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Abstract— This paper describes and compares two categories 
of pedagogical design patterns that have emerged from CS 
education practice: lecture-based design patterns and active 
learning design patterns. Pedagogical design patterns provide 
faculty with combinations of generalized descriptions of 
problems and solutions that occur in teaching and learning. The 
benefit of forming design patterns is the codification of successful 
practice that can be reused in multiple scenarios and draw on the 
creativity of the instructor for defining the details relevant to the 
course and the students. Design patterns have been represented 
in many formats since Alexander’s initial design pattern model 
highlighting different aspects of what is important in each 
domain in which the patterns are created and used. This paper 
analyzes design patterns emerging from recent developments in 
lecture-based pedagogy and active learning in CS education. 
Traditional lectures in computer science, engineering, and other 
STEM disciplines are being reconsidered due to research that 
shows that students are less likely to learn while listening and 
more likely to learn while actively engaged. Design patterns that 
address problems and provide potential solutions to traditional 
lectures in computer science education have been published that 
provide solutions to engage students during the lecture. The 
pedagogy of flipped classrooms and active learning have recently 
been adopted by many faculty in Computer Science leading to 
emerging design patterns for active learning. We compare how 
previously published lecture-based patterns and our active 
learning patterns address similar problems with different 
solutions to engaging students. We show how an object-based 
structure for pedagogical design patterns can provide additional 
information about the problems and the solutions addressed by 
the patterns that are more easily indexed and combined.   

Keywords—pedagogical design patterns, object-based pattern 
model, pattern language, concept map, CS education, social 
construction of knowledge 

I.   INTRODUCTION 
Computer science students are expected to graduate with 

knowledge of computer science topics and the skills to apply 
this knowledge to pedagogical and real world problems. Active 
learning affords students the opportunity to understand and 
apply course topics during class time in the presence of the 
instructor and teaching assistants.  
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Active learning has two primary benefits: misconceptions 
can be corrected before assessment and in-class activities 
create a more engaging learning experience for students [2]. 
Student engagement and collaboration are features of active 
learning that are often 

 contrasted by traditional lecture setting where students 
passively receive information [2].  Active learning is often 
used because it requires students to engage in meaningful 
learning activities and think about what they are doing [3].  

It can be challenges for students to maintain their attention 
and motivation for the entire class period and many students 
may start to lose their focus after the halfway point of a long 
lecture [1]. This has been a motivating factor for integrating 
more activities into lectures so that students remain engaged 
throughout the lecture. These class activities are done either 
individually or in teams to solve a given problem. This 
indicates that active learning can be considered as a continuum 
along which varying amounts of activity can be included in a 
class period.  

Although there is some variation in terms of how active 
learning is defined and discussed, there are some generally 
accepted definitions which helps to distinguish it from non-
active learning [2]. There are many different types of pedagogy 
which could be classified as active learning, such as team-
based learning (TBL) [5], cooperative learning [6,7], 
collaborative learning [2], problem based learning [2] or 
studio-based learning [8]. Although there are instances where 
students may work on activities alone, many cases of active 
learning have an emphasis on collaboration and learning from 
peers. Incorporating activities during scheduled class time is a 
unique opportunity where students can work together without 
schedule conflicts under the supervision of an instructor. This 
type of active learning centers around the social construction of 
knowledge. The physical structure of the classroom can 
facilitate this social aspect, such as by placing chairs and tables 
in such a way that they are conducive to collaboration.  

Successful implementations of active learning requires 
well-studied, goal-oriented pedagogical practices that are based 
on empirical evidence and research. We present an approach to 
formalize successful pratice in active learning using 
pedagogical design patterns. Pedagogical design patterns 
define successful ways to solve recurring problems using a 
language of problems and solutions, similar to the concept of 
design patterns in software engineering [18]. They provide a 
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formalism for capturing emerging successful pedagogical 
techniques [17]. Instructors can use pedagogical design 
patterns as a tool to formulate their teaching practices either in 
a lecture or active learning setting. There are many design 
patterns in the literature that focus on different aspects of 
pedagogy, most of which are teacher-centered pedagogy and 
lecturing methods [4].  

