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Abstract—Teaching a statistics course for undergraduate computer science
students can be very challenging: As statistics teachers we are usually faced
with problems ranging from a complete disinterest in the subject to lack of basic
knowledge in mathematics and anxiety for failing the exam, since statistics has
the reputation of having high failure rates. In our case, we additionally struggle
with difficulties in the timing of the lectures as well as often occurring absence
of the students due to spare-time jobs or a long traveling time to the university.
This paper reveals how these issues can be addressed by the introduction of a
blended learning module in statistics. In the following, we describe an e-
learning development process used to implement time- and location-
independent learning in statistics. The study focuses on a six-step-approach for
developing the blended learning module. In addition, the teaching framework
for the blended module is presented, including suggestions for increasing the in-
terest in learning the course. Furthermore, the first experimental in-class usage,
including evaluation of the students’ expectations, has been completed and the
outcome is discussed.

Keywords—blended learning; e-learning development process; statistics; les-
sons learned

1 Introduction

In the time era of data science, big amounts of data are collected and stored in
immense databases, with the intention to be analyzed statistically. The demand of
people with a profound knowledge in statistics is already now very large and rapidly
increasing [1], [2], [3]. On the other hand, statistics as a university course for non-
statistics students is usually not popular and often regarded just as something which
“must be passed”. Statistics is a module in many quite different study programs at
Frankfurt University of Applied Sciences (Fra-UAS): among others Industrial Engi-
neering (B. Sc.), Social Work (B. Sc.), Business Information Systems (B. Sc.), Busi-
ness Administration (B. Sc.), Computer Science (B. Sc.), High Integrity Systems (M.
Sc.), etc.

Many empirical studies compare traditional face-to-face teaching with e-learning
approaches, both concerning performance and students’ attitudes towards the teaching
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framework. However, the studies arrive at different conclusions. Evaluations of the
performance show a range from worse achievements for students in online courses [4]
through comparable results [5], [6], [7], [8], [9], [10], [11], [12] to significant better
outcomes in the online teaching [13], [14]. The same holds for studies measuring the
attitudes towards online teaching compared to traditional teaching. Also in this area
we can find a range from negative attitudes towards online courses compared to tradi-
tional teaching [6], [8], [10] through similar satisfaction [12], [15] to more positive
attitudes [16], [17], [18]. Despite this indeterminate picture, we decided to develop a
blended learning module in statistics, since such a course addresses issues occurring
in our teaching situation at FRA-UAS. The development of the blended learning
module in statistics was realized as a part of the project MainCareer, supported by the
initiative “Upward Mobility through Academic Training” at the German Federal Min-
istry of Education and Research [19].

2 Current Situation at FRA-UAS for Teaching Statistics

Teaching statistics for non-statistics students at a German University of Applied
Sciences, we face different problematic issues, sometimes making the teaching a real
challenge.

2.1 Reputation of Having High Failure Rate

Statistics courses are reputed with having high failure rates, i. e. the students are
often scared of taking this kind of classes. For example, the statistics course for the
program Computer Science is scheduled to be taken in the fourth semester. But the
students have the possibility to take most exams in an arbitrary order. This means that
many students, since they are afraid of the statistics course, choose to take this course
much later than advised. The time schedule is very dense for the students and usually
there is no possibility to make the lecture timing in statistics fit with the time schedule
of the higher semesters. As a result, we noticed that when the students take the statis-
tics course at a later time point, due to the scheduling, they cannot attend all lectures
of the course.

2.2 Lack of Prior Knowledge in Mathematics

Without the knowledge of basic mathematics, it is difficult to learn statistics [20],
[21], [22], [23]. The level of knowledge in mathematics, which the students bring
from high school, is decreasing, i. e. we would need more time to repeat basic math-
ematics before we start the teaching of statistics itself. Unfortunately, there is no time
to update a large amount of high school mathematics at the university.
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2.3 Lack of Motivation

The students don’t realize the use of the contents of statistics module in their later
profession and therefore are not motivated to take it. The lecture time is limited and
much time is wasted due to the lack of appropriate mathematics knowledge among the
students. It is therefore difficult to find time in the lecture to arrive at real-world prob-
lems, which is expected to motivate the students.

