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Summary



A sequence of learning activities can be modeled as a graph with specific properties. The vertices or nodes of the graph are the learning activities. Learners perform some of these activities individually, some in teams, and others with the whole class. The graph has a geometric nature, time being represented horizontally and social organization (individual, team, class) vertically. These activities can be inspired by heterogeneous learning theories; a graph models the integration of heterogeneous activities into a coherent pedagogical scenario. The edges of the graph connect activities. They represent the two-fold relationship between activities—how they relate to each other from a pedagogical and from an operational viewpoint.


From the operational viewpoint, edges are associated with operators that transform the data structures produced during a learning activity into the data structures needed to run the next activity. In this book I will present 26 operators classified into 5 categories. A sequence of operators constitutes a workflow.


From the pedagogical viewpoint, an edge describes why an activity is necessary for the next activity; it can, for instance, be a cognitive prerequisite, a motivational trick, an advanced organizer, or an organizational constraint. The edges are classified in a library of 28 pedagogical ideas. The extent to which one activity is necessary for the next one is encompassed in the weight of an edge. The transition between two activities is stored as a matrix; the cell (m,n) of a transition matrix stores the probability that a learner in cognitive state m will evolve to state n in the next activity. I propose a list of 28 states that have a specific meaning in education. The transition matrix can be summarized by a parameter that constitutes the edge weight; an edge between two activities has a heavy weight if learner performance in one activity is highly predictive of success in a connected activity. The graph also constitutes a probabilistic network that allows predicting the future state of a learner.


When the pedagogical scenario is running, the actual state of the learner can be inferred not only from his past activities but also from his current behavior and from the activities of others. Learner modeling combines these 3 sources of information and is hence represented as a cube.


This book does not propose a learning theory. It describes how rich learning activities, often designed for small classes, can be scaled up for use with thousands of participants, as in MOOCs. It also describes how a pedagogical scenario can be adapted to the level of participants or repaired on the fly when problems occur. The graph describes how the scenario can be modified, stretched, cut, and extended. Orchestration refers to the real-time management of pedagogical scenarios to ensure the maximum the satisfaction of many constraints, listed in this book.





Introduction



This book proposes a language for modeling the design and the orchestration of sequences of learning activities. In a nutshell, orchestration refers to the real-time management of pedagogical scenarios and their permanent adaptation to the many constraints that have to be satisfied for a lesson to “work well”, as would a teacher say. This modeling language relies on graphs that describe educational scenarios from four different viewpoints. In Chapter 1, the graph describes the structure of activities; who does what and when. It models the visible part of the educational activities. Chapter 2 proposes a library of pedagogical ideas that underlie the graph structure. In Chapter 3, the graph describes the workflow underneath rich scenarios, every edge of the graph being potentially associated with data transformation operators. In Chapter 4 and Chapter 5, the graph describes the learner path as a stochastic process, every edge being associated with a probability matrix. In the last chapter, I explore how analytics contribute to the real-time management of scenarios and the improvement in their effectiveness over time.


A modeling language is not a theory that predicts how people will learn but a tool for designers of pedagogical scenarios, as well as scholars working on learning analytics. A theory can be proven or rejected with empirical data. A modeling language is not true or false but rather may or may not be useful for those who attempt to express themselves with this vocabulary and this syntax. My motivation for proposing a formal language is described in the next paragraphs.


First, modeling lies at the heart of any scientific field. It constitutes a legitimate activity for any scholar and does not require any justification in terms of outcome or application. Throughout the book, I try to find a balance between the lack of formalism in learning sciences and the risk of writing down meaningless formulae; quantifying the rich semantics of educational dialogues, along with the subtle social cues of social situations, could lead to a caricature of science. Of course, education is not about numbers; it is about inspiring humans, about passion, and about creating a warm social atmosphere. Nonetheless, I am utterly convinced that there is something deeply rational, almost algorithmic, in the art of teaching. This rational layer constitutes the slice of the educational realm that defines the perimeter of this book. This modeling ambition is not restricted to online education, but concerns any classroom lesson. I will return to this point several times in the book.


