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Abstract—This paper describes the step-wise re-design of a
traditional introductory programming course into a blended
learning course. By combining lectures with an online pro-
gramming environment, short instructional videos, and Tutorial-
worksheets, we intend to increase student learning and help
students develop the ability to write software. To ensure a
successful revision of the course, student learning is closely
monitored. The course is changed in separate steps spread over
several semesters. By administering a German translation of the
SCS1 Assessment at each step, the effects of the changes to the
course can be analyzed. The translation of the SCS1 and the
data gathering process are described and preliminary data on
student learning in the course are shown.

I. INTRODUCTION

Modern engineering is highly dependent on software. Not
only a growing fraction of devices contains programmable
components, but also the design process of virtually all en-
gineering projects is accomplished with the help of software.
Consequently, most engineers trained today can benefit from
a foundation in computer science, and especially in program-
ming. Thus, it is not surprising that most engineering degree
programs contain at least an introductory computer sciences
course ("CS1”).

Most introductory programming courses are taught in a
traditional manner, with lectures supplemented by practical
work. [1] This practical work is either done in laboratories
with a tutor present or by the students on their own, where
only the finished source code or program is checked by a
teaching assistant.

For almost as long as this approach to teaching has been
used, studies have reported that the results of such courses
are below expectations. Winslow summarizes that “study af-
ter study, regardless of the methodology, reaches the same
conclusion” that “novice programmers know the syntax and
semantics of individual statements but they do not know
how to combine these features into valid programs”. [2] This
is also reflected in the high failure rates of introductory
programming courses, with an international average of 32.3%
students failing such courses. [3]

This paper describes the re-design of such a traditionally
taught course with the aim of improving student learning,
especially students’ ability to program. In several steps, the
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course is transformed to adapt a blended learning format which
combines e-learning and face-to-face learning. [4]

In the following subsections, we will describe the context
of the course. We will then detail the individual changes made
to the course and explain our reasoning for each change.
Afterwards, we will describe how this change is implemented
over the corse of several semesters, reducing the work-load of
the teaching staff per semester. The new design of the course
is founded on evidence gathered from literature and through
tests as part of this research. An overview of the data obtained
so far is given in Section IV.

A. CS1 at Hamburg University of Applied Sciences

The CS1 course described in this paper is an introductory
programming course held at Hamburg University of Applied
Sciences (HAW) in Germany. The course is mandatory for first
semester “Industrial Engineering and Management”! students,
1. e. students that do not major in computer science. It is offered
each semester, with about 125 students attending in winter and
about 50 students attending in summer term. To receive the
3 ECTS? points for this course, students have to pass the exam
and 50% of the labs. The course covers basic programming
in C, including datatypes, conditionals, loops, arrays, pointers,
functions and recursion. It also covers simple algorithms as
e. g. bubble sort.

In the summer term 2015, the third author of this paper
took over the course. Until then, it was taught in a traditional
manner.

B. Programming cannot be learned in a lecture

As stated above, many studies have shown a lack of success
in traditional introductory programming education. A common
research design for such studies is the analysis of source code
written by students. In 1982, Soloway et al. for example inves-
tigated the programming skills of students who had completed
a single semester programming course. Even when ignoring
syntax errors, only 38% of the students in their study were
able to write a loop which calculates the average of several
numbers with the end of the loop indicated by a sentinel
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value. [5] In 2001, McCracken et al. reported on a multi-
national study where students were tasked with programming
an simple calculator. A significant number of answers “showed
[either] that the student had some idea about what was needed,
but completed very little of the program” or “that the student
had no idea about how to approach the problem.” [6] However,
studies have also shown that students do know the syntax
and semantics of individual statements. Thus, what they fail
to learn is how to use and connect statements to create a
program. [2]

These problems could also be observed among the stu-
dents attending the traditionally taught course at HAW. This
prompted the new instructor to re-design the course. This
re-design is focused on a stronger separation between the
abstract, theoretical knowledge that students have to learn and
the practical skills of programming they have to acquire.

II. CONCEPT OF A NEW BLENDED LEARNING
PROGRAMMING COURSE

The concept of the course was switched from a traditional
lecture to blended learning. With blended learning, face-to-
face teaching and e-learning are combined in a way that the
strengths of both educational formats are combined without
any significant drawbacks. [4] In the course described here,
face-to-face lectures are used to discuss fundamental concepts
and introduce new ideas. The e-learning components support
students in testing and developing their conceptual understand-
ing. Additionally, they allow students to practice programming
in an environment suited for beginners.

The components of the course and their interaction are
explained in more detail in the following subsections of the
paper. The e-learning components are developed as part of the
Hamburg Open Online University-Project (HOOU) and will
be made available as Open Educational Resources (OER).

