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Conceptualizing a local instruction 
theory in design research: report from  

a symposium

Yvonne LiLjekvist, eLisabet MeLLroth,  
jan oLsson and jesper boesen

This is a report on the discussions (and post-reflections) of the MADIF10 symposium 
”Conceptualizing a local instructional theory in design research”. Linking the discus-
sion to Koeno Gravemeijer’s keynote at MADIF9 and drawing on different ongoing 
research projects, the aim of the symposium was to discuss [examples of] the opera-
tionalization of design principles in order to deepen the understanding of some theo-
retical concepts in design research. The contribution of the symposium is the inter-
pretation of how local instruction theory interrelates with other concepts in design 
research, for instance, the hypothetical learning trajectory. The role of the concepts 
as both design tools and as outcomes was presented and discussed.

Nowadays, Educational design research (i.e. ”design research”) is fairly often 
used as a methodological stance in doctoral and licentiate projects conducted in 
mathematics education research in Sweden. The reason for this may, on the one 
hand, depend on the typical professional background of the doctoral students, 
that is, in-service teaching. Hence, the research questions draw on a practice-
driven realisation of the need to conduct studies aiming at improving teach-
ing and learning in mathematics. On the other hand, research in mathematics 
education has also been criticized in the field for not producing useful instruc-
tion for teachers on how to design their teaching to improve learning (van den 
Akker, Keursten & Plomp, 1992; Reeves, 2006; Plomp, 2013), and educational 
design research is suggested as one way to develop such instruction. To this 
end, several research groups in Sweden apply design research methodology. 

Reform mathematical pedagogy stresses inquiry and problematizing. This 
implies a change of perspective: from ready-made expert knowledge as a start-
ing point for design to imagining students’ elaborating and refining their current 
way of knowing (e.g. describing the hypothetical learning trajectory?). What 
is needed is an instructional design that supports students in developing their 
reasoning towards more sophisticated mathematical reasoning (Gravemeijer, 
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2004). Design research can be described as the development of a teaching inter-
vention to solve a complex educational problem while generating advanced 
theoretical knowledge about these interventions and processes (Plomp, 2013). 
This is in contrast to comparing studies in certain contexts and coming to the  
conclusion that method A is better than method B (Reeves, 2006). Design 
research instead allows researchers to generate and test theories in classroom 
contexts. 

There are two strands of studies in design research: validation studies and 
development studies (Plomp, 2013). Plomp describes development studies as 
studies with the purpose to develop research-based solutions to an educational 
problem, and, hence advancing the scholarly knowledge about the characte-
ristics of the designed and evaluated interventions. Validation studies, on the 
other hand, aim to develop or validate theories on educational interventions. 
The studies presented at the symposium contain both these strands in their 
problem formulation. The features put forward in defining design research is the 
way it addresses practice-driven problems, and, moreover, the development of 
instructions based on local theories (Cobb, Confrey, Lehrer & Schauble, 2003). 

The idea of the symposium developed through discussions among young 
researchers who plan to apply, or have applied, design research methodology 
in their studies. The discussion in the symposium drew on different projects 
in order to deepen the understanding of the concept local instruction theory 
(Gravemeijer & Cobb, 2013; Gravemeijer, 2015). We will therefore briefly 
describe the content of the presentations in the symposium in the next section.

The presentations
At the symposium, Mellroth presented her on-going doctoral project to develop 
and evaluate a professional development program for in-service teachers on 
how to teach and challenge mathematically highly able students in the ordinary 
classroom. Inclusive education and equity in student learning are important 
aspects to consider in the professional development program. To develop and 
evaluate the program design, research methodology is used and the expected 
results are two-folded, that is: the formulation of a research based local instruc-
tion theory for teacher learning in a professional development program, as well 
as a framework on which to base teachers’ hypothetical learning trajectory 
when teaching mathematically highly able students in inclusive settings.