Design patterns are first and foremost a way for designers 
to implement solutions to known problems. Identifying a 
relevant design pattern is the first step in the process of 
applying that pattern to the practice of teaching. As the number 
of patterns increases, it becomes harder to find relevant 
patterns that address a specific problem. In this case, having an 
object model with mutiple attributes may help in indexing the 
patterns. In this paper, we have developed an object-based 
design pattern model that makes explicit the principles of 
active learning. The core structure of our model is derived from 
Alexander’s model [10], however, it has been extended to 
include components and attributes that capture features of  
active learning and collaboration. The modular structure of the 
model and defined attributes keep the problem and solution 
concise, allowing patterns to be easily indexed, and allow for 
the use of concept map representations to show the 
relationships among patterns. The object-based model 
representation makes pattern components and their attributes 
more obvious and cue designers to think about these aspects as 
they design their course.  

In this paper, we present our object-based design pattern 
model and compare it to existing narrative design pattern 
models. To highlight some of the differences between active 
learning and lecture-based patterns we compare this design 
pattern representation to the narrative form used in previously 
published lecture-based patterns. Finally, we discuss what 
these models say about the differences between active learning 
and lecture-based pedagogy.  

II.   PEDAGOGICAL DESIGN PATTERNS IN CS EDUCATION 
Design patterns represent known problems and solutions in 

a standardized way to enable sharing emerging best practices. 
Design patterns allow designers to look up a problem that they 
are currently facing and use practiced solutions which are often 
rooted in learning theories or empirical rationale. There is a 
wide range of pedagogical practices in CS education that 
originate from instructors’ expertise. Mapping the experience 
and practice to the theories of learning and motivation is not 
easy, especially for new instructors. Design patterns provide a 
framework to formalize this connection between problems and 
existing solutions based on theories or experience.  

We have conducted a review of 235 existing pedagogical 
patterns in published papers in 18 different venues [4]. We 
grouped these patterns into 6 main categories by looking for 
emergent themes in the problems that the patterns addressed. 
First we identified themes based on the similarities found in the 
problems identified in the patterns, then we associated each 
pattern with one or more themes to form groups of patterns. 
After identifying a group for each pattern, we reviewed the 
patterns in each group to confirm that the pattern is in the most 
relevant category. In cases where a pattern falls into two 

categories, it was placed under the category that described the 
core of the problem that it addressed. The six themes that we 
identified based on these existing patterns are: lecture design, 
feedback and assessment, course design, diversity imbalance, 
teamwork and collaboration, assignment and class activities. 
The number of patterns in each category were counted and 
percentage was calculated. As shown in Fig. 1, the majority of 
published patterns address common problems related to 
improving the value of lectures (74%) and the least number of 
patterns address problems related to assignment and class 
activities (2.1%) or students’ collaboration and teamwork 
problems (3%). 

 
Fig. 1. The distribution of pedagogical patterns 

The pedagogical design patterns that we have reviewed 
previously are presented in different formats but each are 
rooted in the format presented by Alexander [10]. All patterns 
include a ‘problem’ and ‘solution’.  However, depending on 
the context some patterns included additional attributes.  Below 
we show five variations of the Alexander's format applied in 
the patterns we reviewed [4].  

Format 1:[Context, Problem {forces}, Solution {solution 
details},Positive/negative consequences, Pattern 
implementation, Examples, Related patterns] 

Format 2: [Summary, Context, Problem {forces}, Solution 
{solution details}, Positive/negative consequences, Pattern 
implementation, Examples] 

Format 3: [Problem {context, force}, Solution, Rationale, 
Examples, Consequences] 

Format 4: [Context, Problem {forces}, Solution, 
Implementation, Consequences, Examples] 

Format 5:[Context, Problem {forces}, Solution, Rationale, 
Examples, Related patterns] 

One of the commonalities that we observed across all of the 
CS pedagogical design patterns that we reviewed is that they 
present the problems and solutions in a narrative form, similar 
to Alexander’s design patterns. In this work, we have 
developed an object-based pattern model which has 
Alexander’s format at its core, but have extended it to include 
components and attributes which capture features that 
distinguish the patterns based on their emphasis on active 
learning and team-based learning. 



III.   OBJECT-BASED DESIGN PATTERN MODEL 
We have created an object-based design pattern model is 

derived from Alexander’s format [10], our practices of active 
learning over 4 years, and a review of research on team based 
learning [15,16, 4]. Fig. 2 illustrates this model, its 
components, attributes and related values.  