Beyond the intrinsic legitimacy of modeling, a second motivation is to improve the dialogue between learning sciences and computer science. Computer scientists often complain that the learning sciences fail to provide them with formal models of education. This book results from an attempt to make a modest step in that direction. John Self (1992) named this effort “computational mathetics,” which could have been the title of this book. The proposed modeling language translates educational scenarios into computational structures that are familiar to computer scientists, such as graphs or Markov chains. This book does not describe a platform where language, graphs, and operators are implemented. Such a platform does not exist, and this book does not aim to provide the specifications of such a platform. Instead, the proposed modeling language could be used upstream of the implementation process and influence more than one educational platform.


On the more applied side, the proposed modeling language could enhance learning technologies in several ways.




	This work has been inspired by the wish to enrich the pedagogy of Massive Open Online Courses (MOOCs). Many rich learning activities have been empirically validated with small classes, but, at first glance, it seems difficult to scale them up to thousands of learners. Are MOOCs condemned to rely on simple learning activities such as watching videos, answering quizzes, and doing exercises? This book hypothesizes that a formal description of pedagogical scenarios will allow rich activities to be run on a large scale.


	A modeling language could enhance the power of learning analytics; that is, the processing of traces left by learners during their activities. When 500 sensors are distributed over a mountain, the 3D model of this mountain and the precise location of each sensor are necessary to integrate the data collected from the sensors into a consistent dataset. The graphs presented in this book constitute the 3D model of a lesson. The three dimensions are time, social structures, and diagnosis inference levels. I postulate that learning analytics will exploit the traces of learners more accurately once these traces have been mapped onto a model of the learning activities.


	If the modeling language was used by different platforms, data from different MOOCs could be compared, since it would be possible to identify what is comparable or not between two MOOCs. I hope that one day data from MOOCs will be made available to the whole learning community, and not only to the institution that owns the MOOC. Other scientific fields made a quantum leap forward when they succeeded in efficiently sharing their data. This major achievement would, however, remain unproductive unless there was a description of MOOCs precise enough to support comparisons.


	This modeling language could provide the programming abstractions required to make the code of learning environments more explicit and less ad-hoc.





This book was written for researchers in education and learning technologies, as well as for computer scientists developing new educational environments. The proposed language is suited to describing learning technologies, especially online education—namely MOOCs. However, the scope of this book is not limited to MOOCs. I believe that the proposed modeling language is relevant for any formal educational context. At a first glance, a lesson on subtraction for 20 pupils in an elementary school classroom does not have much in common with an academic MOOC on digital signal processing, with 20,000 students. Under the surface though, both can be modeled as learning activity graphs. In other words, this is not a book restricted to MOOCs, but the rise of MOOCs has prompted the need to formalize rich learning activities in order to bring them to scale.


Orchestration graphs describe the space of pedagogical scenarios that can be elaborated. A scenario is a sequence of activities devoted to a set of learning objectives. This book is neither a practical guide for creating a scenario or a MOOC, nor a theory that prescribes how scenarios or MOOCs should be designed. Learning theories have to be “proven” in some way. A modeling language is neither true nor false; it may or may not be useful. Therefore, this model will be validated if future platforms are implemented on the bases presented in this book and if these implementations actually enable rich pedagogical scenarios on a large scale. Another way in which it could be useful is in providing a more specific description of MOOC activities, thereby enhancing learning analytics.


This book contains some mathematical notations. Although they are not necessary for understanding the modeling language, I hope that learning scientists will nonetheless find them useful. These mathematical elements are not intended to be a contribution to either mathematics or machine learning; more modestly, I have used them as anchors for articulating the educational processes to existing computational models.


The presentation of the modeling language is arbitrarily segmented into 42 points. Other than the nod to marathon friends, this didactic decomposition has no deeper meaning than building the model incrementally.


Any modeling activity implies some simplification of the reality being modeled, acting as a lens that reveals some aspects but ignores others. While this book only looks at the social and cognitive dimensions of learning, this is not to deny the importance of other dimensions, such as emotional and cultural ones. I will come back to the limitations at the end of the book. Simplification is the price to pay for elaborating a new modeling language. Later on, this language will have to be enriched in order to cover more dimensions of the education process.


