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Abstract. Educational technology and learning environments are becoming more and more com-
mon in all levels of education. Still, the main focus in research seems to be on which tools to use
rather than how to effectively use them. In this paper, we first discuss the aspects that should be
considered when adapting an exercise-based learning environment into curriculum. Based on our
earlier research on the topic, we present three rules for adapting the tools. Next, a six-year study
on using a learning environment in two courses is presented. Throughout the six course instances,
the adaptation and integration of the tool is gradually altered. The results seem to confirm the
positive effect of changes made in adaptation. When the three rules presented earlier are revisited
in correlation with the results obtained, we can state that following the rules of adaptation lead to
better student performance.
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1. Introduction

According to multinational study by McCracken et al. (2001), programming is one the
most difficult skills to acquire. There are various educational tools developed to aid the
process, but comprehensive research about their pedagogical usage is still quite rare.
Any tool or system, no matter how proficient, can only produce real educational value if
adapted and utilized properly. In this article, we consider various factors that may have
an effect on the efficiency of the tool usage: tool introduction, student engagement, mo-
tivation and reward. Based on our earlier research, most of these factors have a consider-
able effect on learning results. Hence, it seems that in addition to considering which tool
to use, it’s equally important to consider how to use it.

In this article, we present three rules for adapting a learning environment, based on
our earlier experiments. Though named rules, they are actually ideas to consider when
designing course structure and educational technology adaptation. We also present a
comprehensive 6-year study, where a learning environment was used in two courses
throughout six years. In latter instances, new exercise types were introduced to try to
improve motivation. Some other changes in the tool and the usage were also introduced
throughout the years. The holistic idea has been to gradually improve the tool adapta-
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tion to find out how the learning effects and motivation can be maximized. The student
performance and grades are presented to find out whether the changes had effect in
particular years.

2. Literature Review

There are various learning environments developed over the years. Crescenzi and No-
centini (2007) present a two year experiment of adapting an algorithm visualization tool
into a programming course. The student feedback was mainly positive, but they don’t
report any changes in student performance. Laakso et al. (2005) adapted an algorithm
visualization tool called TRAKLA 2 into two courses at separate universities at Finland.
They found out that the pass rate increased significantly, and the student feedback was
mainly positive. Still, the same group (Laakso et al, 2009) found out later that using
the same tool in collaboration with another student has an even higher positive effect
on learning. Hence, anyone adapting a tool should be encouraged to find out further
whether the positive effects can be enforced.

Educational technology can of course be used in all kinds of courses. De Lange et al.
(2002) surveyed students’ opinions on adaptation of WebCT on accounting course, and
found out that their satisfaction with environment is tightly associated with lecture notes,
forum, on-line assessment and other tools in that environment. Paechter et al. (2010)
suggest that the key factor in affecting students’ motivation is making the learning ob-
jects transparent and providing possibility for self-assessment. Self-assessment should
hence have a major role in any exercise-based learning environment. Students’ attitudes
should have a considerable effect on adaptation: Saunders and Klemming (2003) report-
ed a two-year experiment where they integrated technology into traditional learning en-
vironment, and found out that though the students found the module harder to complete
than others, their performance was actually better. The cognitive load for adapting new
tools (see for example Chandler and Sweller, 1996) is an issue that should be considered
when designing technology enhanced curriculums.

Liaw et al. (2007) also surveyed the attitudes of students and educators towards
e-learning, and found out that the instructors’ attitudes are highly positive. The analysis
on students’ attitudes revealed, that an effective learning environment is influenced by
learner autonomy and teacher help, among other things. Hence, it is important to remem-
ber that educational technology is not something that can be added into curriculum and
then forgotten. Lockyer and Patterson (2008) in fact state, that “the lecturers may have
to play a considerable technical support role in helping students who are new to such
technologies”.