 
Fig. 2. Developed object-based pedagogic design pattern model 

 

This model has four main components: ‘pattern name’, 
‘meta-data’, ‘pattern core’, and ‘implementation’. The ‘pattern 
name’ describes the general characteristics of the pattern 
whereas the ‘meta-data’, provides high-level information about 
the pattern. It provides information about the high-level 
category of the problem this pattern addresses and its goal 
(e.g.; content delivery, assessment or getting students’ 
feedback, individual vs. teamwork, etc.) [4]. The ‘pattern core’ 
component, has four main attributes: problem, solution, 
rationale, and pitfall. Because the problem and solution are 
paired to describe the general issue and how it is going to be 
addressed by the pattern, the solution also includes second 
level attributes which capture the collaborative aspect of the 
solution (when applicable). These second-level teamwork 
attributes are: team formation, team size, duration of 
teamwork, individual grade in teams, teamwork product 
contribution to final grades, activity progression and roles in 
teams [4]. Different variations of the teamwork attributes can 
be practiced in applying the solution. Therefore, several 
examples of the solution can be provided by setting different 
values for the teamwork attributes. The third attribute of the 
‘pattern core’ is the ‘rationale.’ ‘Rationale’ connects research-
based evidence with experiential knowledge to justify why the 
solution is appropriate for the corresponding problem. Design 
patterns can have unintended or undesireable side-effects. This 
aspect is captured in the ‘pitfall’ attribute which warns about 
how the pattern’s solution may lead to a different problem 

which may be addressed by another pattern. Finally, the 
‘implementation’ component of the model provides insights 
about application of the pattern in a course or context specific 
domain. This part includes three attributes of: course level, 
semester and related courses. 

According to literature, patterns should be “simple and 
elegant solutions . . . [which] capture solutions that have 
developed and evolved over time” [13]. The intention of the 
developed components and attributes in our model is to 
highlight the pattern details and features. In other words, there 
is no need for the pattern designer/user to narrate/look for all 
the details in a very verbose pattern description. Instead, this 
abstract representation is concise and flexible allowing the 
practitioners to adopt different variations of attributes in 
implementing the pattern.  

Based on the object model, we have developed 10 patterns 
mainly focusing on general problems of active learning such as 
students’ preparation before class and collaborative in-class 
activities. Since the contributions of this work is mainly about 
the developed object-based model and how it captures the 
active learning features, we are presenting only one of the 
patterns as an example in this work. 

 In the process of developing this model and the generated 
patterns, we held three workshops with faculty to collect their 
insights and identify the emerging design patterns based on the 
practices of active learning in our college. The first workshop 
had 7 participants and was conducted in March 2016. It was 
dedicated to the development of the design pattern model. The 
second workshop was conducted in May 2016 with 16 
participants and the third one was in May 2017 with 19 
participants. During these sessions, we collected and 
categorized the many problems faced by faculty as they 
adopted active learning pedagogical techniques in their 
teaching practice. We also collected and developed solutions to 
these problems. In some cases there were different solutions 
based on collaboration with slight differences for a common 
problem. In order to keep the patterns as simple as possible and 
also avoid having multiple patterns that address the same 
problem we added more dimensions to the solution component 
of the model. Hosting multiple workshops allowed us to evolve 
our object-based model through several iterations based on the 
needs of instructors that we identified in each workshop..  

The next section presents the object-based model using one 
of our developed active learning patterns. To highlight its 
differences with the existing pattern formats, we compare it 
with a narrative pattern that address a similar problem of social 
construction of knowledge in lecture setting.  

IV.  OBJECT-BASED ACTIVE LEARNING PATTERN AND 
NARRATIVE LECTURE-BASED PATTERN 

In order to evaluate the efficacy and flexibility of our 
object-based model, we present one of our developed active 
learning design patterns in the object-model format. This 
generic active learning pattern is shown in Fig. 3. The pattern 
addreses the problem that students need applied practice with 
course concepts to go beyond a theoretical understanding that 
they develop during lecture or during prep-work.  This pattern 
presents a solution based on social interactions, teamwork and 



social construction of knowledge. Simultaneously, we present 
one of the lecture-based patterns from the literature (presented 
in Alexander’s format) addressing the same problem in 
narrative format for fair comparison. 

