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Abstract. This paper introduces key characteristics of the situated learning ap-
proach and discusses from that perspective questions of pedagogy and educa-
tional research in Theory of Computation. This discussion exemplifies how a 
change in learning theories alters the unit of analysis, thus reframing research 
questions and potential answers. In its conclusion, this paper provides an out-
look on potential research questions in secondary Computer Science Education. 

1 Introduction 

In the research community of Computer Science Education (CS Ed), the awareness 
for discussing and explicitly incorporating theoretical frameworks into research is 
constantly rising [17], [6]. Theories and concepts of how individuals learn play an 
important role in educational research because they not only affect which research 
questions are posed and what kind of data collection and analysis methods are chosen, 
but more importantly influence the development of pedagogical concepts and inter-
ventions. While cognitivist and constructivist concepts of learning are established 
frameworks in CS Ed, recent theories and related discourses from educational psycho-
logical research are still being introduced and discussed. Theories that go under the 
names situated learning [17], sociocultural learning [23], situated cognition theory 
[3], distributed intelligence [21], or activity theory [11] have been developed over the 
last three decades and started to become more important in field of CS Ed research, 
see for example [2], [10], [14], [16], [22], [26]. Likewise, in other educational disci-
plines the situated cognition theory became influential [19], which also inspired the 
development of comparable approaches for secondary CS Ed [7], [13]. These new 
approaches extend and challenge established beliefs and understanding of learning 
and therefore the corresponding research programs and their achievements in related 
pedagogies and didactics. 

In this paper, I summarize key characteristics of the situated learning approach and 
discuss from that perspective questions of pedagogy and educational research in CS 
Ed. For this matter, I rely on previous work, i.e., especially [26], a review of  
sociocultural cognition theory, as well as [15], [13], [14], where parts of concepts and 
arguments presented in this paper have been already introduced and discussed.  
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In particular, I summarize modifications to the pedagogy of an undergraduate Theory 
course held at the University of Potsdam, Germany. Here, I contributed to by taking 
into account the pedagogical approach of cognitive apprenticeship which led to a 
significant reduction of the course’s failure rates in the final exam [15]. I will reflect 
these changes from the perspective of situated learning and draw conclusions for fur-
ther research investigations in the educational scope of Theory of Computation. 

The situated learning perspective represents a paradigm change from many other 
kinds of psychological frameworks [25]. Some of the concepts do not have straight-
forward mappings to established psychological theories, and must be understood as 
part of a larger, but different, theoretical whole. Such a paradigm shift in psychologi-
cal theory may engender the kinds of cognitive dissonance for the readers that are also 
felt by an experienced imperative programmer on first encountering an object-
oriented language. Therefore, readers with a strong background in CS and cognitive 
theories may find it challenging to adopt and appreciate this way of thinking. Howev-
er, the useful new lenses that the approach offers is worth the endeavor because it 
significantly broadens our understanding of learning on which sustained innovation 
research for CS Ed can unfold. 

2 Theoretical Framework 

2.1 The Situated Learning Perspective 

The cognitive view on learning has its roots in cognitive psychology and artificial 
intelligence research. Learning is conceptualized as a process in which individuals 
create a mental representation of a specific knowledge entity in their minds. A per-
son’s cognitive processes operate on such mental models, are based on logic-like rules 
of inference, and are understood to happen solely in the person’s mind. Hence, the 
approach focuses on the question how specific knowledge is acquired and represented 
in the mind of an individual ([26], p. 5-6). The cognitive approach was criticized for 
being too much focused only on the single student and solely on his or her cognitive 
process while neglecting the social and cultural environment in which students’ learn-
ing takes place [1], [3], [7].  

The situated learning approach has its roots in Russian cultural-historical psychol-
ogy developed by Vygotsky [27] and was strongly influenced by insights from artifi-
cial intelligence, as well as developmental psychological research ([26], p. 5-6). From 
a situated perspective, learning is conceptualized as a process of enculturation into a 
domain-specific community. The latter is often called “Community of Practice” 
(CoP), a term coined by Lave and Wenger [17], in order to emphasize “practices in 
which individuals have learned to participate, rather than on knowledge that they have 
acquired” ([7], p. 8). From this perspective, the goal of learning is to become a full 
member of a CoP. 