There are other studies that emphasize the instructors’ satisfaction in educational
technology. For example, Zuvic-Butorac et al. (2010) present a huge effort of imple-
menting an e-learning environment of more than 400 courses and 15,000 students in
Croatia. The teachers’ attitudes were surveyed and found out to be highly positive to-
wards the technology. Still, as O’Neill et al. (2004) state in their literature review about
eLearning implementation, if new technology is to be integrated into learning properly,
comprehensive training and support for instructors should be provided.
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3. How to Adapt an Exercise Based Learning Environment
3.1. Selecting a Suitable Environment

The first step in adaptation is selecting a proper environment. There are various issues
that should be considered when selecting the tool. First — and probably the most impor-
tant issue — is that the selected tool should provide adequate benefits for both the teacher
and the student. As discussed earlier, the most obvious benefit for teacher is the time
saved in assessing exercises and assignments. However, to gain any real benefit in time
saving, the environment either needs to come with an existing set of usable exercises
or the time cost of preparing the exercises needs to be tolerable. As stated in Naps ef al.
(2001), the lack of time is the most important reason for teachers not using visualization
tools; the same can probably be applied to any learning environment.

From the student’s point of view, the most obvious benefits come from automatic
assessment and immediate feedback. The ability to do the exercises any place and any
time, and still get supportive feedback, is something that is hardly possible with tradi-
tional methods. Improved learning results (Kaila et al., 2009A) are also a significant
benefit both for the student and the teacher. Evaluating the learning effects outside con-
trolled studies might be difficult as there are various factors influencing the learning
outcome. Still, as shown in Kaila ef al. (2010), and furthermore in the later sections of
this paper, it is possible to significantly improve the results in CS course if a learning
environment is introduced and used properly.

There are also some technical issues that need to be considered when selecting an
environment. First, there is the initial cost of tool utilization and management. Though
most of the common learning environments can be adapted free-of-charge, there might
be hidden costs, such as upgrading server equipment and training the users. If the tool is
hosted externally, these costs can however be kept in minimum. Moreover, the technical
requirements for using the tool should be evaluated beforehand. Some exercises may
need plugins — such as Java or Flash — installed into browser before working properly.
In some physical environments installing additional components may be difficult or im-
possible.

3.2. Three Rules for Adaptation

In this section, we present three rules that should be taken into account when adapting
a learning environment into a course. The rules are based on our earlier results on the
topic, and are revisited when the results of this research are discussed.

3.2.1. Rule 1: Introduce and Integrate

The first rule is that the tool should be properly introduced and integrated into course. We
have previously studied the effects of cognitive load on students when using a visualiza-
tion tool (Laakso ef al., 2008). In the study, the students who went through a compre-
hensive tutorial about using the tool statistically significantly outperformed the control
group. Hence, we suggest, that a separate introductory session should be arranged before
the tool is adapted into actual learning. The introduction should be made from two points
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of view: technical and pedagogical. The technical introduction contains issues such as
logging in and user interface. The pedagogical introduction should address issues such
as the order and schedule of the exercises taken, using additional materials to assist
learning, and the role of exercises as a part of comprehensive learning experience.

This leads as to the second part of this rule: we suggest that the learning environ-
ment should be properly integrated into the course. This means that the exercises in the
environment should substitute and supplement the existing materials, where relevant. In
practice, this may mean that the course needs to be partially redesigned. In Laakso et
al. (2014) we presented a programming course reform, where half of the lectures were
replaced with interactive tutorials that emphasized active and collaborative learning.
The results were remarkable, as the dropout rate decreased and the grades improved sta-
tistically significantly after the change. Moreover, the students seemed to find the active
approach more motivating and enjoyable.

3.2.2. Rule 2: Engage the Students

Naps et al. (2002) presented a hypothesis of engagement taxonomy, where they divided
the usage of visualization tool into passive (no-viewing and viewing) and active (re-
sponding, changing, modifying and presenting). They suggested that using a visualiza-
tion tool may only produce considerable learning if the tool is used in active levels. We
later confirmed the hypothesis in Kaila et al. (2009B). We suggest that the results gained
from using a visualization tool can be generalized to any types of exercises: if the stu-
dents are engaged into active learning process, the results are better. Moreover, collabo-
ration can be used to deepen the level of engagement. In Rajala et al. (2009) we found
out, that if exercises are done in collaboration with another student, the learning results
can be significantly improved. In Laakso et al. (2014) we presented a programming
course reform (see previous Section), where collaboration was brought to classroom
exercise sessions by introducing a collaborative mode in learning platform.