In planning a possible extension of a study within his doctoral project, Olsson 
has considered to use design research and he presented his plans in the sympo-
sium. The starting-point of his project is earlier studies (e.g. Granberg & Olsson, 
2015) in which he has investigated task design aiming at engaging students 
in productive problem-solving and reasoning. The tasks were solved with the 
support of the dynamic software-program GeoGebra. Implementing the results 
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in regular teaching would require further knowledge concerning, for instance, 
curricula, social norms, mathematical norms, and teaching preferences. At 
the symposium, Olsson explored if a possible way to implement the results in 
regular teaching could be through a design research project, that is, discuss-
ing possible endpoints, starting points, and an initial local instruction theory.

Liljekvist used design research methodology in her doctoral project where 
she and her colleagues developed and evaluated mathematical tasks (see 
Liljekvist, 2014). In the symposium, she problematized the process of trans-
forming research results into classroom settings. The results of earlier studies 
on a micro level in a design cycle cannot be used without careful considerations. 
The need for an ecologically valid local instruction theory becomes evident, 
as we know, for instance, that teacher agency is an important aspect of suc-
cessful interventions, and the importance to move beyond inefficient linear 
teaching instruction. She hence raised the issue of how to engage teachers in 
design research. 

The report now continues with the theoretical concepts presented and dis-
cussed at the symposium. Then we describe how the developmental and vali-
dation aspects of design research is negotiated and established in the studies 
presented, that is, the different approaches to establishing a local instruction 
theory, including the theoretical grounds. 

Developing a local instructional theory
Design research aims at understanding more of the interrelatedness between 
teaching and learning in order to improve teaching. Let us therefore link the 
symposium at MADIF10 to the constructivist stance explained by Koeno 
Gravemeijer in his keynote at MADIF9 in Umeå, 2014 (Gravemeijer, 2015). 
He raised the important questions (for researchers as well as for teachers) of 
what mathematics we want the students to construct, and, consequently, how 
we may design teaching that promotes students’ construction of such mathe-
matical knowledge, which is a main issue in both theory-building and practice 
development (see e.g. Cobb et al., 2003; Gravemeijer, 2004; Liljekvist, 2014; 
Ruthven & Goodchild, 2008). 

[...] if we want students to reinvent mathematics by doing mathematics, 
teachers have to adapt to how their students reason and help them build on 
their own thinking. To do so they need a framework of reference to base 
their HLTs on. We may offer them such frameworks in the form of ”local 
instruction theories” – and corresponding resources. A local instruction 
theory consists of theories about both the process of learning a specific 
topic and the means to support that learning.  (Gravemeijer, 2015, p. 1)
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In his keynote Gravemeijer pinpointed the specific kind of design research 
discussed here, that is, research for development of local instruction theo-
ries (Gravemeiljer, 2015). Such design research projects have three phases;  
1) preparing for the experiment, 2) experimenting in the classroom, and  
3) conducting retrospective analyses. 

Preparing for the experiment means to formulate a local instruction theory 
that can be elaborated while conducting the design experiment (Gravemeijer 
& Cobb, 2014). The first step is to clarify endpoints formulated as mathemati-
cal learning goals, and thereafter consider a starting point. In this step, the 
researchers need to take into consideration the results of earlier instructions 
and problematize them beyond the purely mathematical goal. For instance, what 
is the need for changing classrooms norms and expectations of mathematical 
teaching? The local instruction theory hence includes conjectures of possible 
learning processes and possible means of supporting these learning processes. 

In Olsson’s study, this preparation phase is based on earlier research investi-
gating mathematical reasoning and reasoning supported by dynamic software 
(see e.g. Granberg & Olsson, 2015, Lithner, 2008). For Mellroth, however, the 
preparation is slightly different as she needs to consider two-folded endpoints, 
that is, both on the teacher professional development level and the student level 
in classrooms. Gravemeijer & Cobb (2013) points out that theories emerging 
from design research are developed at various levels. At the level of the instruc-
tional activities micro theories are developed, local instruction theories are 
developed at the level of the teaching sequence (in the professional develop-
ment course or in the classroom), and domain specific theory is developed as 
the umbrella of the two others. In Mellroth’s study a micro theory can describe 
a specific activity, for example, teachers’ role-play when solving a task, and in 
Olsson’s study it may be a specific task aiming to be solved with the support of 
a dynamic software.