In the trajectory of participation, individuals of a CoP learn to interact with each 
other mediated by material and representational systems, which are often metaphori-
cally referred to as tools. In this context, the term “tool” denotes material objects such 
as pencils, hammers, automobiles, or coffee machines as well as representational 
systems such as “language; various systems for counting; mnemonic techniques;  



14 M. Knobelsdorf 

algebraic symbol systems; works of art; writing; schemes, diagrams, maps, and me-
chanical drawings” and similar ([28], p. 137). Both aspects of a tool affect the materi-
al and mental activity of an individual in a CoP. 

Tools do not simply arise de novo in the hands and minds of individual actors. Ra-
ther, they are provided to individuals by the surrounding culture of a CoP, accreting 
over time and, passed from one generation to the next. As Pea points out, tools “rep-
resent some individual’s or some community’s decision that the means thus offered 
should be reified, made stable, as a quasi-experiment form, for use by others. In terms 
of cultural history, these tools and the practices of the user community that accompa-
ny them are major carriers of patterns of previous reasoning” ([21], p. 53). Cultural 
practices of tool use evolve in tandem with the evolution of the tool. Therefore, tools 
represent socially distributed cultural entities that implicitly embed collective 
knowledge of their use ([26], p. 8-10). 

2.2 Implications for Research and Formal Education 

One of the most important implications for educational research is that the under-
standing and specific skills that students develop during an activity depend strongly 
on the tools used to carry out the activity. In consequence, mental processes, tool use, 
and interaction with the world are regarded to be tightly bound together: “This has the 
important implication that when understanding learning, we have to consider that the 
unit that we are studying is people in action using tools of some kind (see Wertsch, 
1991, 1998; Säljö 1996). The learning is not only inside the person, but in his or her 
ability to use a particular set of tools in productive ways and for particular purposes.” 
([24], p. 147). In addition, Greeno points out that “[w]hen an analysis of an individu-
al's knowing is proposed, the analysis should be an account of the ways that the per-
son interacts with other systems in the situation. Just presenting hypotheses about the 
knowledge someone has acquired, considered as structures in the person’s mind, is 
unacceptably incomplete, because it does not specify how the other systems in the 
environment (including other people) contribute to the interaction.” ([7], p. 8). 

Regarding formal education, a major critique is that parts of practices and tool use 
of a CoP are singled out, formalized, and organized around a curriculum with courses, 
assignments, and tests. This is depriving a community’s practice of the coherent 
whole it represents within the community making it difficult for students to adopt the 
practice and become engaged. Lave and Wenger argue that learning in conventional 
schools “is predicated on claims that knowledge can be decontextualized” (p. 40) and 
“suggest that learning occurs through centripetal participation in the learning curricu-
lum of the ambient community. Because the place of knowledge is within a communi-
ty of practice, questions of learning must be addressed within the development cycles 
of that community” ([17], p. 100). Therefore, educational settings in school need to 
embed curriculum topics in authentic contexts in which students can better recognize 
the full meaning and reasons of specific practices and tools of a CoP.  

Ben-Ari among others has pointed out that formal education of a specific domain 
has slightly different goals as well as constraints than traditional apprenticeship-like 
settings of education. Besides economical reasons, secondary but also tertiary  
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education is designed to enable students broad participation in different domains or 
subfields of a domain and preclude a premature determination of future occupation 
([2], p. 88). Students are supposed to enculturate into different domains enough to get 
acquainted with a broad range of practices from different disciplines or subfields and 
later on choose a specialization in order to fully grow into the CoP of their choice.  

On the other hand, a school also represents a CoP with a specific culture, practices, 
tools, members, etc. and Greeno points out that “[m]ethods of instruction are not only 
instruments for acquiring skills; they also are practices in which students learn to 
participate. In these practices, students develop patterns of participation that contrib-
ute to their identities as learners, which include the ways in which they take initiative 
and responsibility for their learning and function actively in the formulation of goals 
and criteria for their success.” ([7], p. 9). In consequence, when discussing education-
al settings and related research more attention needs to be paid how student encultura-
tion takes place and how the curriculum, pedagogical approaches, teacher education, 
etc. are supporting students in this process.  