3.2.3. Rule 3: Make it Mandatory, but Reward the Students

As a third rule, we suggest that the usage of the tool should be made mandatory, but the
students should still be rewarded from doing the exercises in the environment. A typical
approach is to set minimum limits that need to be reached, and reward the students from
exceeding that limit. The reward can be divided into two categories: an internal reward is
something gained within the tool. Typically points are awarded when a student success-
fully completes an exercise or assignment. An external reward is something the students
gain outside the learning environment. For example, the students may be awarded with
grade improvement, bonus points for exam, or other forms of compensation from com-
pleting the exercises in the environment.

In Laakso et al. (2014) we present a case where students were required to complete at
least five out of seven tutorials during the programming course. However, no minimum
score limit was set. The students however completed a remarkable amount, 91% of all
points on average, though reaching this amount meant doing extra work outside tutorial
sessions. The students could pass the course without a final exam by completing at least
90% of all points awarded from all course components (including lectures, tutorials and
course assignments). Still, of all students that reached the 90% level, only a handful
skipped the final exam.
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4. VILLE

4.1. Background

ViLLE is a learning environment, developed at the University of Turku, Finland. It start-
ed out as a program visualization tool in 2004, and later expanded into comprehensive
collaborative exercise and course management environment. From the beginning, ViLLE
has been developed based on the research done. All major features have been tested with
controlled experiments, and only the useful ones have been included in the published
version. For example, the engagement taxonomy hypothesis (Naps et al., 2002) lead into
developing interactive questions into then-passive visualization tool, and the good expe-
riences on collaborative use (Rajala ef al., 2009) encouraged us to develop collaborative
mode that enabled two or more students working at the tasks together.

Since the earlier version was used in the first course presented in this paper, both ver-
sions are introduced separately.

4.2. The Early Version of VILLE — The Visual Learning Tool

The first version of VIiLLE is a program visualization tool (see Fig. 1) that can be used
to display the execution of programs one row at a time. The execution is visualized with
various components: the current and previous rows are highlighted, the variable states
are displayed in their own area, and each subprogram with its local variables is displayed

File Fdit View Seftings

Animation controls Call stack | Variable states

e fafr|» m[BE[E]

Execution speed Programming language

bl reverse(h)

Java

int 3 = x.length - 1
int twp - 0;
for (imt i-0; 1< 33 i+
oy = x[1]:
x[1] = x[3]:
x[3] = tmp;

| Reverse table cell order
public static void main(String[] args)(
int[] b = {1,2,3,4,56}:

1
2
3 reverse (b):
4 for (imt i=0; i<b.length; i+ {
5 Systen.out.println(b[i]);
6
7
8

il Localvariables
int(] x = $001
int 3 =5

int tmp = 1
int i= 0

}

i

public static void reversefint[] x){
9 int j = x.length - 1;
10 int tp = 0
11 for (int 1=0; i < 33 i+H)(
12 twp = x[1];
13 ®[1] = ®[31:
14 ®[3] = tup:
15 3--:

Program line explanation Program output

Array ¥ cell 0 value changed to 6

Fig. 1. VILLE version 1: the student view displaying visualization exercise.
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in a single frame in call stack and so on. Moreover, ViLLE displays a verbal explanation
about the currently executed line. The tool supports a variety of imperative program-
ming languages — including for example Java, Python and C++ — and automatically
translates the programs written in Java to other supported languages. Students can view
the execution in parallel view, which displays the executed program in two selectable
languages at the same time.

To enhance active learning, the example programs can be accompanied with multiple
choice questions or graphical array questions. The questions are inserted into desired
steps in program. When a question is encountered the program execution halts until
student gives an answer. VILLE version 1 was deployed as a Java applet or Java applica-
tion, but it could be connected to a TRAKLA II server (Malmi et al. 2004). In this case
the server tracks student logins and all achieved points in different exercises. A complete
description of the tool can be found in Rajala et al. (2007) and in Kaila ef al. (2009A).