When endpoints, starting points, and the preliminary local instruction theory 
are formulated, the experimenting in the classroom or in the professional deve-
lopment course can start. One characteristic of a design experiment is the cyclic 
process of designing, testing and re-designing instructions. The researcher(s) 
conduct a thought experiment by envisioning how the proposed instructional 
activities might be realized, then analyse the actual process, and, finally con-
sider refining specific aspects of the design before the next thought experiment, 
and so on. The retrospective analysis aims at contributing to the development 
of local instructions and more encompassing theories (Cobb, 2003).

Drawing on Simon (1995), Gravemeijer shows the need for researchers, as 
well as teachers, to have an idea of a possible path through instruction activi-
ties, that is, a hypothetical learning trajectory that supports the envisioning 
of students’ thinking and learning (see e.g. Gravemeijer, 2015; Simon & Tzur, 
2004). Based on to what extent the actual learning trajectory corresponds to 
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the hypothetical one, new instructions and revised learning trajectories can be 
designed. Gravemeijer (2004) points out that neither teachers, nor researchers 
can rely on fixed teaching sequences, since a teacher continuously has to adapt 
to the actual thinking and learning of her students. 

Instead, a teacher can be offered a framework with exemplary instructional 
activities as a source of inspiration, which was the aim of all the studies pre-
sented at the symposium. Creating hypothetical learning trajectories should be 
supported by local instruction theories as rationale for the description of envi-
sioned learning. Local instruction theories will bridge between more general 
theories and the practice of how to create hypothetical learning trajectories. 
This is evident in Mellroth’s study as she makes conjectures from hypothetical 
learning trajectories in the professional development course, as well as develop 
hypothetical learning trajectories with the teachers on their teaching in their 
classrooms. 

Even if the design of local instructions is emphasized, there is a need to 
understand and conceptualize local preferences. Focus on local theories often 
means that design researchers develop frameworks that explain local cir-
cumstances where grand theories, such as Piaget ś development theories or  
Vygotskian theories of learning, are too general for clarifying local phenomena  
(Cobb et al., 2003; Liljekvist, 2014). The development of such intermediate 
frameworks may lead to proposals of alternative conceptions of the existing 
understanding of a domain, and this must be specified in terms of endpoints 
and possible trajectories for learning (Ruthven, Laborde, Leach & Tiberghien, 
2009). Ruthven et al. suggest that focus on design tools provides an effective 
mechanism for developing teaching activities. In the next section we will hence 
give an overview of the operationalization of design principles presented at the 
symposium.

Operationalization of design principles
To develop instructions and design principles, there is a need of insights into 
how and what the students learn during a teaching sequence, that is, their learn-
ing trajectories. The local instruction theory constitutes a framework for devel-
oping hypothetical learning trajectories describing possible learning through 
activities. 

Even if there is a lack of useful instructions on how to design teaching, there 
are at least some design principles that could be used as a basis for further 
research. Gravemeijer described in his Keynote at MADIF9 how he and his 
colleagues used Freudenthal’s Theory on realistic mathematics education 
(RME) as a base for design (Gravemeijer, 2015). Ruthven et al. (2009) suggest 
that Brousseau ś Theory of didactical situations (TDS) will provide a tool for 
designing teaching sequences. TDS has been used by Liljekvist (2014) as a  
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starting-point for task design principles, and Olsson is also planning his design 
research based on this theory. TDS refers to problem-solving tasks and teach-
ing environment designed to put students in learning situations where they 
will construct new knowledge through adapting existing knowledge. This 
includes a process of devolution, that is, it is the student’s responsibility to solve 
the problem although supported by relevant feedback on her actions (see e.g.  
Brousseau, 1997).