 
Fig. 3. Object-based model of ‘Learning activity in-class’ pattern 

 
Fig. 4. Example of ‘Learnng activity in-class’ pattern 

As shown in Fig. 3, the concise model clearly addresses 
students’ collaboration and engagement issues. The attributes 
of ‘meta-data’ component provide higher level infromation 
about the pattern. Since this pattern addresses the collaboration 
issue between students (as read in meta-data), the teamwork 
attributes relate to this solution. By setting different values for 
teamwork attributes multiple examples can be generated for a 
single pattern. Fig. 4 shows a sample implementation of 
‘Learning activity in-class’ by assigning values to teamwork 
attributes.  

The lecture-based pattern that we have identified for 
comparison purpose is named ‘Student miners’ (AKA, social 
knowledge construction) [14]. The core of the problem this 
pattern addresses is not to “..present something by yourself that 
the students are about to learn, but let them find out about it 
(mainly) by themselves, based on their own knowledge and 
experiences.”[14]. This pattern format is an adapted version of 
the Alexandrian pattern format [10]. It contains four sections. 
The first section of the pattern consists of a brief description of 
the context, which is followed by three diamonds. In the 
second section, the problem and the forces are described that is 
followed by another three diamonds. The third section has the 
core of the solution in bold, the solution explains in detail the 
positive and negative consequences of implementing the 
pattern and  explains possible implementations. The final 
section of the pattern is an examples of actual implementation 
that is written in italics[14].  

Fig. 5 shows the narrative design pattern model in which 
the pattern is reprsented. To save space an overview is 
displayed with part of the pattern is magnified to show an 
example of what is written.  

 
Fig.5. ‘Student Miners’ pattern (AKA Social knowledge construction) 

[14] 



The ‘Student miners’ pattern also offers a detailed solution 
and examples of how students can collaboratively work on a 
given problem. The other patterns that can be applied in 
relation to this pattern are mentioned in the form of keywords. 
Although the focus of this pattern is the collaboration between 
students, it does not offer any solution or insight about how the 
collaboration should be achieved or which teamwork attributes 
need to be considered. In the following section we discuss the 
observed differences and the comparison result in more depth.  

A.   Pattern Format Comparison Analysis 
We have presented two different pattern models. One is a 

narrative pattern model that was previously pubished. The 
narrative pattern describes a lecture-based pedagogical 
technique. The other pattern that we presented is represented 
using an object-based model which captures an active learning 
pedagogical technique. The object-based design pattern model 
has more structure and both the problem and solution are more 
concise. By simplifying the text description for the problem 
and solution and creating more structure, we obviate the 
dimensions that are relevant for our context.  

Before we are able to apply a design patter, we need to be 
able to search and find the corresponding pattern from a 
repository. As the number of patterns increases, it becomes 
harder to find relevant patterns that address a given problem. In 
this case, having an object model may help. Dimensions of the 
object model serve as a search criteria through which designers 
can narrow their search. Concise problem and solution pairing 
makes it easy to quickly find the problem that is being searched 
for and evaluate whether the provided solution would fit the 
designers need. The object model makes both of these tasks 
easier by pulling information out of the problem and solution 
and making the extracted information available for filtering.  

The extracted information can be seen as the domain 
specific aspects which may differ from active learning patterns, 
to lecture-based patterns. These dimensions ensure that 
important information is presented clearly. For instance, the 
‘student miner’ pattern [14] is about collaborative knowledge 
construction but it does not explicitly bring attention to this 
collaboration aspect. Teamwork attributes in the object-based 
model are a way to highlight these aspects. Similar to 
programming context, the core of object model, which includes 
problem, solution, pitfalls, and rationale, can be seen as an 
abstract class. It can be extended with different components 
and attributes to be applied within a specific domain. These 
attributes are like “strongly typed” variables which ensures that 
they can be reliably used for tasks such as search. In narrative 
design patterns, this information is often implied through the 
problem and solution text. These two variables can be seen as 
“weakly typed” variables because they don’t enforce consistent 
representation from pattern to pattern.  

