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1 Introduction

This short report is about the recent progress of the Cinderella software system for
Interactive Geometry, in particular its JavaScript-version CindyJS [6], with respect to
the logging of user events for the implementation of automatics scoring of exercises and
formative assessment. It is summarizing the presentation I gave at the RIMS conference
and is not meant to be authorative, but as a contribution to the future development nec-
essary when using dynamic geometry software (DGS) in learning management systems
(LMS) like moodle. It is in line with previous presentations at RIMS workshops:

2003-11-22 (Teaching Mathematics with 27 L 7). At this conference about teach-
ing geometric algebra using interactive tools, the first Japanese version of the
Interactive Geometry Software Cinderella [17] was shown, as well as a preview of
the next version Cinderella.2, which was released three years later in 2006. Also,

it included a demonstration of using Cinderella on mobile devices, for example the
SHARP Zaurus SL-5500 and SL-C700. The full documentation is available in [4].

2014-09-03 (Future Developments in 3D Input for Dynamic Geometry or Physics Sim-
ulation). This presentation focussed on the use of sensors, actuators and mobile
devices with Cinderella to use real data and control real devices for realistic math-
ematics teaching.

2016-09-28 (Parallelisms — Accessible High Performance Dynamic Mathematics on the
Desktop and on Mobile Devices). This contribution, as documented in [8], intro-
duced CindyGL, an extension to the JavaScript-Version CindyJS [6] of Cinderella
that uses WebGL for parallel computation and real-time processing of image data.

For more than 20 years, the Cinderella project evolved to use the current technology,
while maintaining the strong mathematical foundation [11]. However, some of the initial
features, in particular interactive exercises with automated theorem checking, are no
longer as accesible as they were in the first Java versions that could run in a web
browser [14]. This is contradictory to the widespread adoption of learning management
systems like moodle, which allow for integrated assessment of students. In this report,
I will share thoughts on possible developments during the next few years.
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1: German adaptation of the SMART project (machine translation to Japanese)

2 Context: The SMART project

SMART is an acronym for Specific Mathematics Assessments that Reveal Thinking, an
Australian project by Kaye Stacey et al. [20]. According to the description on the

website www.smartvic. com:

A ’smart test’ is a specific mathematics assessment that reveals thinking. These
innovative tests, which are accessed through an intelligent on-line environment,
provide teachers with an informative diagnosis of their students’ conceptual un-
derstanding of many of the topics in upper primary and junior secondary school
mathematics. Within a few seconds of a student completing a test, the research-
backed diagnosis is ready for the teacher. We intend that this information will be
concise enough to be readily useable by teachers, deep enough to make a real dif-
ference to lesson content, and linked to appropriate teaching resources. Tests can
be used by students anywhere there is a computer with an internet connection.

The system has been licensed for Germany by the University of Duisburg-Essen
(UDE), and the group lead by Bérbel Barzel at UDE aims to supply German teachers
with localized versions of the original 130 SMART tests [7]. This involves not only lit-
eral translations, but also content-specific adaptions to the tests regarding the German
culture, wording and curriculum. To this behalf, a complete rewrite of the underlying
software framework was initiated, shown in Fig. 1.

The German SMART project is situated within the larger DZLM network. The
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2: Hints for teachers in SMART (machine translation to Japanese)

German Center for Teacher Education in Mathematics (DZLM, short for Deutsches
Zentrum fiir Lehkréftebildung Mathematik) was founded in 2010 and aims at improving
teachers’ professional development across the German federal education system. The
local group at the University of Potsdam within the DZLM network is working on the
adaption of the Geometry part of the SMART project. As a consequence, there is a need
to integrate geometry tools into an environment which is able to support the analysis
and feedback needed to reveal thinking.