2.4 No Hands-On with Real Data, Lack of Knowledge in Handling Statistical
Software

Usually the students don’t have any prior knowledge in using statistical analysis
software when the course starts. The curriculum for engineering students is too tight
to allow an introduction to statistical software to take place within the statistics
course. On the other hand, hands-on experience in analyzing real-world data is an
essential component when dealing with statistical problems [24], i. e. the absence of
this component is actually a deficit of the statistics course.

2.5 General Problems

In addition to these problems, identified especially for the statistics lecture, we also
face some common problems in teaching: time collisions, traveling time to the univer-
sity, lectures in English without sufficient English knowledge.

3 Introducing Time- and Location-Independent Teaching in
Statistics

The intention of the blended learning module in statistics is to provide the students
with additional support in statistics, not to replace the conventional statistics course.
Blended learning is an already well-known teaching method [25], [26]. In the Com-
puter Science program, three groups are usually taught parallel in statistics. The stu-
dents may choose the most suitable group, according to the time schedule, which
depends on the other subjects they take. To introduce the blended learning course in
statistics, one of the ordinary groups was replaced by the blended learning course. In
this way, the students still have the possibility to choose if they want to join one of the
two conventional statistics groups or if they join the blended learning course. In fact,
the students also have the possibility to join both the conventional and the blended
learning course. Already at the beginning, it was clearly announced that the exam
would be identical for all students taking statistics, independent of teaching method.
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4 E-Learning Development Process

The blended learning module in statistics consists of two main parts: A theoretical
part and a practical part. The content of the theoretical part covers the theoretical
background in basic statistics (descriptive statistics, basic probability calculations,
statistical inference with confidence intervals and hypothesis testing for one sample)
including problems to be solved only in a theoretical way (like derivations of formu-
las or solving tasks with a pocket calculator).

The second part contains online materials giving an introduction to the statistics
software R as well as hands-on exercises based on real data. The course development
process has taken place in two phases, partitioned into six steps. In the first phase, the
theoretical part of the course has been developed. In the second phase, the practical
part of the course has been developed.

After the development of a part, a test run is done during one semester with feed-
back from the students. Depending on the outcome of the feedback, adjustments of
the course materials take place, in order to improve the achievements.

The statistics course is taught annually in the winter term for the Computer Science
study program. The development of the theoretical part took place during the summer
term 2015. The testing and evaluation took place during the following winter semes-
ter. Currently, we are in step 5 of the second phase.

Fig. 1. The two development phases.

. !

Fig. 2. The six steps within the two development phases.
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5 Teaching Framework for the Statistics Module

The blended learning module Statistics for the study course Computer Science is
taught during 15 weeks and is thus divided into 14 learning units with the last week
reserved for recapitulation. Each learning unit starts with the definition of the objec-
tives of the unit. The blended learning course has been implemented in the e-learning
platform Moodle [27]. This platform has been chosen because this is the standard e-
learning system at FRA-UAS, and also because it supports the implementation of
mathematical formulas in LaTeX-notation.

5.1 Contents of the Module
The module consists of following components:

* Online Lecture Notes. The extensive lecture notes contain the complete theory
covered in the course as well as examples with detailed solutions.

* Time Table and Objectives. A detailed timetable with learning objectives for
each unit is provided.

* Screencasts of the Lecture Slides. To each learning unit, a set of lecture slides has
been created. A separate screencast has been produced for each of the lecture
slides. This means that the students can either play all screencasts as a long movie
or select some especially difficult screencasts and recapitulate only these ones.

* Exercises. Totally, 158 exercises with different difficulty levels have been con-
structed. Three links belong to each exercise: the answer link, the hint link and the
solution link. The answer link tells only the final result of the exercise without the
solution, whereas the hint link gives a hint to where in the lecture notes help con-
cerning the topic of the exercise can be found. This link should encourage the stu-
dents to continue if they get stuck, without having to look at the complete solution
at once. Finally, the solution link contains the complete solution to the exercise. In
Fig. 3, an example of an exercise with the three different links is shown. For each
of the exercises, screencasts telling the whole solution and the idea behind have
been constructed.