About Scale


MOOCs have attracted millions of students, and yet, their pedagogy is often less sophisticated than state of the art pedagogy in learning sciences. This book explores the possibility of extending rich learning activities to large audiences. The scale is the ratio between the number of teachers and the number of students in the same class. It ranges from 1:1 (e.g., a private ski lesson), to 1:25 in European elementary schools, to 1:80 or 1:400 in lecture theatres, and up to 1:150,000 in MOOCs. Actually, a more realistic ratio would be 5:150,000, as there are probably 4 teaching assistants who would second the teacher in such a MOOC. When I write “the teacher” in this book, I am referring to the whole teaching team.1 For teacher and learners, I use “he” as a gender-neutral pronoun that could be read as “he or she.”


What is the relationship between scale and pedagogy? Scaling up learning activities can be viewed as a loss of pedagogical richness, made acceptable by the benefits of giving broad access to education for a marginal increase in cost. Though for simple learning activities, scaling up actually implies only a negligible loss of quality; for instance, the amount that John learns from watching a video or from answering quizzes will not vary greatly if there are 10,000 other students doing the same activity. However, some learning activities that are manageable with small classes do not scale up; for instance, guided discovery (e.g., learning from a simulation) is only effective with guidance at an appropriate level (De Jong & van Joolingen, 1998), which can partly be automated, but which does not scale as easily, as illustrated by Figure 0.1. Team problem solving is also limited in scale, since the core mechanisms of shared meaning making are limited to small groups. Of course, a class of 5,000 students could be divided into 1,000 teams of 5 students. However, since self-regulation skills are often below what teams require in order to be effective, it cannot be trusted that these teams would in fact self-regulate, and the management of 1,000 teams by a teacher would prove intractable.


Some activities scale well, some don’t. Does it matter? Would 1:10,000 activities be more effective if they reproduced the pedagogical scenarios used in 1:1 situations? The ratio 1:1 is often presented as the optimal condition for learning. The idea behind “individualized instruction” is to keep large class activities as effective as 1:1 activities. A seminal paper from Bloom (1984) showed that a 1:30 lesson can get close to 1:1 efficiency if the learners’ prerequisites are systematically consolidated before the lesson. But is 1:1 really the Holy Grail in education? A Chinese tradition was for a prince not to learn alone with a tutor but for another child to be brought to the palace to learn with him (Chan & Baskin, 1988). The scale 1:2 was considered as better for the prince than the 1:1 scale. In the Swiss vocational education system, an apprentice works 4 days per week in a company, understanding one specific context. On his weekly day at school, he can share the experience of the 19 other apprentices working in other companies. He is able to discover the variety of processes that exist for the same tasks across various workplaces and thereby disentangle what is specific to each context from what is true in any context. In this context, 1:20 is pedagogically richer than 1:1. What if activities could be more effective with 1,000 students than with 20? The philosophy of this book is to view scale as a pedagogical opportunity instead of as a phenomenon that filters out rich learning interactions.
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Figure 0.1 The relationship between the interaction richness of a pedagogical scenario and its scale. This graph is not built from empirical data but is based on common sense or experience in educational practices. The red line corresponds to the aims of orchestration graphs—to be able to scale up rich learning activities without sacrificing their interaction richness. On the red line, we have to invent activities that take advantage of scale. Peer grading constitutes a first example on this path.


In learning technologies, the balance between individual adaptation and social interaction has evolved over decades. Since the 1960s, individual adaptation has been the leitmotiv of computer-based education. If the key is to adapt instruction to individual needs, learners should work individually on computers. However, since in the past there were more students than computers, two or more learners were often assigned to one machine. Surprisingly, this situation turned out to be more effective than individual work (Dickson & Vereen, 1983); the “loss” due to a lower accuracy in individualization seemed to be somehow overcompensated for by the gains generated from verbal interactions in front of or through a computer. This gave birth to the field of computer-supported collaborative learning (CSCL). This evolution in learning technologies is represented in Figure 0.2 as a left movement of the pendulum. The evolution from individualized instruction to CSCL is depicted by the red arrow in the in the 1990 pendulum.