2.1 Assessing Products vs. Assessing Processes

When assessing Geometry tasks, we can identify several specialities as compared to
arithmetic or algebra tasks:

e Usually, we ask for more than one solution to a problem. While there are routine or
standard constructions for geometric problems, it is typical that there are several
ways to solve a task, and it is desirable to encourage students to know more than
one way to solve a problem.

e Failures — or wrong solutions — are usually interesting in Geometry. As in other
mathematical tasks, a wrong solution can reveal ways of thinking, but in the same
way that there are usually several correct solutions, the number of interesting
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3: A geometry problem posed in the classroom

wrong solutions can exceed the number of interesting wrong solutions in other
mathematical areas.

e Interactive Geometry software allows for visual manipulation, which can be used
to demonstrate answers, as opposed to giving just a multiple choice selection.

e Various ways of dragging can be identified [1, 2] that should be distinguished for
better diagnosis of students’ answers.

In particular, we can distinguish soft constructions and robust constructions — the first,
soft constructions, need targeted dragging to maintain certain properties, the second,
robust constructions, maintain them automatically due to the properties and relations
of the objects.

In Fig. 3 a problem is shown that is useful for a demonstration of robust and soft
constructions: Given an equilateral triangle ABC, we ask for the possible placement
of the point E that is created by constructing another equilateral ADE where D is on
BC'. A robust construction in a DGS will show that E will lie on a segment starting
at C, which has the same length as BC and forms another equilateral triangle with
A. The soft construction allows for free movement of D, and it is easily seen with this
construction that the triangle ADFE will rotate point D by 60° around A onto point E.
This results in an easy argument for the observation in the robust construction: E will
lie on the rotated segment BC'. This kind of argumentation can be supported by using
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4: Demonstrating a rotation by 60° using a soft construction

geometry software (Fig. 4, however, the automatic detection of such an action is not
straightforward.

The final result of solving a geometry problem can be a static figure, however, it
is extremely difficult to extract the complete information about the solution process
from the final picture, as can be seen in Fig. 5. This implies that we should try to
record the process of creating a solution and not only the final solution. While this is
probably true for all areas of mathematics, it is more important for geometry due to the
interactive tools that are used for solving tasks and documenting solutions. Also, the
additional process data can enable us to compare thinking processes, as shown in other
contributions at this conference.

3 Event logging

In the previous section it was argued that it is necessary to record and analyze processes
instead of (only) final products, in particular if we want to reveal thinking in geometric
problem solving. Technically, this calls for recording a log of events. In [16] we describe
an approach to intelligent computer-aided assessment in the classrom which already
used the logging of events. This has been refined in [5, 19, 3] with the goal of clustering
student activity in to units that can either be analyzed automatically or need a manual
review. By this clustering, we can reduce the manual interpretation to special (and
potentially interesting) cases that need further discussion in the classroom. In the
context of the SMART project, we could aim at clustering student answers into answers
that either reveal a certain kind of thinking, or are irrelevant for the analysis, with only
a few cases remaining that might require an interpretation by the teacher.



5: The final product of solving a geometry problem

3.1 Event hierarchies

In prior work between 2005 and 2012 we already identified two fruitful approaches to
event logging: A general approach that captures mouse and keyboard activity and can
play back these system events to either analyze the process or just recreate the activity,
and a subject-specific approach where higher-level events that are special to geometry
software are recorded, available as an extension to Cinderella, CINErella [10]. Both
approaches were combined to support analyzing, guiding and assessment of processes in
geometry software [18, 19].

Based on this prior research, four levels of event logging are evident.

Raw level On this level, the mouse and touch events as delivered by JavaScript or the
underlying operating system are recorded.

This is the most general approach and it is not specific to the learning environ-
ment used, that is, it can be used with any software that allows for user input.
Clicking on the screen or typing a key will be logged. However, the analysis of
such events does not reveal any information beyond statistical information. We
can find our, for example, how often a student interacts with a certain learning
component, but not what he or she is doing — clueless clicking is indistinguishable
from (guided) exploring. Nevertheless, the psychometric data might be of interest
in some research setups.



Low-level On this level, mouse and touch events are recorded in logical coordinates
and input is recorded structurally.

