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ABSTRACT
Developing an Android app is a complex skill that is difficult for
students to master because many constituent skills have to be pro-
cessed simultaneously, which might cause a cognitive overload.
Cognitive Load Theory (CLT) offers a framework to analyze and
reduce the cognitive load, but the question is how to apply CLT
in a systematic way during course design. The Four-Component
Instructional Design (4C/ID) model incorporates CLT and offers
additional instructional methods that improve learning. This paper
reports on a case study applying 4C/ID to develop a blended course
in Android app development. The following 4C/ID components
were designed using the Ten Steps to Complex Learning (Ten Steps)
approach: learning tasks, supportive information and procedural
information. Each designed component or part thereof was cat-
egorized as face-to-face or online, for both lecturer and student,
resulting in a blended learning design. The Ten Steps approach
proved to be valuable in designing a blended course in Android app
development. Our case study will be the starting point of further
research.
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1 INTRODUCTION
Developing an Android app is a complex skill that involves many
constituent skills. These constituent skills have to be processed
simultaneously, which might cause a cognitive overload that would
make it difficult for students to master developing an Android
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app. This cognitive overload is called high element interactivity
in Cognitive Load Theory (CLT). CLT relates to the amount of
information that working memory can hold at one time [2, 14, 15].
CLT offers a framework to analyze and reduce the cognitive load
of learning activities and has been previously applied in computing
education [8, 9, 11, 16].

The question remains as to how to apply CLT in a systematic
way during course design. A complicating factor is that applying
CLT frees up resources but does not automatically ensure that
freed resources are devoted to learning [22]. The Four-Component
Instructional Design (4C/ID) model incorporates CLT and offers
additional instructional methods that improve learning. The 4C/ID
model is acknowledged as one of the best instructional models
[10] and has been applied in several domains to several kinds of
courses, i.e. e-learning, blended learning, instructor-led [7, 13, 17,
23]. However, using this model to design a blended course in higher
computing education is a novelty.

This case study describes how to design a blended course in
Android app development using the 4C/ID model. We describe the
background of the model and illustrate the design of the course by
highlighting the main design steps. For us, the course design will
be the start of a research project investigating the application of
the 4C/ID model in software development education, as well as the
cognitive load of the resulting learning activities.

2 THE FOUR-COMPONENT INSTRUCTIONAL
DESIGN MODEL

According to the 4C/ID model, a course design for a complex skill
can always be described as four interrelated components: (1) Learn-
ing Tasks, (2) Supportive Information, (3) Procedural Information
and (4) Part-task Practice. Learning tasks are the backbone of the
course design. Learning tasks are real-life, authentic tasks that have
to deal with a whole task, that is, a task that a professional might
encounter in real life. Supportive information consists of systematic
approaches to problem solving (SAPs) and presents domain mod-
els. It helps students to acquire the nonrecurrent constituent skills.
Procedural information consists of rules or procedures to carry out
the recurrent constituent skills. Part-task practice gives students
additional practice in acquiring recurrent constituent skills that
need to become fully automated [20].

2.1 Cognitive load
The cognitive load associated with learning tasks is controlled by
organizing the learning tasks into simple to complex task classes.
The first task class typically consists of the simplest version of the
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complex skill that a professional might encounter in real life. A
learning task in a simpler task class has less element interactivity
than a learning task in a more complex task class. Learning tasks in
the same task class have the same level of element interactivity. The
cognitive load associated with supportive information is controlled
by only presenting the information to the students which is neces-
sary to complete a particular task class. In addition, the information
is presented before the students start working on the learning tasks.
The cognitive load associated with procedural information is con-
trolled by offering the procedural information just-in-time. There
is no need to offer the procedural information in advance, hence
the procedural information is delivered to the students together
with the learning tasks. Part-task practice automates the recurrent
constituent skills which makes performing the learning task easier
and hence reduces the cognitive load [21].

2.2 Instructional methods
The learning tasks include induction, which enables students to
construct cognitive schemas of how to approach problems in a
domain and of how this domain is organized. Supportive infor-
mation includes elaboration, which integrates new information
with cognitive schemas already available in memory. Elaboration
and induction are responsible for constructing cognitive schemas.
Procedural information includes rule formation and is, in combi-
nation with strengthening, which is included in Part-task practice,
responsible for rule automation [21].