In narrative design pattern models the solution is very 
specific about how the pattern relates to other patterns. It 
doesn’t always limit these relationships to pitfalls but also 
describes similar patterns and originating patterns which serve 
as a hierarchy. The solution also provides rationale for the 
solution. In this way, the actual implementation can be 
obscured by this additional information and designers would 

need to look at these other patterns as well to understand the 
context. This may lead designers to be overly specific about 
how the patterns are implemented and it requires them to do a 
lot of additional reading and work.  

In the object-based model, the solution is concise because 
the information is distributed throughout components of the 
object model and their attributes. The attributes and their 
values provide guidance and suggestions about how to 
implement the pattern, but the solution itself is very 
generalized which leaves it open to interpretation. This balance 
between specificity and flexibility is another benefit provided 
by the object-based model.  

Another advantage of featured attributes and modularity of 
the object-based model is that it provides an opportunity to 
develop more consistent patterns in terms of their structure and 
their component in a given domain.  

We also observed differences in the perspectives and 
context of the solutions that these two patterns offer (‘learning 
activity in-class’ and ‘student miner’). For example, the 
‘Student miner’ pattern suggests that it be applied only after the 
first year. The rationale is that in in the first year students do 
not have enough prior knowledge to work on problems in class. 
Our active learning accounts for this problem as a pitfall. It 
suggests that prep-work or short-lectures might provide 
students with this information as needed. In this way, patterns 
can be applied at any level provided that the pitfalls are 
considered and addressed with additional patterns.  

In summary we can see that object-based design pattern 
model can be indexed and searched because of their modular 
structure and defined attributes. The concise representation of 
the problem and solution and the attributes together means that 
there is a good balance between specificity and flexibility. 
Therefore, the object-based pattern model can be easily 
adapted to specific contexts such as active learning where 
dimensions such as team size, which are the social 
opportunities afforded by active learning, can be highlighted. 
Finally, by presenting pitfalls which link to other patterns a 
holistical learning environment can be created by accounting 
for side-effects that occur when implementing a pattern. 

In the following section our method for representing the 
relation of the patterns and suggested sequential organization is 
presented in the form of concept map. We compare how using 
concept map helps designers navigate through the pattern space 
and its advantages over just mentioning the related patterns in 
the body of the pattern in narrative format.  

B.   Relational Representations of Patterns 
It is challenging to evaluate patterns individually because 

they can have side-effects or because they do not fully address 
all the problems that are encounted in classroom settings. 
According to Alexander [12] assembling the patterns together 
gives more value to them and representing their relationship in 
a given domain is called the pattern language. In education, 
this pattern language is important because the needs of students 
are varied and the needs of each classroom vary widely 
depending on content, instructor’s preferences, and the 
physical layout of the classrom. 



In this study, we apply concept map as a tool to visualize 
the relationship between developed object-based patterns. In 
Fig. 6, a concept map as an object-based pattern language 
represents the relationships between patterns as directional 
from problem-solution pair (marked by patetrn name) to pitfall 
of the same pattern.  

 
Fig. 6. Relational representation of active learning patterns as a concept 

map 

In this concept map, the pitfall(s) of each pattern leads to an 
existing pattern that addresses that pitfall as a problem. In order 
to illustrate navigating through the concept map let’s consider a 
preparation pattern such as ‘short lecture before class’ as an 
example. This video lecture prep work that occurs before class 
has a number of potential problems associated with it such as; 
students don’t learn the material the first time that they interact 
with it, or they only passively engage with the material and 
aren’t fully prepared to do in-class activities. Each of these 
pitfalls lead to two other patterns that address these problems. 
This highlights the importance of using multiple patterns 
together rather than choosing a single pattern that tries to 
mitigate every pedagogical problem. This system allows 
keeping the body of the patterns concise while helping easier 
navigation and exploration of design space. The links between 
patterns are not prescribed and absolute, they serve as 
suggested pathways through the design space. However the 
designers can adopt and combine patterns based on their own 
prefrences in any context. This self-descriptive pattern space 

gives flexibly to designers to choose multiple patterns that 
work well together. 

In the narrative pattern model (as an example the ‘Student 
miners’ pattern [14]), related patterns are mentioned as 
keywords with capital letters directly in the body of the pattern. 
In this format, the relationships between patterns are sometime 
elaborated and some other times are implied and need to be 
inferred by the reader. Moreover, the names of the related 
patterns are not always descriptive and it makes the relation 
interpretation even more challenging. In the object-based 
pattern language however, all relationships between patterns 
are directional and are described in the pitfalls section. This 
supports the idea that ‘pitfall’ is an important attribute of any 
pattern.  