A. Face-to-Face Lecture

The lecture will focus on programming concepts as well as
the design of algorithms.

B. Online Programming Environment

Automated assessment tools have been shown to be help-
ful in improving student learning. Similar to detailed error
messages and warnings from a compiler, these tools can help
students by giving quick feedback on the quality of a program,
allowing for faster progress through shorter feedback loops. [7]

However, in addition to a compiler and an integrated de-
velopment environment (IDE), the automated assessment tool
would be the third piece of software that students have to
install before they can start to practice programming. While
the installation and configuration of such software is no
problem for experts, it can be quite troublesome for novices.
To circumvent this problem, the re-designed course will use
an online IDE for all programming exercises. This IDE will
contain the programming tasks and allow for the automated
assessment of students’ solutions. This way, students can

practice programming whenever they sit in front of a computer
with internet access.

An added benefit of this online IDE is that the interface
can be simplified quite easily. Using professional IDEs allows
students to get familiar with software they might be using in
industry and gives them access to most features they might
need at some point. However, such IDEs have significant
drawbacks in the context of education. As Reis et al. note,
professional IDEs often provide a “complex interface that is
bewildering to novices. For beginning students, providing a
simple, intuitive user interface is far more important than
offering every conceivable feature.” [8]

C. Short Video Lectures

When solving programming tasks in the online IDE, stu-
dents will have access to short video lectures. Each video
gives information on one topic, such as variables, input/output
commands, or loops. The verbal explanation in the video is
supplemented by a screen recording and hand-written notes.
Each video ends with a short quiz, which has to be passed
before the next video can be accessed.

The videos are produced by the lecturer, 2 student assistants
for the video post production and 2 media-assistants for
storyboarding and multimedia design. The overall concept was
to keep the duration of the videos within the attention span
of about 10 to 15 minutes. This has the benefit that students
are more likely to view the full video and can find relevant
information more easily, as each video is devoted to only one
topic. [9]

D. Tutorial-Worksheets focussing Conceptual Understanding

So supplement the programming exercises, so-called
Tutorial-Worksheets are developed. These are designed to help
students test and develop their understanding of concepts such
as functions, loops, or arrays. Tutorials have been shown
to significantly improve student understanding in other sub-
jects. [10] The development of the Tutorials is described in
detail in a different publication. [11]

E. Focus on Cl1

To ease the learning process of the students, the version of
the C-language taught was changed from C99 to C11. In this
new version, some new statements are available which in the
old version were rather error prone for novice programmers.
Examples are runtime declarations of fields, “bool” variables
as native types, and range-based ‘“for’-loops, automatically
counting over all elements of a structure.

This helps students avoid simple mistakes in some more
complex syntactical tasks.

III. STEP-WISE CHANGE OF THE COURSE

The re-design of the course as described above requires
substantial effort. To make this more manageable, the process
is separated into three steps, spread over several semesters. At
the time of writing, Step 1 has been completed and Step 2 is
being worked on.



A. Step 1

The course was given in the old, traditional format with
8 x 90 minutes of lecture and weekly recitation sections held
by student tutors. The lectures were recorded on video. The
strengths and weaknesses of this course were analyzed using
the SCS1 Assessment as a pre- and post-test.

B. Step 2

Using the recorded lectures, short video segments are pro-
duced for the online learning environment. New videos are
recorded when necessary. The exercises for the online IDE are
created based on the tasks used in recitation sections. Tutorial-
Worksheets are also added to the course. The videos, tasks
and Tutorials are selected based on the analysis of the course
during Step 1.

The online learning environment is added to the course. The
lecture and recitation sections are largely the same as before.
Pre- and post-tests are used again to evaluate the effectiveness
of the changes and allow further modification. In addition,
answers to online tests are analyzed and used for a further
improvement of the course.

C. Step 3

The recitation sections are completely replaced by the online
learning environment and the lecture is changed to focus on
algorithms and data structures.

IV. EVALUATION

To assess the course described in this paper and the success
of the re-design, pre- and post-tests are used. Based on
students’ scores in these tests, the so-called learning gain [12]
or the more general normalized change [13] can be calculated.
These measures indicate how much a student learned, nor-
malized to how much he/she could have learned. With s,
Spost> Smax indicating a student’s pre-test score, his/her post-
test score, and the maximal possible score, respectively, the
student’s normalized change c calculates as:

S — S
post pre .
if Spost > Spre
c= Smax — spre (l)
Spost — Spre .
————— if Spost < Spre-
Spre

As shown by Hake, a course’s average learning gain is
largely affected by the type of instruction but less so by the
individual instructor. [12]

As a standardized testing tool, we decided to use the SCS1
Assessment.