4.3. VIiLLE Now — a Collaborative Learning Environment

As 0f 2009, VILLE was expanded into an exercise-based collaborative learning environ-
ment. New client-server architecture was designed, with a focus on teachers’ collabora-
tion and with a support for various exercise types. In ViLLE version 2 (see Fig. 2), the
teachers can use the built-in editors to create and edit virtual courses and assignments.
Moreover, all content set as public can be browsed, utilized and modified by all other
teachers registered in VILLE. New exercise types for various topics were created. For
programming, coding exercises, code sorting exercises and simulation exercises were
designed among many others. Moreover, exercise types for mathematics, language
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Fig. 2. Coding exercise in current version of ViLLE.
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teaching and various other topics have been developed over the past few years. A com-
prehensive list about ViLLE exercise types can be found in Appendix A.

Since the new version introduced a dedicated ViLLE server, there was no more need
to utilize the TRAKLA 1II server. ViLLE automatically collects a vast amount of data on
student performance, including for example all achieved scores and time used to com-
plete the exercises. Additional exercise specific data is also collected: for example, in
visualization exercises ViILLE automatically saves all control usage data, including time
stamps, when the student does the exercise. All data gathered can be viewed in VILLE’s
statistical view by course’s teachers.

The new version also supports collaborative learning where more than one student
can join the same session. Besides exercises, there are various other tasks that can be
used in courses: if accompanied with RFID readers, ViLLE can be used to easily record
course attendances and demonstrations. It also supports study journals and course as-
signments, to name a few. All exercises, whether they are automatically assessed or not,
can be used in electronic exams. It also has an editor for building tutorials that combine
exercises with other materials, and a research project management system for research
collaboration.

The complete description of the tool can be found in Laakso et al. (2014).

5. Methodology

5.1. Overview

The research was carried between years 2007 and 2012. The data was collected from two
separate courses: in the first course — observed in three instances between 2007 and 2009
— the version 1 of VILLE was used, while in the second course — with three instances
between 2010 and 2012 — the newer version 2 was utilized. The usage of tool varied in
different instances of the course: the tool was adapted more thoroughly year by year. A
gradual increase in the usage was justified by excellent results and feedback gathered
from teachers and students.

5.2. Course Instances

The first course observed (from now on Course 1) was called an Introduction to Infor-
mation Technology. The goal of the course is to teach computer science fundamentals
as well as introductory programming concepts to CS majors at University of Turku. The
course is somewhat typical introductory course in computer science, containing basic
principles of algorithms and data structures, accompanied with programming fundamen-
tals in Python. Three instances of the course were researched: in 2007, ViLLE was intro-
duced to the course. The usage of the tool was not mandatory; instead, a link to exercises
was provided in course web page. In two consecutive instances, 2008 and 2009, ViLLE
was made a mandatory part of the course: if the students did not complete at least 40% of
all ViLLE exercises, they failed the course. All course instances were taught by the same
teacher, and no other significant chances between instances were made.
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The second course observed (from now on Course 2) is called an Introduction to Pro-
gramming. It is a mandatory course in Bioinformatics program at University of Turku,
and aims at teaching basic programming concepts in Python. The course hence contains
essential topics in imperative programming, such as variables, loops and functions, as
well as some Python specific topics, but does not include object oriented programming.
Three instances of Course 2 were also observed: at 2010 VILLE was included — as man-
datory component, but with visualization exercises only. In two latter instances various
other exercise types were introduced as well. In the latest instance (2012) ViLLE was
also used to keep track on lecture attendances and demonstration scores, with bonus
awarded for good performance on these components. Moreover, in the last instance,
ViLLE was also used as a platform for course final exam. As was the case with Course
1, all instances were taught by the same teacher, and no other substantial chances were
made in course through these instances.

The usage of VILLE throughout the course instances is displayed at Table 1.

5.3. Exercises

In Course 1, VILLE was first introduced as an optional supplement. At two later instanc-
es the usage of the tool was made mandatory. A total of 60 exercises were divided into
seven categories: variables and conditions, strings, loops, sub programs, arrays, recur-
sion and sorting algorithms. Each exercise consisted of visualized program code and 5
to 10 questions. Each exercise was scored in scale of 0 to 10 based on the correctness of
answers. All exercise rounds were open from the beginning of the course, and references
to suitable exercises were made on other course materials.