In early years of 2000, researchers in CSCL understood that collaborative activities had to be more structured in order to be effective. The mere fact that teams work together on a task does not guarantee that they engage in rich interactions such as explanation, argumentation, or mutual regulation. Along with some colleagues, my team therefore developed so-called collaboration scripts (Dillenbourg, 2002; Weinberger & Fischer, 2006), where a script is a pedagogical scenario that structures team interactions by defining roles, phases, differences in viewpoints, and so on. For instance, a well-known script, called “Jigsaw” (Aronson et al., 1978), provides each team member with a subset of the information required to carry out the task. To achieve its goal, the team therefore needs to integrate the contribution of each individual member. Another example of script is ArgueGraph (Dillenbourg & Jermann, 1999; Dillenbourg & Hong, 2008); this scenario fosters argumentation by forming pairs of individuals with contrasting opinions. In the 2000 pendulum in Figure 0.2, the development of script is depicted as a pendulum movement to the right, back to the center of the social-individual continuum, because scripts prescribe individual processes within team processes. Team cognition is not viewed as an emergent property but is “engineered” by fine-tuning individual processes within teamwork. These scripts can be viewed as the ancestors of the graphs presented in this book, the latter being a generalization of the former. The ArgueGraph script will namely be used in this book to explain the functional role of a workflow in a pedagogical scenario.
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Figure 0.2 The individual-social pendulum in learning technologies—the individual force pulls the ball to the right; the social force pushes it to the left.


The 2010 pendulum in Figure 0.2 depicts recent movements of the pendulum in two opposite ways—to the left side of the continuum, which corresponds to cMOOCs, based on connectivism (Siemens, 2005), and to the right side, the academic teaching style reflected in xMOOCs. The large scale MOOCs distributed by actors such as Coursera or EdX have been xMOOCs. This distinction has somehow become obsolete, but, in a nutshell, cMOOCs build upon the social nature of learning, while xMOOCs focus on individual learning. Actually, this x/c dichotomy is more conceptual or ideological than a real conflict in practice. In a pedagogical scenario, educational practices are not exclusive; some activities can be close to x and others closer to c. For instance, we asked students to watch xMOOCs in teams of 4, and they reported this as being a very positive experience (Li et al., 2014). The complementarity of learning activities inspired by divergent learning theories is central to this book. The need to integrate activities into a consistent learning scenario, despite the heterogeneity of these activities, is very much reflected in the modeling language.


Personal note


The style of this book is sometimes schizophrenic. I propose a formal language that emphasizes the rational side of education, but, from time to time, I add comments based on personal values. This dualism is intrinsic to education—even when scientists argue rationally and rigorously about data, methods, or theories, their reasoning is shaped by their values and ideas of what education should be. Any educational debate mixes rigor and emotion. A scientist should never “believe” in his theory, despite the evidence, and an educationalist should always “believe” in the learner’s success, despite the obstacles. This is why an educational scientist is schizophrenic. For me, an effective lesson (when all the students are “with” the teacher) is as admirable as a snake-like ski trace in powder snow. Effectiveness is beauty. This will appear in the text as I make occasional digressions from the modeling language.






1 A new phenomenon has emerged with MOOCs—in some cases, so many people volunteered to be teaching assistants that the scale became 25:10,000. We can’t simplify it to 1:400, since 25:10,000 requires a much more complex organization than 1:400.





Chapter 1
Orchestration Graphs



The modeling language proposed in this book aims to describe every kind of pedagogical scenario. By “pedagogical scenario,” I mean any sequence of learning activities, also referred to as a lesson plan, a didactic sequence, or a script. A pedagogical scenario will be modeled as a graph, with specific properties that I will present throughout the 42 points of this book. Describing a lesson plan as a graph may seem pointlessly complex as most lessons, as well as most existing MOOCs, are built as a linear sequence of activities. However, pedagogical scenarios based on a richer structure also exist, and, with orchestration graphs, I aim to capture these richer scenarios. Therefore, I will extract the workflow that underlies these scenarios; that is, the (often invisible) sequence of data transformations between activities. I hypothesize that formalizing the workflow of a pedagogical scenario will enable our community to scale up learning activities that may initially appear as non-scalable.