2.3 Ten Steps to Complex Learning
The Ten Steps to Complex Learning (Ten Steps) approach offers
practical guidelines to apply the 4C/ID model [21]. Table 1 shows
the relation between the 4C/ID model and the Ten Steps approach.

Table 1: 4C/ID and Ten Steps

4C/ID Components Ten Steps
Learning Tasks 1. Design Learning Tasks

2. Design Performance Assessments
3. Sequence Learning Tasks

Supportive Information 4. Design Supportive Information
5. Analyze Cognitive Strategies
6. Analyze Mental Models

Procedural Information 7. Design Procedural Information
8. Analyze Cognitive rules
9. Analyze Prerequisite Knowledge

Part-task Practice 10. Design Part-task Practice

3 COURSE DESIGN
3.1 Context
The Amsterdam University of Applied Sciences offers a minor in
Mobile Development. As part of this minor, students are taught
how to develop an Android app. Students are required to have
basic programming skills, but they do not need to have experience
in Android app development. Android app development is taught
to different levels of students, both part-time and full-time, from

different streams, different years and different countries. To cope
with this diversity, flexibility is crucial. Flexibility is achieved by
using online learning combined with face-to-face learning, also
known as blended learning [5, 12].

3.2 4C/ID components
Learning tasks, supportive information and procedural information
are always needed to design a course. However, part-task practice
is only needed when a high level of automaticity is required [20].
In the course design, part-task practice was omitted because a high
level of automaticity is not required in an introductory Android
app development course.

The following 4C/ID components were designed using the Ten
Steps approach: learning tasks, supportive information and proce-
dural information. These components were used to create a blended
course design.

3.3 Learning tasks
The following steps from the Ten Steps approach were performed
to design the learning tasks: (1) design learning tasks, (2) design
performance assessments and (3) sequence learning tasks. First, the
learning tasks need to vary from each other just as they would in
the real world. The course design accomplishes this by varying
the app category: shopping, games, education, et cetera. Learning
tasks are organized in simple to complex task classes. Second, the
learning tasks need to be authentic and need to be performed using
a real development tool, namely Android Studio.

3.3.1 Task classes. Task classes were designed using conditions
to vary the complexity of the task classes. This method is called
the simplifying conditions approach [21]. The following conditions
were chosen to design the task classes: complexity of user interface,
number of activities, and complexity of data layer. These conditions
were used to design seven task classes from simple to complex.
Table 2 presents these task classes, which gradually increase the
cognitive load.

Table 2: Task classes

Task class User Interface Screens Data layer
1 Simple UI 1 POJO
2 Gesture
3 >1
4 Local Storage
5 Remote Data Source
6 Fragment
7 ViewModel

The conditions were found using a skill hierarchy (Figure 1),
which was made by decomposing the skill of Android app develop-
ment with the aid of several professional Android developers from
different companies.

3.3.2 Scaffolding. In the first task class, the students build sim-
ple single screen apps, but even the first learning task of the first
task class is too difficult for students to perform without any sup-
port. Therefore, the students get considerable support in the first
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Figure 1: Skill hierarchy

learning task, and this support gradually fades in the learning tasks
that follow. The completion strategy was used to design this so-
called scaffolding [19, 21].

The completion strategy uses task support to build scaffolding.
Task support consists of three elements: goal state, given state and
solution. In the Android app development course, the given state
is the requirements of the Android app including how the user
interface should look (design). The goal state is an Android app that
runs without errors and complies with the required functionality.
The solution is the steps to get from the given to the goal state.

In the first learning task of each task class, the students receive
the given and goal states including a complete solution, which
is called a worked-out example. In the second learning task, the
students only have access to a partial solution, which they have to
complete. This learning task is called a completion task. In the last
learning task, the learners receive no task support; they have to
find the solution by themselves. This is called a conventional task.

3.4 Supportive information
The step "design supportive information" from the Ten Steps ap-
proach was performed to design the supportive information. A
modeling example is used to teach students SAPs and is highly
effective in terms of learning [3, 6, 18]. A modeling example means
that the lecturer performs the SAPs and explains why particular
steps or decisions are made. For example, the lecturer shows how to
implement local storage. When the lecturer is finished, the students
apply the modeling example themselves to promote retention. Each
task class includes a modeling example.

