 2021, 2024; Helenius & Ahl, 2024a, 2024b). This means that the
teacher will have to teach number and additive and multiplicative structures
in ways that they might never have seen before. The relation between the
innovation and teachers’ knowledge will hence be a critical factor of
influence for both programs. Both programs also build on a teaching design
that is non-standard compared to typical Swedish teaching (Boesen et al,,
2014). The teaching design is however much more foregrounded in TRR
and TRR also covers more time. For Algebra Monday we deliberately
limited the time to once a week to make it less intrusive. The lesson design
for Algebra Monday is also more flexible.

Regarding the boundary between the implementation project and the school
organization, the TRR design has a mandatory involvement of principals
when municipalities follow the designed stakeholder scaffolding (Helenius,
2022). Principals are obliged to set up times for collegial meetings every
week TRR runs. Principals in this sense have a rather important role in
TRR. In Algebra Monday, we have deliberately tried to avoid making the
program school based. For example, we prefer collegial groups formed
across schools and the digital setup makes this possible. There is however a
very important demand on principals. All attending teachers, which in
some primary schools may be almost all teachers, must be available at the
particular time slot decided for this municipality. This might mean some
schools have to change a weekly schedule that they have had for years. Even
though the municipality administrative leadership technically can force
principals to do this, in the Swedish tradition principals have a very high
level of autonomy. In this sense Algebra Monday is more intrusive in the
school organization than TRR. On the other hand, once the time slot is
arranged, Algebra Monday relies less on organizational school issues than
TRR. Algebra Monday has a higher demand on the process leaders than
TRR though, since the process leaders are in charge of arranging the
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meeting structure. The last category of factors of influence concerns the
intersection between the innovation and the wider educational environment.
During the years when both TRR and Algebra Monday were started, the
Swedish national curriculum had a very low level of specification related to
the content treated by TRR and Algebra Monday (Helenius & Ahl, 2024b;
Prytz, 2023a, 2023b). There seems to be a trend towards a more algebraic
and structural way of treating arithmetic for mathematics textbooks for the
primary grades though. There is also ongoing work in Sweden towards a
new national curriculum where the early algebra and structural arithmetic
approach advocated in both TRR and Algebra Monday is strengthened
(Helenius, 2025) which will mean that both Algebra Monday and TRR

become better aligned with the wider educational environment.

Discussion
By mapping TRR 1-3 and the grades 0-3 part of Algebra Monday in
terms of the implementation components introduced in the theory section,
I have shown how the two programs come out as very different from an
implementation perspective, despite building on almost identical content,
underlying theory, and ideas around the design of teaching. The two
programs also share the same focus on the actual teaching practice, making
them both fit squarely in the pedagogies of enactment paradigm
(Grossman & McDonald, 2008), which puts them in the prescription-
strategy end of the PD-spectrum rather than in the insight-body of
knowledge end of Kennedy’s spectrum (Kennedy, 2016). I propose that
mapping the five implementation components of an implementation
program can be useful when comparing different implementation efforts.
While the five implementation components do not offer the same level of
detail as for example the structured reporting guidelines for interventions
suggested by Hill and colleagues (Hill et al., 2024), the five components I
have suggested might be more useful from a design point of view. As a
designer of an implementation, your options for configuring the different
components are often constrained by surrounding factors or early choices.
For example, if aiming for scaling in terms of a large spread (Coburn,
2003), a strong contact component is typically impossible, so you are left to
choose between a strong material component like in TRR, or a complex
multiplier structure, perhaps arranged in several layers with level-1
multipliers being educated by the developers and level-2 multipliers being
educated by level-1 multipliers.

Making such a complex design work will however need a very strong
connection with the school organization and the system it sits in, which
Prediger and Selter have discussed in terms of a shared vision on all levels

(Prediger & Selter, 2024).
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Moving on to the factors of influence analysis I also carried out with
TRR and Algebra Monday as cases, such an analysis should in my opinion,
be carried out as a part of the design process, not only be something that
guides evaluation. In particular, the intersection between teachers and the
innovation should be carefully analyzed before designing the rest of the
implementation. The bigger the discrepancy between the requirements of
the innovation and teacher knowledge and existing routines, the stronger
the support structure built into the implementation needs to be. A strong
support factor in terms of time, collegial arrangements, material support
and developer contact will in turn make the organization more complex
which in itself introduces more possible failure points.
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