A model is like a lens; it constitutes a specific way of looking at reality, emphasizing some elements, variables, or phenomena. The proposed modeling language pays particular attention to the way educational scenarios concretely unfold with time, what happens practically during the course, and what needs to be repaired. The term “orchestration graph” embeds this pragmatic viewpoint: “orchestration” refers to the real-time management of learning activities (Dillenbourg, 2013) such as launching activities, managing time, circulating data, and adapting the scenario on the fly. The term “orchestration” is not the optimal metaphor, because orchestration differs from conducting an orchestra. I will come back to this controversy in Point 41. But, intuitively, it is true that there is a touch of the maestro in the performance of a talented teacher enthusiastically conducting rich class activities, running across multiple planes (individual, team, and class activities—see Point 2), with or without computers. How does an elementary school teacher adapt the current activity if two students missed the previous activity or if a crane comes into view in front of the classroom window and starts to operate? How does a university lecturer react when he notices that he is losing the attention of his audience? How does a MOOC teacher cope with thousands of complaints that the last video was incomprehensible? Of course, the adaptation of instruction is not a new topic, but this term usually refers to the process of adapting instruction to individual learner needs. The notion of orchestration is broader. It includes the selection of the most appropriate activities for the learners, but it also extends to very practical aspects of classroom management such as managing time (“I have 5 minutes left—it’s too late to start a new chapter”), managing space (“My classroom is too small to move chairs while forming teams”), assessment constraints (“I have to issue individual grades because the school does not accept team grades”), energy constraints (“I will use peer grading because the number of assignments to grade is too high”), and safety constraints (“The students cannot explore the city on their own, so each team will investigate architectural aspects of the same street”). Managing a lesson or a MOOC requires continual regulation—monitoring the learners’ activity, adapting some activities, or even modifying the scenario. For this reason, this book follows a kind of systemic viewpoint on the educational ecosystem, in which the scenario is a species that constantly needs to adapt to the constraints of its environment in order to “work well.” As a consequence, the proposed modeling language has to capture the flexibility of a pedagogical scenario, that is, the features that make the orchestration process easy or difficult.


There is a contradiction between these two first paragraphs: the first one claims that scale requires automated workflows, while the second explains that orchestration requires flexibility. This tension will be present throughout this book—a “flexible workflow” is an oxymoron, like a deafening silence. This tension constitutes an interesting challenge for computer science: how to modify, skip, and reorder the various steps of data processing without breaking data consistency?


A distinctive feature of orchestration graphs is the integration of heterogeneous activities; individual learning activities, teamwork, and lectures are integrated into a single pedagogical scenario—hopefully one that is consistent. The proposed language breaks down the walls of didactic churches by articulating activities inspired by different learning theories (e.g., behaviorism, mastery learning, constructivism, and socio-cultural theories) within the same scenario. Of course, orchestration graphs can also be used to model homogeneous pedagogical scenarios, that is, scenarios in which all activities are inspired by the same learning theory. The point is that the design of heterogeneous scenarios requires paying special attention to how diverse learning activities are integrated into a consistent whole—both pedagogically consistent and operationally consistent. Orchestration graphs have been designed to express this consistency.


In summary, the language I propose in this book describes pedagogical scenarios that (1) integrate heterogeneous activities (2) into a workflow that (3) remains flexible. The language will therefore provide several viewpoints on a pedagogical scenario.




	In Chapter 1, a graph describes the structure of activities: who does what and when. It models the visible part of the educational activities. The eight points of this chapter describe each constituent of an orchestration graph.


	
In Chapter 2, a set of graph edges is described: edges embed the pedagogical ideas or the rationale underlying the scenario.


	In Chapter 3, a graph describes the workflow underneath rich scenarios, with some edges of the graph being associated with a data transformation operator. This chapter describes several categories of operators and proposes design patterns that can be built with these operators.


	In Chapter 4, a graph describes the learner path as a probabilistic network: every edge is associated with a transition matrix. The eight points of this chapter articulate stochastic models with graph components and lay the groundwork for the development of learning analytics in Chapter 5.


	Finally, Chapter 6 analyses the concept of orchestration with the concepts and the modeling language developed along the previous chapters.






Point 1 Horizontal axis


Orchestration graphs are based on sequences1 of activities placed in a two-dimensional space. I will start with the horizontal dimension, which determines the position of an activity in time. This first point begins with the basics; more substance will come in the next points. To illustrate this axis, let’s consider a scenario for a geometry course in an elementary school. The classroom holds 25 children who are about 9 years old.




10:00 a.m. Activity 1: The teacher summarizes the lesson from the previous week where pupils learned to calculate the surface of a rectangle, first by counting square units, and then by measuring its dimensions. He then informs the students that the goal of the current lesson is to use similar methods to measure the surface of a triangle.