Collins et al. argue that in traditional apprenticeship tasks or activities required to 
be accomplished by the students make sense for them because it is part of a coherent 
whole and arises from the demands of a specific workplace [5]. For this matter, edu-
cational settings need to put forward all aspects of practices and tools of a community 
and teach them with regard to students’ enculturation process. Especially in higher 
education, where students are supposed to adopt the expertise of a particular scientific 
community, it is not enough paid attention “to the reasoning and strategies that ex-
perts employ when they acquire knowledge or put it to work to solve complex or real-
life tasks. […] To make real differences in students’ skill, we need both to understand 
the nature of expert practice and to devise methods that are appropriate to learning 
that practice” ([5], p. 38-39).  

In the next section, the situated learning approach and these implications will be 
discussed within the context of Theory of Computation.  

3 Enculturation into Theory of Computation Community 

At German universities, Theory of Computation is considered one of the fundaments 
of academic CS education and introductory courses to Theory of Computation are an 
integral part of undergraduate CS Ed programs. This is also the case at the department 
of CS at the University of Potsdam, Germany. The Theory of Computation courses 
cover the foundations of automata, programming languages, computability, and com-
putational complexity. The corresponding concepts, theories, and algorithms are 
strongly mathematical in nature, regarding formalized inscriptions used for the dis-
course as well as a strong focus on mathematical proofing of presented theories and 
approaches (for better overview see for example [9]). By introducing idealized math-
ematical models of the computer and discussing methods for designing and analyzing 
them, students are supposed to develop the ability of thinking abstractly about compu-
tational processes and models. However, before the introduced modifications in the 
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course’s pedagogy many students had problems in achieving these goals and failure 
rates in final exams were very high (usually between 30-60%). 

From the situative perspective, Theory of Computation is a specific CoP within the 
bigger community of CS. The Theory community includes members which mostly 
work at academic institutions like universities and therefore the discourse of the 
community is strongly based on academic research practices. In addition, the commu-
nity’s culture is strongly affected by mathematical practices and inscriptions. Aca-
demic education in this field can be regarded as the first step towards enculturation 
into this specific CoP. Since members of this community teach Theory courses at the 
university, consequently the pedagogy of these courses implicitly represents the 
community’s beliefs and practices of how to enculturate newcomers. This includes 
the topics covered in these courses as well as goals and assumptions of how students 
are supposed to learn and work successfully. This needs to be taken into account 
when arguing for changes or improvements of established pedagogies in this field.  

3.1 Teaching Practices: Theory of Computation 

Until the course setup and its pedagogical approach were modified, the Theory course 
consisted of the following components, which are typical for an introductory CS 
course in Germany: 

• Approximately 90-120 minutes of lectures per week given by a faculty member 
who presents the course topics, central concepts, algorithms, and their proofs and 
illustrates them with examples. 

• Weekly homework assignments based on the current lecture topics, which students 
are expected to solve individually and submit in writing for reviewing and grading 
by tutors (usually senior students). Handing in homework can but doesn’t need to 
be mandatory. 

• Approximately 90 minutes student session per week attended by approximately 25-
30 students and chaired by teaching assistans, during which students are expected 
to present their solutions to last weeks’ homework assignment. The objective of 
these sessions is to give them an opportunity to check the correctness of their solu-
tions and discuss them with the group. 

• Summative assessment by the end of the course including several assignments to 
be solved in written form. 

Within this pedagogical approach it was implicitly assumed that during the lectures 
students can follow and understand the presented concepts, theorems, and correspond-
ing proofs, and are also able to deduce from the presented practices how to handle and 
work on the weekly homework assignments by themselves. In addition, student ses-
sions were supposed to serve students as verification and improvement of their self-
directed development of practices in Theory of Computation. However, teaching as-
sistants reported that students had difficulties coping with the contents of the course 
due to its abstract and theoretical nature and that students seemed not to know how to 
tackle weekly homework assignments.  
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The situated learning theory drew attention to the Theory practices and how they 
were taught in the course. It was observed that these were not addressed and exposed 
sufficiently. Since all lecture topics were prepared in advance for a smooth presenta-
tion, students did not experience the enormous effort it took to create them, especially 
since the historical dimension of this field was not part of the curriculum. In conse-
quence, students did not experience on a regular basis how the teacher or professor 
(who represents the expert member of the Theory of Computation CoP) is approach-
ing a new problem, trying out different approaches, making mistakes, taking notes, 
etc. before creating a solution.  

Altering the pedagogy of the course, the main idea was to use student sessions to 
demonstrate and discuss relevant techniques of how to solve specific problems so that 
students are better prepared to solve their homework by themselves (for more details 
see scaffolding & fading method [5]). Also, the textbook used in the course was cho-
sen with regard to a strong emphasis on explaining and reflecting presented approach-
es [9]. 