In Course 2, VILLE was mandatory in all three instances. At the first instance only
visualization exercises were used — the exercise collection was roughly equivalent to
the collection used in Course 1 with minor modifications. At the two latter instances
other exercise types were introduced. The course was hence divided into eight exercise
rounds, based on the topics in course: the first round was an introduction to ViLLE, and
the latter rounds about variables and data types, strings, selection, loops, functions, lists
and tuples, followed with a round of additional exercises. Each round consisted of five
different types of exercises:

Table 1

Usage of VILLE at course instances

Year Course VILLE exercises Mandatory
2007 Course 1 Visualization No
2008 Course 1 Visualization Yes
2009 Course 1 Visualization Yes
2010 Course 2  Visualization Yes
2011 Course 2 Various Yes
2012 Course 2 Various, including other performance  Yes

and course exam
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Visualization exercises: these were similar to exercises used in Course 1 and in
the first instance of Course 2. A handful of existing visualization exercises were
selected, of which some were slightly modified to suit the topics better.

e Code sorting exercises: exercises where code lines were shuffled into random
order, and the student needed to sort them into correct order according to given
task.

® Puzzle exercises: an exercise, where the student needs to combine for example
variable types and value ranges or string operations and results.

e Coding exercises: an exercise where the student needs to write a program — or a
missing part of the program — in Python to fulfil given task. The program written
in ViLLE can be instantly translated and executed.

® Quizzes: ten multiple choice and open questions about the topic at hand.

In Course 2 the exercises were integrated into course curriculum more tightly. Each
round of exercises was opened after the lecture about corresponding topic was given.
The exercises were designed to cover all aspects of the topic at hand as thoroughly as
possible. After opening, all rounds were open until the final exam.

5.4. Method

Since the research contains two different courses, only instances of the same course are
compared. From each course instance, final grades were obtained. The experiment is a
between-subject design with final exam results a dependent variable. VILLE usage was
the only significant between-subject factor (independent variable), since no other signifi-
cant changes in courses during the observed period were made: the instances were taught
by the same teacher, and there were no substantial changes in other course components
or materials. Since Course 2 used the most recent version of ViLLE, we also had access
to comprehensive exercise data on those instances; hence, statistics about ViLLE usage
in Course 2 are also discussed.

6. Results

6.1. Course 1

All instances of Course 1 were graded on scale of one to five, five being the best. If the
student did not pass the course, no grade was given. The final grade distribution in all
course instances is displayed in Table 2 and visualized in Fig. 3.

As seen on Table 2, the pass rate and the average grade improved at latter instances,
when the exercises were made mandatory. The grade distribution is visualized in Fig. 3.

As seen on Fig. 3, the amount of lesser grades (1, 2 and 3) is clearly smaller at the lat-
ter instances of the course, compared to first year when VILLE exercises where optional.
To confirm this, a chi test between course grade distributions was used to calculate the
independence between all instances, using the formula
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where C1 and C2 are the course instances compared. The results are displayed at Table 3.
As seen on Table 3, the grade distribution at first instance is independent, while latter
instances seem to follow the same pattern more tightly.

Table 2

Grade distribution in Course 1 instances

2007 (N=131) 2008 (N=134) 2009 (N=181)

5 34 40 46

4 17 19 27

3 9 20 33

2 21 16 25

1 25 15 23

Fail 25 24 27
Total passed 106 110 154

% of all passed 80.92 % 82.09 % 85.08 %
Grade mean 3.13 3.48 331

100%

90%

80%

70%

60% w4

50% N3

40% m2

30% w1

20% M Fail

10%

0%
2007 (N=131) 2008 (N=134) 2009 (N=181)

Fig. 3. Grade distribution at Course 1 visualized.

Table 3

Independence between grade distributions of Course 1 instances

Courses 2007 and 2008 2007 and 2009 2008 and 2009

iy 0.002 <0.0001 0.022
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6.2. Course 2

It is to be noted, that the number of students in all instances of Course 2 was rather small.
Still, certain trends can be observed. Course 2 was also graded in standard scale of 1 to 5.
The final grade distribution of all instances is displayed in Table 4.

The percent of students who passed the course has been extremely high in all instanc-
es. However, it seems that there is a trend to be seen on the average grades: the average is
higher on the latter instances of the course, where varied types of ViILLE exercises were
used. The grade distribution is visualized at Figure 4.