10:10 a.m. Activity 2: The teacher forms pairs, giving 2 paper rectangles of the same size, but of different shapes to each pair. He asks the students to measure the surface of these rectangles, with each member of the pair using one of the two methods from the previous week, and then to compare the results.


10:15 a.m. Activity 3: The teacher asks the pairs to cut the rectangles in such a way that one rectangle becomes 2 triangles, to calculate the surface of these triangles, and to compare it to the surface of the rectangle.


10:30 a.m. Morning break


10:45 a.m. Activity 4: The teacher distributes non-rectangular triangles and asks teams to search for a method for measuring surfaces. After a while, he invites the teams to use scissors to find a solution.


11:00 a.m. Activity 5: The teacher asks the pupils to show their solutions to the class. Then, the teacher summarizes the solution to the class and demonstrates how to find the height of any triangle.


11:10 a.m. Activity 6: Each student receives a sheet with 5 triangles and is asked to draw the altitude of the triangles and calculate their surface.


11:25 a.m. Activity 7: The pupils have to copy to their notebook the summary written on the blackboard by the teacher.





This scenario can be modeled as a simple sequence of activities: doing an exercise, writing a summary, listening to the teacher, and copying the blackboard contents. Some of them (e.g., activity 7) are not “learning” activities as such, but are activities performed by the learners (see Point 4). These activities actually populate a significant part of classroom life, but have rarely been taken into account by educational theories. In Figure 1.1, each activity is modeled as a rectangle whose length is proportional to the activity duration and that is placed from left to right in chronological order. The 10:30 a.m. pause appears as a gap on this timeline.
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Figure 1.1 A simple sequence of learning activities.


An activity will be defined by several more parameters that will be incrementally introduced in this chapter. Let’s start with a simple definition:




A pedagogical scenario is a sequence (a1, a2, … , ai, … , an) where ai is the ith learning activity.





Let’s now examine what can be considered as a radically different context—an online course at university level. This is a fictitious example.




Week 1: In a MOOC on urbanism, online students follow video lectures 1, 2, and 3.


Weeks 2–3: Students have to write a case study about a city, selected from a list of 10 cities proposed by the teacher. They upload their report as a PDF file.


Week 3: The system creates a forum for each of the 10 cities. In the forums, students are asked to discuss the main urbanism challenges in the city they have selected. They draw up a list of challenges and vote for the 3 main ones.


Week 4: Each student has to analyse 2 case studies from another city, with respect to the 3 challenges selected on Week 3.


Week 5: Students follow video lectures 4 to 6.


Week 6: Students have to annotate a map of the city they selected and point out 3 places that illustrate the concepts taught in lecture 6.


Week 7: The system automatically forms groups of students who annotated the same map area for the same city. It creates an online conferencing space for them and asks them to produce a common map.


Week 8: The teacher presents a real-time video lecture where he discusses the most interesting and least interesting maps produced by students.





This scenario can be represented by the same kind of timeline as the geometry lesson:
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Figure 1.2 A simple sequence of activities in a MOOC.


As emphasized in the introduction to this chapter, a distinctive feature of these two examples is that they are composed of heterogeneous activities. Some activities are performed individually, others are done in teams, and some are conducted with the whole class. Some activities are computer-based and others don’t rely on digital technology.2 For too long, pedagogical practices were clustered together by unnecessary orthodoxies such as behaviorism, constructivism, project-based learning, and problem-based learning. However, in daily practice, teachers tend to integrate various models. For instance, elementary school teachers blend global and analytic methods for learning to read. At university level, lecturing is combined with guided-discovery lab sessions. At the other end of the scale, researchers tend to identify themselves with a theoretical perspective, probably because excellence in research requires a clear theoretical framework. I am convinced that the transfer from research to practice would be enhanced if researchers would integrate multiple perspectives into consistent pedagogical scenarios. I refer to these scenarios as integrated learning scenarios, since they integrate activities borrowed from multiple theories. These activities are not merely juxtaposed; instructional design is not about assembling a bit of everything. They are expected to form a consistent whole. The need for integration comes from the heterogeneity of activities. There would be no need for integrating activities if they were similar or grounded in the same learning theory. The proposed modeling language describes how heterogeneous activities form a coherent structure.