Furthermore, important tools in Theory of Computation are mathematical inscrip-
tions and visualizations both created with pen and paper or chalk and blackboard. 
These tools are used to describe, specify, and reason about ideas, approaches, exam-
ples and potential solutions. We found it important to demonstrate and explain stu-
dents how these tools are meant to be used in this field of discourse. For this reason, 
we offered specific preparatory exercises that were solved jointly during the student 
sessions and served as a preparation for the homework assignments. These preparato-
ry exercises included detailed written solutions with extensive reflections and expla-
nations of the solution, providing insights about the used technique, method or strate-
gy. Also, the solutions explicated how mathematical inscriptions are used in this field 
and are expected to be used by the students when they turn in their homework. 

Redesigning the student sessions, the major change was to align the preparatory 
exercises with homework assignment in respect to structure and content. This means 
that in each session the same type and amount of problems was used for the exercises 
as well as for the homework assignments. In addition, it corresponds to students’ ac-
tivities during final exam, where students have to formulate a written solution for an 
assignment, which then will be graded by tutors under supervision of the instructors. 
In order to understand the expectations, especially with respect to the very strict and 
formal character of solutions to assignments, students need to train this skill and to 
receive a weekly feedback about their efforts. Since the final exam represents a situat-
ed activity particularly relevant of the overall pedagogy of the course, we believed 
that students must be prepared for this as well, especially when this is their very first 
university exam. For this reason, we also started to offer a pre-exam after the first half 
of the course. The pre-exam gave students an opportunity to practice the assessment 
situation and explicates what will be expected from them during the finals.  

Students acknowledged the described pedagogical changes. In a survey conducted 
during the course, they reported to feel comfortable with the weekly homework and 
overall expectations of the course since they would know how to work on their as-
signments. As a result, the failure rate decreased 60% to below 10% while keeping 
the requirements for final exams comparable to those of the previous years. However, 
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other CS colleagues, with whom we talked about this approach, were concerned that 
students are not fully acquainted with what they called “real” Theory of Computation. 
They argued that students are just trained to understand and apply presented solutions 
and are not learning to develop solutions to given computational problems on their 
own. This argument is very important because it emphasizes 1) how relevant the abil-
ity of solving computational problems is in the community of Theory of Computation 
in comparison to understanding given solutions and 2) the expectation that students 
should develop this ability without any scaffolding and from the very beginning of 
attending a Theory course. We argued that in order to be able to develop solutions to 
theoretical computational problems students should first understand and apply given 
solutions and the success of our students proved this approach to be right. However, 
there is no substantial empirical evidence showing how students best develop this 
important ability in Theory of Computation and what kind of pedagogy is required for 
supporting this adequately. Investigating this research question would require reveal-
ing the community’s implicit beliefs about educational goals and pedagogical practic-
es in this subfield of CS. 

3.2 CS Students’ Engagement in Theory of Computation 

Since the majority of CS graduates do not pursue a research career in Theory of Com-
putation, it can be concluded that except for a temporary enculturation, CS students 
do not intend to become full members of the Theory of Computation CoP. In addition, 
in the survey conducted during the Theory course at the University of Potsdam, most 
CS students reported that they did not find the course topics to be particularly interest-
ing and only attended the  course because it was mandatory. When asked for detailed 
reasons, most students explained that the purpose of studying Theory of Computation 
was unclear to them. Therefore, it seems to beimportant to explicitly provide students 
with reasonable rationales for studying this field of CS in order to foster their interest 
in becoming more engaged in Theory practices. 

One line of reasoning for including Theory of Computation into the CS curriculum, 
which is voiced regularly in the community,  is that prospective computer scientists 
should be familiar with the theoretical underpinning of computing. Students who 
intend to become members of the software engineering community need to be famil-
iar with topics like complexity or design and analysis of algorithms. For this matter, 
short examples of a topic’s possible applicability are usually provided during the lec-
ture and this was also the case in the course at the University of Potsdam. The chal-
lenge is that CS students really start to understand this argument much later in their 
education and therefore require additional reasons to spark their interest when being 
newcomers to the Theory of Computation CoP.  