To help the students choose in which order they should solve the exercises, a traf-
fic light system has been introduced: The red flagged exercises are basic exercises to
start with, the yellow exercises are on an intermediate level and, finally, the green
flagged exercises are exam-level compatible.

Online Quiz Questions with Automatic Correction. Integrated in the Moodle
environment, 140 online questions help the students to confirm that the study objec-
tives of each learning unit have been reached. To each of the learning units, 10 quiz
questions have been constructed. In Fig. 4, an example of a typical online question is
shown.

In Fig. 5, we see an example of the solution to an online task and observe that
mathematical formulas are possible to use, since the LaTeX-notation is available in
Moodle.
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Exercise 1.4: Coins

On a table, there are some coins, having different currencies. For the
coins, mention

a. a qualitative variable,
b. an ordinal variable,
¢. a quantitative, discrete variable,

d. a quantitative, continuous variable.

Hints 1.4 Answer 1.4 Solution 1.4

Fig. 3. Example of an exercise question with the links to the hints, the answer and the complete
solution.

Question 1:

10 observations from a normal distribution have the sample mean 10.1
and the sample variance 0.9.

Determine a 90% confidence interval for the mean.

Select one:

a. [5.876, 9.888]
b. [1.234, 8.987]
c. [8.789, 10.987]
d. [9.551, 10.649]
e. [3.876, 9.876]

Fig. 4. Example of an online quiz question.

Tt =10.1+1.83.402
=10.141.83.0.3=[9.551,10.649]

Fig. 5. Example of the solution to an online quiz task.

The 10 quiz questions, belonging to one learning unit, are organized in two sec-
tions with five questions in each section. The students are encouraged to test their
immediately gained knowledge after having finished the learning unit by solving the
first five quiz questions. The other five quiz questions are recommended to solve later
as a recapitulation or even as exam preparation.
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Test Exams. Furthermore, online mock exams, consisting of questions from earlier
exams, are offered. These are the only materials, which are not available at course
start, but appear online a few weeks before the exam will take place. This is done to
reduce the risk that the students should try just to learn by looking at old exam prob-
lems.

Tutorial for the Statistics Software R. Even if statistics is a discipline where the
application to real data plays a crucial role, the conventional statistics course does not
contain any parts using statistical software. The reason for this is, unfortunately, lack
of time for covering this important aspect in the conventional course. In the blended
learning statistics course, the students are encouraged to start learning how to use the
statistical software R to small, real problems. The R software [28] has been chosen,
because it is free software and also possible to use with different operating systems
(Windows, Linux, Mac). The R part of the blended learning course is optional, since
this part doesn’t exist in the conventional statistics course and according to the exam-
ination rules at Fra-UAS, the exam contents must be exactly the same for both cours-
es.

5.2 Tuition of the Course
The tuition of the course is organized in the following way:

¢ Self-Study of the Course Materials. This is the main study method of the course.
The students are encouraged to work independently with the provided course mate-
rials. As a help for an enriching communication among the students, which is im-
portant for the progress of the self-study, can a discussion forum in Moodle be
used.

* Weekly Web Conferences Using the Adobe Connect System. The weekly web
conferences are used to summarize important contents of the learning units, leaving
time for questions and discussion. This means that the web conferences don’t in-
tend to be whole lectures of the total content of the module. This is already covered
in the screencasts of the lecture slides.

* Two Optional Assignments with Deadlines. The students are twice offered to
submit solutions to problems, which then are corrected by the responsible teacher.
Even if the assignments are completely optional, they have deadlines in order to
encourage the students to study continuously during the semester, not only in the
end.

* Three Half-Day Workshops. To give the students the opportunity to discuss their
open questions face-to-face with the responsible teacher, three optional half-day
workshops are organized. The workshops take place during the weekend in order
to avoid collisions with the regular time schedule of other courses.
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6 Evaluation at Course Start

At course start, we asked the students to complete a survey about their reasons for
taking the blended learning course in statistics. Especially, we wanted to compare the
students’ thoughts about their advantages of e-learning with the problems we ex-
pected to address by using the blended learning course.