Orchestration graphs describe pedagogical scenarios that can integrate heterogeneous activities. They specify the pedagogical and functional relationships between activities.





The integration of activities will be modeled by making the relationship between activities explicit. This relationship is two-fold. First, it is a pedagogical relationship—one activity activates cognitive and/or motivational processes that can be exploited by the next activity. Second, it is also an operational relationship—it describes how the data required to run the current activity are generated from the data that produced in the previous activity.


Orchestration graphs model the structure of the activity sequence, not the details of each activity. The reason for this structural focus is that the language is intended to model the orchestration process, not the learning mechanisms; this book does not propose a learning theory.


Let me now formalize the horizontal dimension of orchestration graphs, that is, the time dimension.




An activity ai runs from starting time tsi to the ending time tei. The duration of ai is di = tei – tsi


Time is counted as the number of time units (e.g., seconds, weeks) from the start of the scenario and is denoted by t0, t0 =0


The time lag between the end of activity ai and the beginning of aj is denoted by lij = tsj – tei





The scale of the horizontal axis is left to the designer: in the first example the scale unit is minutes, while in the second example the scale unit is weeks.


It may sound like overkill to formalize simple things such as duration or lag. The role of these parameters will become clearer later on, but time is clearly not a simple implementation issue—it’s the main constraint in any educational or training institution, and maybe the most coercive constraint. Any formal educational system relies on an implicit or explicit contract that some skills will be acquired within a time budget. In the European Credit Transfer System (ECTS), the time budget is counted in credits (28–30 hours of work for one student). Efficient teachers permanently monitor time and balance what should be done with how much time is left. Underestimating the time budget (we rarely overestimate it), can lead to stress, dropping out, and to incomplete skills. We will also see that the lag between two activities has an influence on the effectiveness of the scenario: what a learner learned today might still be available on the same day, but 6 months later, it will need to be refreshed.



Point 2 Vertical axis


In the geometry example presented in Point 1, the activities are based on 3 different organizations of work. In a1 and a5, the teacher is speaking to the whole class and collecting feedback. In a2, a3, and a4, learners work in groups, namely pairs. Finally, activities a6 and a7 are carried out individually. These changes in the social organization of activities constitute another salient aspect of pedagogical practices. Therefore, the social structure of the pedagogical scenario will be represented on the vertical axis of the model.


This dimension is treated as discrete; it is an ordered set of levels. Actually, since the word “level” is used for describing many things, I prefer the word “plane.” This term comes from Vygostky (1994), who differentiated between the intra-individual plane (the space of cognitive processes), the inter-individual plane (where intersubjectivity occurs), and the social plane (shaped by its culture). The two examples presented in Point 1 stretch over three social planes.




	On the individual plane, students work on a task by themselves (e.g., read a text, write a summary, do an exercise).


	On the team plane, students work in small groups, typically made up of 2 or 3 students for problem solving, 4 to 6 students for projects, and 8 or more students for brainstorming or “problem-based learning” (PBL).3 They are assigned a joint task to achieve; for example, to build a piece of software, to create a document, to invent an advertisement slogan, or to conduct an experiment. Within the team, individuals may be assigned different roles (see Point 8), but, at the end, they need to converge on a joint product.


	On the class plane, the activity involves all the students4 in the class: they do activities such as listening to lectures, participating in discussions, presenting posters, or visiting a museum together. Class activities do not exclude individual interactions among learners (e.g., asking questions to the neighboring student or whispering), but the intended interactions are those that occur between the class and the teacher. The concept of class is used in a broad sense: it refers to the set of participants to a session where the scenario is run, independently from the physical location of participants.
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Figure 1.3 Adding the vertical structure to the model presented in Figure 1.2.








This second dimension is independent from the time dimension (horizontal axis) and hence placed vertically on orchestration graphs, as illustrated in Figure 1.3.


In diverse educational practices, pedagogical scenarios may involve broader circles; namely actors who are not in the classroom or who are not MOOC participants. Therefore, orchestration graphs are extended with three more planes. To illustrate them, let’s consider the scenario modeled by Figure 1.4. A biology teacher presents a lesson (a1) and then sets up a session of individual exercises (a2). After the second lecture (a3), students go to the science lab where they run experiments in teams (a4). With the data they collected, they write a report individually (a5). On the following week, the class goes out to study the same phenomenon on a field trip (a6). By using the pictures taken in the field and the data collected in the lab, students create a poster to be presented during open days (a7), when parents visit the school. This poster will also be published on the school web site (a8).