Here, logical coordinates are the mathematical coordinates that are on screen at
a given (x,y) position. As they are not device dependend, they can be used for
recording, playing and streaming interaction with the software, where playback
may use the larger (or smaller) screen on another device. One example was the
synchronization of Sharp ZAURUS constructions with the desktop and electronic
whiteboards, which all three offer different screen resolutions and sizes, but show
the same (Euclidean) plane [9, 12]. Again, it is possible to generate the infor-
mation about these coordinates generically, without special programming of the
construction author.

Semantic level On this level, events describe actions like moving elements, adding
elements, pushing buttons, etc.

Another kind of elements that can be created automatically are semantic events,
which correspond to certain user actions in a DGS. They can be used to collect
and evaluate information about the kind of interaction with a geometric figure —
how often has a certain point been moved, in which order did the student work,
etc. For example, if a student should move the vertices of a general quadrilateral
such that it becomes a rectangle, one strategy could be to adjust the second, third
and fourth vertex one after the other. Other students might just move the second
and fourth point, or they might just adjust all the points over and over again. It
is possible to categorize the interaction of the students a posteriori.

Assessment level Finally, the assement level events describe whether certain tasks (or
sub-tasks) have been completed successfully or failed.

The decision to log such an event usually is complex and needs further program-
ming by the educational designer. For example, deciding whether the midpoint
of a segment has been constructed could be logged, but only if this information
is needed at all. The decision whether the goal has been achieved needs special
design, but can be supported by automatic theorem proving and scripting [15, 13].

3.2 Recording Events in LMS — xAPI Logging

Our former attempts for the analysis of student processes always used desktop software
that had access to the filesystem, so it was easy to write a log. However, nowadays most
learning activities come as HTML and are usually embedded into an LMS such as
Moodle, but could also be in any other system or just plain web pages. This means we
have to find ways of writing the log data to a server-side database.

Also, it might be necessary to have information about the student and its former
performance in other tasks. If we want to store data, we have to take care of data
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6: Communication between a DGS running in Moodle and a Learning Record Store

protection regulations and data security. Given all these considerations, there are many
ways to solve this.

Here I want to present just one solution, using the eXperience API (xAPI or Tin Can
APT), which has been created by Rustici Software for the Advanced Distributed Learning
(ADL) Initiative (U. S. DoD). xAPI is meant to succeed SCORM, which is a standard
for packaging eLearning content, that is no flexible enough for today’s use cases. xAPI
is able to track learning progress across different software products in a Learning Record
Store (LRS). Actually, recent Moodle versions come with an included LRS, but there
are also stand-alone-versions of LRS that an moodle activity can authenticate to and
then send structured events using pre-defined JSON objects to it. Later, these events
can be retrieved and come with certain metadata, for example the user who created this
event. Fig. 6 shows an example implementation of an activity integrated into a Moodle
course that sends events to a stand-alone LRS.

However, this prototype implementation showed that there is no straightforward way
to use xAPI to capture the hierarchy of events as discussed in the previous section. It
is more suitable for final achievements (like user A has acquired a driving license), and
not for in-depth analysis of problem solving processes.

4 Conclusion and Future Work

Our primary goal is to use assessment for learning, that is, all learning activities
should achieve is an improvement in compentencies of the students. Grading of students
or handing out certificates is not the main consideration. Therefore, we have to look at
processes instead of products, and these processes can be described by a hierarchy of



events: raw events, low-level events, semantic events and assessment level events. This
corresponds to the levels in activity theory (activity oriented by motive, action directed
at goals, operations as routine processes), with an additional level of abstraction.

As opposed to the final outcome, which does not tell the whole story, in particular
in the case of misconceptions, these events capture enough data to give meaningful
feedback to the students and the teachers.

One way to store learners’ data that can be used across various LMS could be xAPI,
but it turns out to be too slow and not granular enough for full insight into the pro-
cesses. Nevertheless, this is just a technical detail that can be solved using other logging
mechanisms. It will be a future effort to define a standard that can be used reliably as
a stand-alone and as an integrated method of event logging for geometry.
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