In line with the purpose of enculturating students, presenting students with compu-
tational problems and teaching them practices of how to develop solutions and proof 
their correctness both emphasize the CoP’s focus on these activates. In addition, it can 
be helpful to explain how theoretical computer scientists are motivated to work on 
computational problems. Addressing this goal, Chesñevar et al. [4] introduced “bio-
graphical notes, videos and articles associated with the historical context in which the 
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theory of computing emerged as a new discipline” (p. 8). The authors reported that 
students responded very well to this historical perspective of theoretical CS, devel-
oped a deeper understanding, and became therefore more engaged. It seems that the 
historical perspective is a good approach not only to help students in creating meaning 
but also the teachers of the course to reflect and emphasize on the reasoning and strat-
egies of creating this body of knowledge. Nevertheless, it is not yet clear if under-
standing the CoP’s motivation will actually make it meaningful for students as well. 
In this context, another research question is how practices of Theory can contribute to 
students’ practices of other CS fields, e.g., modeling or programming and – if there is 
evidence for such transfer – how this can be used to engage students in addition. 

4 Conclusion and Outlook 

This paper introduced key characteristics of the situated learning theory and discussed 
questions of pedagogy and educational research in the field of Theory of Computation 
from this perspective. This discussion exemplifies how the change in learning theories 
alters the unit of analysis, thus reframing research questions and potential answers. 
Situated learning theories focus on a unit formed by individuals, interacting with each 
other and with tools emphasizing patterns of participation and the culture of learning 
in this unit of analysis.  

Discussing questions of learning and formal education in the field of Theory of 
Computation is exemplary because tertiary education in this field is usually imple-
mented by the members of the related (scientific) Community of Practice (CoP). The 
trajectory of enculturation is intended to start with introductory courses to Theory of 
Computation and leads to advanced seminars with open problems from the field. On 
the other hand, introductory courses to programming are more complex regarding the 
questions of community belonging and enculturation. The latter is meant towards a 
CS community, but this is a shared roof of different subcommunities of CS with in 
parts very different belief systems, practices, tools, or traditions and therefore differ-
ent cultures of learning and practices of enculturation. These can be for example: web 
development in the field of e-commerce, the development of embedded aviation sys-
tems, or distributed development of operating systems in open source projects. The 
relation to these different CoPs becomes particularly challenging when creating 
meaningful learning situations and teaching students programming practices beyond 
presentations of factual knowledge of programming syntax and exemplifying simple 
algorithms. What seems to be complex regarding tertiary CS education is even more 
so in secondary CS education. For instance, in Germany the primary goal of second-
ary CS Ed is not to engage and prepare students for tertiary CS Ed, but rather to ena-
ble students to interact consciously and well informed with information technology 
and use modeling skills “for understanding and solving problems in other fields of 
inquiry but also as tools for exploring and producing cultural artifacts” ([12], p. 6). 
Programming or coding is explicitly not regarded to be the most important practice 
students are supposed to adopt in CS class. From the situative perspective, this notion 
of CS Ed can be questioned as follows: What is the related CoP of these taught prac-
tices? What kinds of practices and tools determine the activities of this community 
and are they incorporated in the educational standards? What is the culture of learning 
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and what are the practices of enculturation in CS class? What kind of pedagogy sup-
ports this enculturation and how does it need to be implemented regarding CS teacher 
education and lesson design? However, all these questions just refer to the notion of 
secondary CS Ed envisioned by the CS Ed community. 

Student engagement is yet another facet to be taken into account: What kind of en-
culturation did students encounter before taking a CS class in high school? What are 
their expectations and belief systems regarding information technology and CS and is 
this aligned with the notion of CS Ed we are offering in secondary schooling? How is 
offered CS Ed contributing to their evolving identity as learners? Using a theoretical 
framework based on situated learning, Kolikant and Ben-Ari (2008) investigated how 
students and their teachers in a concurrent and distributed computing course in high 
school were interacting with each other. They observed different cultures of students 
and teachers that lead to a “clash of culture” and in consequence to learning difficul-
ties in the CS classroom [16], see also ([26], p. 16). In order to overcome the cultural 
clash, Kolikant and Ben-Ari created a fertile zone of cultural encounter, a pedagogical 
innovation that bridges between student beliefs and expectations of CS and the lan-
guage and formalisms of the professional culture presented by the CS teacher. This 
study exemplifies how the situated learning approach leads to questions of education-
al research and pedagogy beyond knowledge acquisition. 
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