This example illustrates three higher social planes.




	On the periphery of the class, activities involve actors who do not “belong” to the class (e.g., students, teachers, assistants), but who nonetheless have a stable and explicit educational relationship with the class, such as school actors (the director, other teachers, other classes from the same school or classes in another school who have a partnership with that class), parents, and workplace supervisors. If the scenario is based on a computational environment, these people typically have a log-in to the online platform used by the class.

[image: Images]


Figure 1.4 The biology scenario that expands to 6 planes.





	
On the community plane, activities engage temporary actors from the local community, such as a museum guide or a butcher invited to explain his profession, or from the broader community, such as an expert in astronomy who agrees to answer participants’ questions. The “community” around a class is the set of people who have occasional interactions with the class, as they would have with any other class in the community, but do not have specific ties with that class.


	On the world plane, activities include disseminating information via the Internet, radio, publications, exhibitions, and forums. On this plane, interactions include feedback on online objects (e.g., “likes” or forum postings), but there is no intention to build a personal relationship between the class members and online anonymous actors.





Activities beyond the class circle did not wait for the invention of the Web, however. They existed many years before; for instance, in the pedagogical approach of Célestin Freinet, (1966) which included gardening activities (periphery plane), inter-school correspondence (community plane), and printing a school journal (world plane).




The vertical dimension of the model is a set of 6 social planes: {π1, π2, π3, π4, π5, π6}


A class is a set of students engaged in the same session of a pedagogical scenario.


The class of students is denoted by S. It corresponds to π3. A student is denoted by s.





By integrating different social organizations into a common structure, orchestration graphs instantiate the didactic ecumenism I preached in the introduction. I explained that the individual-social dialectic has been central to educational debate and has led to practices perceived as mutually exclusive. This war is over: the brain is both a social machine from the software viewpoint and an individual device from the hardware viewpoint. Educational scenarios should therefore not hesitate to cross the boundaries between planes on a regular basis.


It is important to emphasize that a plane does not describe the individual cognitive processes, but the social structure of activities—which tasks are assigned to whom and who is supposed to interact with whom. During a lecture (π3), students process the teacher’s discourse on their own, which is an individual cognitive activity, but the main space of interaction is the class. Conversely, when a learner solves a problem alone, his cognition is shaped by language, therefore the cognition is partly social, but the plane of this activity is π1 and not π3. So, the social plane is an orchestration concept; it describes the organization of learning, not the cognitive processes.


Another important clarification is that a plane does not correspond to a physical space or to a virtual space. It is true that some spaces are more appropriate for some activities—a classroom is appropriate for π3 and a library for π1, a forum for π3 versus a shared online document for π2 or an email for π1. In on-campus courses, the spatial constraints influence the vertical axis of the graph, that is, the social structure of the scenario. Educational practices have indeed been fossilized in formats such as a “2-hour lecture + 1-hour exercise,” in which the former occurs in a lecture theatre (π3) and the latter in the student’s dorm room (π2). As these room constraints are often associated with scheduling constraints, they may actually shape the scenario more than pedagogical considerations. To summarize, in daily practice, social planes are often associated with physical spaces. But orchestration graphs do not encapsulate this constraint. If activities from various planes could be conducted in the same space, the scenario would be more flexible (e.g., inserting a 15-minute exercise between two short lectures of 15 minutes).


Finally, I have to acknowledge that the proposed segmentation into 6 planes is a simplification and is arbitrary. First, graphs may adopt a more intricate social organization, for instance merging groups from two different classes for special interclass activities. The proposed modeling language simplifies this by associating a learning activity with a single plane. An activity that stretches over more planes, for instance, a team project in which each individual has specific subactivities, can be modeled (Point 7), but it has to be broken down into multiple activities for the sake of consistency with the rest of the model. The second simplification is that educational practices vary within a plane; for instance, although classes of 300 students have to be handled differently from classes of 30 students, orchestration graphs do not differentiate between them. The notion of plane does not correspond to the notion of scale: 1,000 students may do exercises individually (π1), while 10 students may listen a lecture (π3).
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