To teach students the domain models, students are divided into
small groups and are asked to answer guiding questions using re-
sources that were provided. These guiding questions and resources
give the students the opportunity to elaborate on the domain mod-
els. To further improve elaboration, cognitive feedback that the
students receive from the lecturer is included in the course de-
sign. Cognitive feedback means that students can compare their
own problem solving, reasoning and decision making with those
of the lecturer. Performance assessments are used to give cogni-
tive feedback to the students. The skill hierarchy is used to define
performance objectives, that is, descriptions of what the students
must be able to do after the course. Performance objectives foster
reflection and provide the basis for assessing the students.

3.5 Procedural information
The step "design procedural information" from the Ten Steps ap-
proach was performed to design the procedural information. Stu-
dents are given corrective feedback to help them develop rules.
Corrective feedback helps students to recognize errors and form
rules to prevent them. Android Studio provides corrective feedback
using a code analyzer called Lint. Lint analyzes the code and gives
feedback about errors and potential improvements.

3.6 Blended learning design
Each designed component or part thereof was categorized as face-to-
face or online, for both lecturer and student, resulting in a blended
learning design. The modeling example was made part of the face-
to-face activities because SAPs in the Android app development
domain change so often that a recorded demo would be quickly
outdated. The students can apply the modeling example and give
answers to questions in small groups using several resources, which
are linked to online tutorials or documentation. Face-to-face ac-
tivities also include performance assessments, which allow the
students to receive cognitive feedback. The students perform the
learning tasks online individually, which gives them the opportu-
nity to work at their own pace, place and time. The students receive
procedural information along with the learning tasks. The students
can consult this information when needed. They can also get online
guidance from other students and the lecturer by asking questions.
In addition, the modeling example is available online and can be
consulted. Table 3 shows the blended learning design based on the
4C/ID components.

4 DISCUSSION
This paper illustrates how a blended course in Android app develop-
ment was designed using the 4C/ID model. This model proves to be
very helpful in making a blended course design; the 4C/ID compo-
nents and their parts can be used to decide if they should be offered
online or face-to-face. However, the design of a blended course
should do more than just enhance the face-to-face activities with
online activities. The two parts should reinforce each other, which
would make the course more appealing and effective. Blended learn-
ing is about face-to-face interactions and technologically-mediated
interactions between students, lecturers and learning resources [1].
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Table 3: Blended learning design

Face-to-Face Online
Lecturer Students (small group) Lecturer Student (individual)

Learning tasks works on tasks

gives guidance gives and receives
guidance

Supportive information performs
modeling example

apply
modeling example

consults
modeling example

answering
questions using
resource links

consults
resources

gives cognitive
feedback
(peer assessment)

Procedural information gets corrective
feedback
(code analyzer)

consults information

Students who only perform the learning tasks online would not
benefit from the advantages of blended learning. The online activ-
ities would, in that case, only enhance the face-to-face activities.
Thus, the students are divided into small groups during face-to-face
activities. The students get acquainted and are more willing to help
each other with the learning tasks during the online activities. We
argue that this online guidance could further reduce cognitive load
compared to just online or face-to-face courses designed with the
4C/ID model. In addition, with blended learning we can engage
the students and offer a meaningful learning experience, which
improves learning [4].

4.1 Ten Steps approach
As part of the Ten Steps approach, a skill hierarchy was designed,
which was valuable in getting an overview of the complex skill of
developing an Android app. However, defining this skill hierarchy
was time-consuming: many companies were consulted and many
iterations were needed. The skill hierarchy was also helpful in
finding conditions to define the simple to complex task classes that
are necessary to prevent the overload. However, defining these task
classes was also a time-consuming process. In general, applying the
Ten Steps approach takes time but it is helpful and gives detailed
guidelines about how to reduce the load and improve learning. A
limitation of the Ten Steps approach is that the process of making
a blended learning design is not explicitly guided.

4.2 Future work
Future research will examine how to expand the Ten Steps approach
with guidelines for designing a blended course. Research will also

be conducted on methods to construct the skill hierarchy and task
classes in a more systematic way. Also the cognitive load for the
each of resulting components will be studied. As a first step, the
Android app development course has been developed, resulting
in an online learning environment 1. Figure 2 shows a screenshot
of the online learning environment. In addition, we believe that
the Ten Steps approach could also be applied in other fields of
computing education.
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