Since all of the instances did use VILLE exercises, and in all instances the usage was
required, course grade averages were also compared to earlier instances (<2010) of the
course (see Table 5). However, since the teacher was different, and there were other mi-
nor changes in the course at 2010 as well, the data should be observed with caution.

Points gathered from VILLE exercises in all instances of Course 2 are displayed at
Table 6.

Table 4

Grade distribution in instances of Course 2

2010 (N=23) 2011 (N=16) 2012 (N=25)

5 10 10 16
4 3 1 2
3 4 1 3
2 2 1 1
1 3 1 2
Fail 1 2 1
% of all passed  95.65 % 87.50 % 96 %
Grade mean 3.52 3.75 4.04
100%
90%
80%
70% =
60% B4
50% N3
40% u2
30% 1
20% M Fail
10%
0%
2010 (N=23) 2011 (N=16) 2012 (N=25)

Fig. 4. Grade distribution at Course 2 visualized.



104 E. Kaila et al.

Table 5
Course 2 instances’ mean grades throughout 2006...2012

Year Grade mean

2006...2009 (N=21)  3.14

2010 (N=23) 3.52

2011 (N=16) 3.75

2012 (N=25) 4.04
Table 6

Points gathered in VILLE in instances of Course 2

Year Total maximum  Mean score  Std. dev. % of maximum
2010 700 552.36 99.57 78.91 %
2011 660 567.06 128.06 85.92 %
2012 660 588.73 83.39 89.20 %

Though the differences are rather small, it seems that the students completed more
exercises when visualization was accompanied with other exercise types starting from
2011.

7. Discussion

Based on the results presented, it seems that VILLE exercises have a positive effect on
learning. The average grade in both courses increased — though in Course 2 there are
no significant changes (though this might be because of the low N). The pass rate in
Course 1 also improved. In this section, the results for both courses are first discussed
separately. Then the rules for adaption presented earlier are revisited in context of the
results. Finally, as there are issues when measuring and comparing the performance at
whole course level, some critical points of view are presented.

7.1. Performance at Course 1

Three instances of Course 1 were observed: at the first instance (2007) a link to ViLLE
applet was given to students at course web page, but no points were collected and hence
no minimum score limits set. In consecutive instances (2008 and 2009) ViLLE was made
mandatory at course, as the minimum of 40 % of all points in VILLE needed to be col-
lected to pass the course. Based on the results, it seems that this had an effect on learn-
ing results. The mean average increased, and the amount of lower grades (1, 2 and 3)
decreased. Also, the passing percent increased from 80.92% to 82.09% and 85.08 %,
respectively.
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It seems, that the visualization exercises combined with active learning in the form
of questions has a positive effect on results. We have previously shown (see e.g. Kaila
et al. 2009A, Laakso 2010), that visualization seems to have a highly positive effect on
learning. It seems that the results gained from controlled two hour experiments can be
generalized to learning at whole course. This also seems to confirm our earlier results on
high school level programming course (Kaila ef al., 2010).

7.2. Performance at Course 2

There were also three instances observed in Course 2. In all of them ViLLE was made a
mandatory part of the course, with minimum amount of 50 % of all points to be gathered
to pass the course. The difference between instances was that at two latter instances
(2011 and 2012) new exercise types were presented: only a handful of earlier visualiza-
tion exercises were kept and four new exercise types were presented.

The same trend seems to exist at Course 2 results as well: when compared to earlier
instances with no VILLE (2009 and earlier) of the course, the grade mean seems to be
higher when VILLE exercises were used. Moreover, it seems that at the latter instances
(2011 and 2012) of observed courses the distribution of grades seemed to focus more
on the higher level of grades. No statistical differences could be found between groups,
though one possible reason for this might be the low N. The trend in number of exer-
cises completed at latter instances is still interesting: the students seemed to do more of
the exercises when new types were introduced among the visualization. It is likely, that
more heterogeneous set makes doing the exercises more motivating.