In Mellroth’s study, the interventions are based on developed and researched 
practical examples from Australia (UNSW, 2014), for example, and Germany 
(Benölken, 2015). The design principles are hence based on knowledge from 
literature and practice where the components are linked to each other in a 
consistent way, which ensures validity regarding how to teach and challenges 
mathematically highly able students in the ordinary classroom. Inclusive edu-
cation and equity in student learning are important principles for designing the 
teachers’ hypothetical learning trajectories. In this study, the practicability was 
ensured because the participating teachers choose themselves to join the profes-
sional development program and were supported by their principals. Another 
way to ensure the feasibility connection is its connection to research-based 
practice used in other countries aiming to support mathematically highly able 
students (Fuchs & Käpnick, 2009; Nolte, 2012; UCONN, 2015).

[C]oupling the creation of scholarly knowledge within the practice of 
researching with the creation of craft knowledge within the practice of 
teaching makes possible approaches to collaboration between researchers 
and teachers which can contribute to building a more systematic knowledge- 
base for teaching.  (Ruthven & Goodchild, 2008, p. 584)

In design research, one can choose to involve teachers’ craft knowledge more or 
less in a study. However, the design research methodology invites researchers  
to engage in how to link the practice of research with teachers’ practice of 
teaching, thus contributing to a teaching knowledge-base with resulting local 
instruction theories. In the operationalization of the design principles in the 
studies discussed in the symposium, teachers’ craft knowledge is considered in 
different ways. In Mellroth’s study the teacher is both a ”student” and a partner 
in constructing the local instruction theory. In Olsson’s and Liljekvist’s forth-
coming studies, the teacher is the carrier of craft knowledge within the practice 
of teaching to calibrate the hypothetical learning trajectories.

Summary
The discussion in the symposium was drawn on different design research projects  
in order to deepen our understanding of the concept of local instructional theory, 
and, consequently, its interrelatedness to a hypothetical learning trajectory.
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The idea of this symposium was developed through discussions among young 
researchers who plan to apply, or have applied, design research methodology 
in their studies. One argument for using design research as methodology in  
mathematics education research is to increase the relevance of research for 
practice and for educational policy (van den Akker, Gravemeijer, McKenney & 
Nieveen, 2006). In design research, there is scholarly knowledge in both theory 
and practice, because theoretical insights and practical solutions in real world 
context are developed simultaneously (McKenney & Reeves, 2013).

The symposium focused on one key concept connected to design research 
in mathematics education: the local instruction theory (Gravemeijer & Cobb, 
2013, Gravemeijer, 2015). The aim of the symposium was to share our under-
standing of the concept, discuss our arguments for the conceptualization, and 
how to operationalize it in each study. 

The research studies that formed the basis of this symposium are in different 
work-in-progress stages: from being in the planning stage to already completed 
design cycles. The symposium was hence an opportunity to look in-depth into 
parts of the design research methodology through the different studies. 

The contribution of the symposium is the interpretation of how local instruc-
tion theory interrelates with other concepts in design research, for instance, the 
hypothetical learning trajectory. The role of the concepts as both design tools 
and as outcomes was presented and discussed.

In light of the discussion on the MADIF9 keynote by Koeno Gravemeier 
(2015), it was a suitable topic for a MADIF10 symposium. We hope that the 
fruitful and critical discussions in the symposium will continue in the MADIF 
community in order to deepen our understanding of design research methodo-
logy, and to further the discussion of design research studies to develop local 
instruction theories in the Swedish mathematics education context.

Acknowledgement
Thanks to all the participants in the MADIF10 symposium who contributed 
to the discussion.

References
Akker, J. van den, Gravemeijer, K., McKenney, S. & Nieveen, N. (2006). Educational 

design research. New York: Routledge.
Akker, J. van den, Keursten, P. & Plomp, T. (1992). The integration of computer use 

in education. International Journal of Educational Research, 17 (1), 65–76. doi: 
10.1016/0883-0355(92)90042-5 

Benölken, R. (2015). ”Mathe für kleine asse” – an enrichment project at the 
University of Münster. In F. M. Singer, F. Toader & C. Voica (Eds.), The 9th  
International MCG conference proceedings (pp. 140–145). Sinaia: The 
International Group for Mathematical Creativity and Giftedness.



Conceptualizing a local instruction theory

126 Proceedings of Madif 10

Brousseau, G. (1997). Theory of didactical situations in mathematics: didactique des 
mathématiques, 1970–1990. Dordrecht: Kluwer Academic Publishers.