In the narrative pattern format the types of relationships 
between patterns are defined by bolded keywords that are 
integrated into the narration. The reader needs to identify the 
type of relationship between each pattern by reading the pattern 
narrative. This can take a significant amount of time for the 
reader. We tried to identify the types of relationships 
mentioned in the solution of the “student miners” pattern [14]. 
We categorized them in four types of: Originating patterns, 
similar patterns, course specific patterns, and related patterns. 
This lack of a uniform relationship and the diversity in the 
types of relations makes the pattern language less consistent 
and more challenging to be interpreted by potential users. In 
the object-based model we introduce the idea of attributes 
which eliminates the need for similar patterns or course 
specific patterns in the pattern language. In this model, these 
varied needs are achieved by developing the examples (Fig. 4) 
of the abstract pattern (Fig. 3) which have different values 
assigned to the ‘pattern core’ and ‘implementation’ attributes. 
This helps to minimize the number of developed patterns and 
avoid redundancy. Therefore, in the resulting object-based 
pattern language we have a hierarchy of problem-solution pairs 
that generate pitfalls and the pitfalls are directed to other 
patterns as possible solutions. 

 Active learning and collaboration are often coupled with 
flipped classrooms. In this way, flipped classrooms provide 
students with an opportunity to become familiar with the 
materials at home, get practice with it in class, and then extend 
their understanding after class with assignments. This 
complexity means that implementing one signle patterns would 
not likely sufficient to create a successful collaborative 
learning environment. Instead, multiple patterns could be 
combined to deliver content consistently throughout the active 
learning cycle. This aspect highlights the importance of a 
usable and comprehensive pattern language that can be applied 
by designers.  

In summary, the object-based pattern language or the 
concept map representation describes why a sequence of 
patterns can be combined and applied together. Narrative 
lecture-based patterns on the other hand suggest several 
patterns that are related but there is not enough clarity on the 
nature of relationship. As the number of patterns grows in the 
narrative format it would be more difficult for the designers to 
compile the pattern language and choose a set of related 



patterns. This implies that the object-based pattern language 
has less complexity compared to narrative pattern language.  

V.   DISCUSSION 
We have compared a narrative lecture-based design pattern 

model to our object-based design pattern model. The two 
models were created for different purposes and therefore 
contain some differences in terms of what they afford to 
instructors and course designers. These differences also help to 
differentiate active learning and lecture-based classrooms.  

The differences between object-based and narrative lecture-
based design pattern models affect the usability of the resulting 
patterns. We have observed that the structure of a design 
pattern can have an impact on the perceived affordances. 
Object-based representations have pitfalls and attributes which 
afford search, establish meaningful relationships between 
patterns, and help to minimize the text in the problem and 
solution. Attributes and values provide information at a glance 
that can be easily searched. This ability to search in narrative 
formats is limited to the words used in the narative. Object-
based model makes the patterns more readable and the 
instructor or course designer can quickly understand the 
problem and solution. Attributes also cue designers to think 
about specific aspects of design such as teamwork. Designers 
are cued to not only think about teamwork at a high-level but 
also think about the low-level implementation details. Pitfalls 
provide a sensible mapping between patterns. Pitfalls are the 
way to relate side-effects of implementing a pattern to other 
patterns which help mitigate those side-effects. This approach 
creates a constellation of patterns that are each related to each 
other. These constellations can be visualized as concept maps. 
In the narrative patterns, all of this information needs to be 
encoded into the problem or solution which reduces their 
readability.  

One other main difference that we’ve observed is that in the 
lecture-based patterns that we reviewed, the relationships 
between patterns were denoted by writing the pattern’s name in 
all capital letters. The type of relationship needed to be inferred 
from the context. These relationships help to show related 
patterns, but they require the designer to read the related 
pattern to understand why and how related patterns pertain to 
the current pattern. These relationships pointed to the 
provenance of patterns as well as patterns that were most 
related. These patterns often solved a similar pattern in a 
slightly different way. The designer might read many different 
patterns, look up related patterns, and choose the pattern that 
best addressed their specific problem.  