7.3. The Rules of Adaptation Revisited

The first rule we presented about adapting learning technology was to introduce and
integrate. The results from Course 1 seem to underline this: when ViLLE was presented
as an external tool with no connection to course otherwise, it did not seem to have a
strong effect on learning. When the tool was made a mandatory part of the course, with
connections drawn to other material, the grade and pass rate got higher. In Course 2 the
introduction and integration was even tighter: there was a special introductory round
in VILLE where the exercise types were presented. Moreover, the exercise rounds in
ViLLE were tightly integrated into course curriculum. Each round was opened after the
lecture about the topic was given.

The second rule was to engage the students. The engagement taxonomy presented
by Naps et al. (2002) states, that higher the level of engagement, the better the learn-
ing results. In latter instances of Course 2, new exercise types were presented. While
visualization exercises lie in the engagement level of responding, most of the new types
are on the higher levels of engagement. Based on the results, it seems that the students
were more motivated in doing the exercises after the change, and it also seems, that the
learning results were better. Though, as mentioned before, no statistically significant dif-
ferences were found due to low number of students in course.
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The final rule was to make the tool mandatory, but reward the students on using it.
This rule was adapted on two final instances of Course 1 and in all instances of Course
2. In Course 1 the effect can be clearly seen: the results got better as soon as the tool was
made mandatory. It is possible, that not all students find the visualization exercises mo-
tivating enough to complete them on their own. It is also likely, that at least the weaker
students might not have enough patience to go through the more difficult exercises if
they are not required. In Course 2 bonus points for final exam were rewarded if enough
ViLLE points were gathered. This also seemed to have a motivating effect, as seen on
scores obtained in ViLLE exercises: the 50 % minimum limit was clearly exceeded in all
instances of the course.

7.4. Issues in Course Long Performance Measurement

There are some known issues when measuring the learning effects throughout the course.
First, there are usually several factors that affect the learning results. In both courses,
other variables were kept as steady as possible: the same teacher taught all instances of
both courses and no significant changes in materials or course curriculum were made
between instances. Still, isolating all factors that affect the learning is practically impos-
sible. Also, measuring the actual learning outcome is difficult. The best we can do on
course level is to compare the total grades obtained from course. As long as the com-
ponents affecting the grade — and the components used to measure the grade — are kept
somewhat similar, the mean grade should be reliable enough, — especially if the number
of students in the course is high enough.
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Appendix A. VILLE Exercise Types

Exercises for Computer Science

Visualization exercise: Combines the graphical, step-by-step execution of the example
program with three types of questions: multiple choice questions, open questions and
array questions.

Code sorting exercise: Commonly known as Parson’s puzzle: the students need to ar-
range the shuffled program code lines into correct order so that given task is fulfiled.

Coding exercise: The task is to write a program — or a missing part of the program ac-
cording to given specifications. VILLE supports a variety of programming languages,
including Java, C++, C# and Python.

Robot exercise: The goal of the exercise is to move number of boxes into specified tar-
get locations. The boxes are moved by writing an algorithm that controls a robot crane.
Idea is to teach loops and methods in Java.



108 E. Kaila et al.

Clouds & Boxes: Reverse-visualization type exercise: the students are supposed to sim-
ulate the state of program after each step executed.

Other CS exercises: In addition, there are exercise types for testing binary calculations
and conversions between hexadecimal, decimal and binary.

Exercises for Mathematics

Math exercises for elementary school level: There are several exercise types meant
for teaching elementary level mathematics. In these exercises, the students for example
need to find out the missing number, drag and drop numbers into number line, do long
division, find out values in bar charts, calculate with fractions and so on.

Math exercises for higher levels: There are also exercise types meant for students in
higher levels: for example, solving quadratic and first degree equations, doing differen-
tial coefficient calculations and writing inequality equations and sign charts.

Other Exercises

Quiz: The most basic exercise type: contains multiple choice and open questions with
attachable materials. Quizzes can be utilized in any level and topic.

Survey: Can be used for course opening and closing surveys. Moreover, VILLE surveys
are typically utilized to implement assignments that are graded by teacher, for example
essays.

Sorting: VILLE contains exercise types for image puzzles, and for general sorting and
pair matching of textual items.

Language exercises: There are several exercise types meant specifically for language
teaching (such as fill-in, dialog, word ordering, punctuation and case, vocabulary test,
compound exercise and so on). However, most of these can be utilized under other top-
ics as well.

Image tagging: Exercise where the students need to identify areas in given or uploaded
image.
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