Cobb, P., Confrey, J., Lehrer, R. & Schauble, L. (2003). Design experiments 
in educational research. Educational Researcher, 32 (1), 9–13. doi: 
10.3102/0013189x032001009

Fuchs, M. & Käpnick, F. (2009). Mathe für kleine Asse. Empfehlungen zur Förderung 
mathematisch interessierter und begabter Kinder im 3. und 4. Schuljahr. Berlin: 
Cornelsen.

Granberg, C. & Olsson, J. (2015). ICT-supported problem solving and collaborative 
creative reasoning: exploring linear functions using dynamic mathematics 
software. The Journal of Mathematical Behavior, 37, 48–62. doi: 10.1016/j.
jmathb.2014.11.001

Gravemeijer, K. (2004). Local instruction theories as means of support for teachers in 
reform mathematics education. Mathematical Thinking and Learning, 6 (2), 105–
128. doi: 10.1207/s15327833mtl0602_3

Gravemeijer, K. (2015). Design research on local instruction theories in mathematics 
education. In O. Helenius, A. Engström, T. Meaney, P. Nilsson, E. Norén, et al. 
(Eds.), Development of mathematics teaching: design, scale, effects. Proceedings 
of MADIF9 (pp. 1–3). Linköping: SMDF.

Gravemeijer, K. & Cobb, P. (2013). Design research from the learning design 
perspective. In T. Plomp & N. Nieveen (Eds.), Educational design research part A: 
an introduction (pp. 72–113). Enschede: SLO.

Liljekvist, Y. (2014). Lärande i matematik: om resonemang och matematikuppgifters 
egenskaper (Doctoral thesis). Karlstad University.

Lithner, J. (2008). A research framework for creative and imitative reasoning. 
Educational Studies in Mathematics, 67 (3), 255–276. doi: 10.1007/s10649-007-
9104-2

Nieveen, N. & Folmer, E. (2013). Formative evaluation in educational design 
research. In T. Plomp & N. Nieveen (Eds.), Educational design research part A: an 
introduction (pp. 153–169). Enschede: SLO.

Nolte, M. (2012). Fostering mathematically talented children (PriMa). Retrieved 
from http://blogs.epb.uni-hamburg.de/nolte/?page_id=671

Plomp, T. (2013). Educational design research: an introduction. In T. Plomp & N. 
Nieveen (Eds.), Educational design research part A: an introduction (pp. 10–51). 
Enschede: SLO.

Reeves, T. C. (2006). How do you know they are learning? The importance of 
alignment in higher education. International Journal of Learning Technology, 
2 (4), 294–309. doi: 10.1504/ijlt.2006.011336

Ruthven, K. & Goodchild, S. (2008). Linking researching with teaching: towards 
synergy of scholarly and craft knowledge. In L. D. English (Ed.), Handbook 
of international research in mathematics education (2nd. ed.) (pp. 561–588). 
Mahwah: Erlbaum.



Proceedings of Madif 10

Liljekvist, Mellroth, Olsson and Boesen

127

Ruthven, K., Laborde, C., Leach, J. & Tiberghien, A. (2009). Design tools in 
didactical research: instrumenting the epistemological and cognitive aspects of 
the design of teaching sequences. Educational Researcher, 38 (5), 329–342. doi: 
10.3102/0013189x09338513

Simon, M.A. (1995). Reconstructing mathematics pedagogy from a constructivist 
perspektive. Journal for Research in Mathematics Education, 26 (2), 114–145. doi: 
10.2307/749205

Simon, M. A. & Tzur, R. (2004). Explicating the role of mathematical 
tasks in conceptual learning: an elaboration of the hypothetical learning 
trajectory. Mathematical Thinking and Learning, 6 (2), 91–104. doi: 10.1207/
s15327833mtl0602_2

UCONN (2015). Project M2. Retrieved from http://projectm2.uconn.edu/team.html
UNSW (2014). Professional development package for teachers. Retrieved from 

https://education.arts.unsw.edu.au/about-us/gerric/resources/pd-package/



128 Proceedings of Madif 10