Active learning classrooms require a constellation of 
patterns which are chosen in order to coalesce to form holistic 
learning environment. In this way, active learning is as much 
about what happens before and after class as it is about what 
happens during class. For example, some students have trouble 
learning the material the first time that they encounter it and 
they may need to be exposed to the information a little on their 
own before class via prep-work. But prep-work introduces new 
problems that must also be accounted for with more patterns. 
In this case, it is necessary to create a holistic experience for 
students in order to successfully create classrooms where 

students are able to learn both individually and collaboratively 
to develop both their declarative and procedural understanding 
of the course material at their own pace. Based on our 
comparison, we’ve seen that object-based design pattern 
models provide unique affordance that may make them more 
usable than narrative design pattern models. Object-based 
design pattern models are better able to capture the many 
complex aspects of active learning which can make adopting 
active learning so difficult for instructors who do not have 
experience teaching in non-lecture formats. Therefore, our 
results suggest that when designing materials for effective 
active learning, an object-based model may be more helpful 
than narrative models. Furthermore, active learning isn’t about 
specific activities but instead, it is about creating classroom 
environments that support opportunities for activities at 
multiple points in time, often both inside and outside of the 
class.  

One of the main goals of applying design patterns is to 
facilitate the process of sharing teaching practices in a 
structured format in the form of problem-solution pairs. They 
do not prescribe solutions, as the process of design and 
development of design patterns is an incremental process, 
patterns evolve over the time in different contexts. The object 
based model of design pattern makes this evolutionary process 
easier, since diverse solutions can emerge and be derived from 
the generic and abstract solution based on instructors’ skill and 
experience. 
Another advantage of applying pedagogical design patterns is 
to provide a meta-level view on teaching practices. During 
several workshops we had with faculty to develop design 
patterns, we noticed some instructors intutively identify the 
problems they face in the cousre and have well stablished 
methods and solutions to those challenges, but it was not easy 
to formalize them as a design pattern in the form of problem 
solution pairs. Design patterns help instructors to have a 
metalevel view of their own practices. We believe this modular 
formalization of teaching practices help instructors (especially 
the less experienced ones) in adopting a meta-cognitive process 
for course design.  

VI.   CONCLUSION 
In this paper we present our pedagogical design pattern 

model which captures the collaborative aspects of active 
learning. We reviewed existing published design patterns and 
design pattern models that have been employed in CS 
education. We observed that these pattern models, which were 
developed based on Alexander’s pattern format, were 
presented in narrative form and emphasized mostly lecture-
based pedagogies and methods.   

We proposed an object-based model to represent design 
patterns that also uses Alexander’s format in its core, but it also 
includes extended components with attributes to acheive a 
modular pattern structure. The modularity of this object-based 
model helps designers search and index the patterns. The meta-
data component of the object-based model provides higher 
level information about the pattern. This feature gives 
flexibility to designers to decide to apply the pattern without 
having to read through the whole pattern. The modular 



structure of the object-based model and its attributes prevents 
redundancy and developing similar patterns with minor 
differences. The object-based model supports a fundamental 
idea of design patterns which suggests the patterns should be 
simple and elegant [13]. Pedagogical design patterns should be 
able to be implemented many times without having to 
implement the same solution twice [11]. The object-based 
model supports having different solutions that address the same 
problem by adopting different values for the attributes of the 
components. Another contribution of this work is the relational 
representation of the patterns. Because instructors face multiple 
problems when designing their courses, patterns are most 
valuable when combined. Therefore, we used the idea of 
concept map to represent the relationship between patterns.   

In summary, the contributions of this paper are: 

1) Presenting an object-based pedagogical design pattern 
model with attributes that has the flexibility to be applied in 
any pedagogical setting.  

2) Providing an example of active learning pattern in 
object-based model which address the problem of social 
construction of knowledge. 

3) Comparing a pattern in the object-based model with a 
narrative pattern that addresses the same problem, and 
highlighting the differences. 

4) Proposing an object-based pattern language by applying 
concept map as a tool for relational representation of the 
patterns.  

5) Comparing two types of pattern languages: a) our 
developed concept map and b) description of relations in 
narrative pattern format, and discussing the differences.  

In future work, we will evaluate the relevance of a concept 
map of patterns. We will also evaluate the pattern model in 
different CS courses to see how this object-based model 
encourages instructors to apply successful active learning 
techniques. 
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