A. SCSI Assessment

The SCS1 Assessment is a standardized 27-question
multiple-choice test that evaluates students’ understanding
of programming using code completion, code tracing, and
qualitative questions. It covers programming fundamentals,
loops, conditionals, arrays, function parameters and return
values as well as recursion. The test uses a pseudo language,
for which a reference sheet is provided with the test. The usage

of the pseudo language allows researchers and instructors to
use the test regardless of the programming language students
have learned.? [14], [15]

To our knowledge, the SCS1 is the only available standard-
ized assessment on programming.

B. Translation and Adaption of the SCSI Assessment

The course described in this paper is taught in German and
does not require any knowledge of English. Thus, we cannot
expect students to be fluent in English. We therefore decided
to translate the SCS1 Assessment to German.

The original English version of the test was translated into
German by the first author of this paper, who is a native
German speaker. This German version was then translated
back into English by a bilingual student. Then, the original
English version and the re-translated version were compared.
Each difference between the two documents was discussed
and, where necessary, changes were made to the German
translation to better reflect the English original.

Finally, the German translation and the original English
version of the test were given to two students. Their task
was to check the source code in the test for any missing
words or inconsistencies that occurred during the translation
and to check for any typing errors or unspecific language in
the German version.

We suspected that many students who took the test had no
prior contact with computer science or programming. For these
students, most questions in the test would not be intelligible,
because of the frequent use of subject specific language.
Additionally, students were only given 55 minutes to complete
the test. Even for experts, this is very demanding. We wanted
to differentiate questions that students read but could not
answer from questions that students did not read, e. g. because
they did not have enough time. To achieve this, we added a
sixth answering option to each question, phrased “I am not
sure”. While this change may affect the test results, it was in
our opinion necessary. Students were instructed to select the
answer “I am not sure” if they had read a question, but would
have had to guess the correct answer.

C. Administration of the Pre- and Post-Test

As part of Step 1 of the re-design process, student learning
in the un-changed course was measured using pre- and post-
tests. The SCS1 was given as a pre-test during an orientation
course, one day before the lectures of the semester started.
While this orientation course was not mandatory, virtually all
first semester students attended. The test was not mandatory.
Although students did not receive credit for the test, they all
showed genuine effort.

During the last lecture, but before the last laboratory, the
SCS1 was administered as a post-test. Again, the test was not
mandatory and students did not receive any credit for the test.
Again, all students did participate and showed genuine effort.

3Please contact scslassessment@gmail . com for access to the SCS1
Assessment.
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Fig. 1. Distribution of pre- and post-test scores for all students that

participated in any of the tests in Step 1. Blue bars are used for the pre-
test and red bars for the post-test. Dark areas are caused by an overlap of
both bars.
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Fig. 2. Distribution of the percentage of questions answered with “I am not
sure” in the pre- and post-test in Step 1. Blue bars are used for the pre-test
and red bars for the post-test. Dark areas are caused by an overlap of both
bars.
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Fig. 3. Comparison of pre- and post-test scores for all students that attended
both tests in Step 1. N=78

Self-generated identification codes were used to match pre-
and post-tests by the same student. [16]

D. Test Results

In all, 124 students participated in the pre- and 110 students
participated in the post-test. Based on the self-generated iden-
tification codes, 78 students participated in both tests. As can
be seen in Fig. 1 the pre-test scores were very low, showing a
clear bottom-effect. The highest pre-test score was 33 % and
the vast majority of students received 0 or 1 point, resulting in
a mean score of 4 %. While many students stated after the test
that they were unable to interpret the questions, the number
of times students selected the answer “I am not sure” (shown
in Fig. 2) is less strongly skewed than the overall score. This
indicates that many students thought they could at least answer
some of the questions, but did not know the correct answer.

The average score in the post-test was 22 %. As can be
seen in the histogram in Fig. 1, the scores are almost normally
distributed. The number of times students selected the option
“I am not sure” has also decreased significantly (see Fig. 2).

As can be seen in Fig. 3, only 5 students had a lower score
in the post-test than in the pre-test. However, many students
only gained a few points in the post-test. Consequently, the
average learning gain reached by students is 15.0 %. Compared
to the average learning gain of 23 % measured by Hake for
traditionally taught courses, this value is quite low. However, it
is not clear if learning gains measured in completely different
subjects with different tests can be compared. [12]

V. SUMMARY

This paper described the re-design of an introductory pro-
gramming course. Pre- and post-tests showed that the average
learning gain in the traditionally taught course was quite low.
These results align with reports from literature. A detailed
description of the planed re-design of the course into a blended
learning course was given. In the future, pre- and post-tests
will be used to measure the learning gain of this re-designed
course. These data can then be compared to the ones presented
in this paper, allowing for an objective evaluation of the re-
design.
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