In Fig. 6. we can see that most students estimate that they will have a personal ad-
vantage concerning time and location independence when taking the blended learning
course in statistics. This is conforming with our expectations that the blended learning
course would address some general problems occurring by the face-to-face courses,
such as time collisions and that students not attend lectures due to a long traveling
distance to the university. Furthermore, we see that also the possibility to apply an
individual learning pace is considered to be an advantage by many students. This
corresponds to our intention to use the blended learning course to facilitate the course
for students with different backgrounds, especially for those with a low prior
knowledge in mathematics.

In Fig. 7, we see that three factors have been selected most often by the students as
the factors, which are most important for their personal learning process: Interest in
topics, the professor and the media usage. Concerning the blended learning course in
statistics, we have good opportunities to influence the outcome of the factor media
usage, since a lot of different techniques are available in this course. To increase the
interest in the topic statistics, coincides with our objective to use the course materials
in such a way that the students can overcome their lack of motivation to take the
course.

Which personal advantages do you assume in the use of e-learning?

40 —

30

Absolute frequency
n
o
|

[
N

Time independence
Higher interactivity
Individual learning pace
Location independence

Faster communications with students
Higher degree of media usage

Better recapitulation possibilities
Faster communication with professors
Variation of teaching/learning methods

Fig. 6. Evaluation of the advantages the students estimate they will have by using the blended
learning course in statistics.
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Which factors are most important

for your personal learning success?
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Professor
Learning group
Individual support
Media usage
Different methods
Interest in topics

Interchange with others

Fig. 7. Evaluation of the factors, which, according to the students, are most important for their
personal learning process.

7 Experiences from Experimental In-Class Usage

From the first experimental in-class usage, we could see that the problems arising
in the conventional teaching of statistics for engineering students at FRA-UAS could
be addressed by the application of the e-learning module in the following way:

7.1  Addressing the Reputation of Having High Failure Rate

The problem with a high proportion of students taking the course at a later time
point than planned in the curriculum, because they are afraid of failing, is decreasing,
since the introduction of time- and location-independent teaching reduces the number
of lecture collisions for later-taking students, i. e. they have now better possibilities to
complete the whole course without large knowledge gaps.

7.2 Addressing Lack of Sufficient Prior Knowledge in Mathematics

The problem with the low level of knowledge in mathematics could be approached
with extra online teaching materials, covering basic concepts. The use of these mate-
rials is, of course, optional, since the mathematics knowledge among the students is
heterogeneous.
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7.3  Addressing Lack of Motivation

To increase the interest in taking the course, real-world problems were integrated
in the course materials. The objective was here to provide the students with such
problems that they could experience in daily life, both currently and later as engineer-
ing professionals. Such kind of problems need time to be described and processed and
are therefore not possible to include in the tight schedule of the conventional statistics
course.

7.4  Addressing No Hands-On with Real Data, Lack of Knowledge of Handling
of Statistical Software

Due to the relaxed time constraints in the online course, teaching materials thor-
oughly covering the statistical software R are provided. This gives an immediate pos-
sibility to let the students explore real-data sets, which makes the understanding for
statistical methods deeper.

7.5  Addressing General Problems

By the introduction of time- and location-independent teaching, the scheduling
problems with colliding lecture times as well as the absence of the students due to a
long traveling time to the university could be avoided to the greatest possible extent.

8 Conclusions and Future Work

In this paper, we have presented the development of a blended learning module in
statistics for undergraduate engineering students. The module has been developed in
two phases, the theoretical and the practical. Each phase consisted of three steps:
Development, testing including evaluation and adjustments according to the results of
the testing and evaluation.

We conclude that a lot of the problems frequently occurring in teaching statistics in
a traditional way to non-statistical students at FRA-UAS could be addressed by the
blended learning module in statistics, such as time collisions, a long traveling time to
the university, lack of sufficient prior knowledge in mathematics, lack of interest due
to less time to treat real-world examples in the traditional statistics course, lack of
hands-on experience with statistical software, etc.

Future work would be to assess the learning success among the students taking the
blended learning course and compare these results to those of the students taught in a
traditional way. This has not been done so far, since the traditional statistics course
and the blended learning course have until now been taught by different lecturers,
which would make direct comparisons difficult. Another factor, which should be
taken into account in the comparison, is the allowed mixing of the two course struc-
tures, i. e. that a lot of students partially take the blended learning course as well as
partially the traditional statistics course.
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