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Abstract

Many researches highlight the positive aspects of the use of games in teaching: playful activities, espe-
cially in mathematics, can lead to a more effective learning process.

In particular, playful environments can better shape those stages of mathematical learning that require

familiarization with procedures and sometimes lead learning into tedious mnemonic efforts by pupils.
Since 1998 ([1]) we have been involved in primary school prospective teacher mathematical training.

Most of our classes are devoted to promotion of active learning (exp. PBL) and we stress on the fact that

in order to design and direct such kind of activities a flexible mathematical knowledge is essential for
the teacher. In our lectures, we analyse games and problems, with particular attention to the potential

of the “new technologies”. We developed a proposal for a web-based mathematical “turnkey” game
environment for primary school pupils, using the WIMS system.

From July 2019, in the WIMS distribution an example class “Play with maths” is available, with a selection

of mathematical games suitable for primary school children (The full example class is available at this
url: https://wims.matapp.unimib.it/1097.php).This example class provides a “ready for use” environment

for any teacher who wants to try it and who wants to adapt such virtual space for his/her own pupils

(so to select activities, monitor pupils’ progresses, and so on. . . ). We will describe some example taken
from this example class, so to show the potentiality of WIMS in providing interactive exercises that are

meaningful from the mathematical (and therefore from the teaching of mathematics) point of view. We
will also report the first reactions of in-service teachers that experimented this platform and that have

highlighted some its strengths and weaknesses. Finally we will discuss a few issues that a research on

the effectiveness of such games should focus on.
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1. WIMS, A WWW INTERACTIVE MULTIPURPOSE SERVER

In widespread use throughout France, the WIMS system (WWW Interactive Multipurpose Server) is
gradually revealing its vitality and effectiveness as a server for publishing interactive learning objects.

WIMS is a very flexible system that allows for the creation of a large variety of learning objects with

automatic marking. It was conceived by Xiao Gang and made public in 1998 (e.g. see [2]). Installed
on a WWW server, it provides standard LMS-like facilities (virtual classes and students’ management,

discussion forum, repository of interactive documents, exercises, quizzes, . . . ), for a complete descrip-
tion see [3]. WIMS’ main strength is its flexibility and the capability of interacting with software of various

kinds. This capability, together with the possibility to use random parameters, allows for the creation of

a large variety of exercises with automatic scoring. WIMS’ activities can be offered to the user with no
need to install any additional software on the local pc (or on any mobile device) other than a standard

web browser. A well designed use of random parameters allows WIMS to provide a virtually infinite

set of versions of each single activity. Finally, as WIMS was originally conceived for mathematics, it
provides an easy way to insert mathematical symbols and formulas via a TEX/LATEX syntax. Also WIMS

has a builtin drawing engine able to efficiently create geometrical drawings on the fly. To experience
WIMS one can connect to any public server, you can e.g. start from https://wims.unice.fr/wims/, or

https://wims.auto.u-psud.fr/wims/, or https://wims.matapp.unimib.it/wims/. Such servers are avail-

able in English, French, Italian, Dutch, Spanish, Slovenian, Catalan and Chinese. Modules are clas-
sified by keywords and by school levels, and a search engine is provided. WIMS meetings are held

periodically to exchange experiences in the community of users; abstracts of the conferences given

and posters presented are publicly available. “Colloques” where held in Nice (e.g. see [4]), Bordeaux,
Rennes, Dunkerque, Annecy, Paris Orsay; the next colloquium will be held in Amiens in June 2020.



Fig. 1: WIMS

As we pointed out in [5], the strengths of WIMS, that seem to have contributed to its spread, at least in

France, appear to be:

• variety of activities (ready-made or that can be created) that activate many skills;
• longevity of the exercises: the first exercises created in 1998 are still operating perfectly; take the

time to design WIMS exercises (or just translate an existing module into your own language) looks

like a long-term investment;
• a modular structure that allows for the extension of functionality (if a new software/tool is released,

a new module can be created to allow WIMS to interact with such software);
• an active community, coordinated by the association WIMSEDU, which updates and distributes the

system, proposes new modules and gives active support to the users of WIMS around the world

(through the WIMSEDU web site https://wimsedu.info/).

On the other hand, we can point out obvious difficulties in the use of WIMS, that can be blamed for the

very little spread of this system outside of France (e.g. we have fully monitored the use of WIMS in Italy):

• difficulty in finding in the very rich WIMS proposal materials suitable for the wanted theme and/or
school level;

• sometimes, even if one can find an activity “exactly as needed”, it is only available in French, so

some work is needed at least for a translation;
• getting into the software development of WIMS’ modules is not always straightforward (one can

taste a bit of what using the WIMS programming language really means by starting with the trans-

lation of already existing modules).

The French experience has led to understand that the inclusion in the distribution of “Open classes” (i.e.

examples of selections of learning objects) that can be simply copied and used is very useful in helping

teachers approach WIMS, and therefore we have set our work in this direction.

2. TEACHING MATHEMATICS THROUGH WIMS

There are a number of descriptions of teaching experiences with WIMS which may constitute a first

basis for an evaluation of the effectiveness of WIMS as a tool for teaching mathematics e.g. see [6],
[7], [8], [9], [10], [11], [12]. The common background for all of these experiences (at different school

levels, in different class situations, in different subjects), is the idea that making available to the students
a wide variety of exercises with automatic scoring can motivate them and keep alive their attention. If

the activities are well designed, and activate different skills, and provide the students with a good variety

of different examples, such activities can help the students develop mathematical abstraction. Clearly
the key point in a framework of this kind is to fully understand what are the characteristics of a “well

designed” exercise in order to “activate different skills”. For example one of the most studied features is

the level of interaction of teaching software, and in this case the multi-modality of WIMS’ exercises that
requires active actions on images seems to be a winning feature.



Fig. 2: Sums: question and answer/feedback

Moreover, we believe that in order to gain this “activation of skills” it very important to focus also on

the mathematical/disciplinary contents covered by the exercises, rather than on the “technical” aspects.
Sometimes the visual of WIMS exercises appears a bit “rusty”, but we want to analyze such exercises

with the eyes of a mathematician and verify that they cover meaningful aspects of the discipline. Further-

more, we insist of the fact that problem solving is a crucial step for a real understanding of mathematics.
We believe that PBL (Problem-Based learning) is particularly suitable for the teaching/learning of math-

ematics and that teachers’ key role should be to promote problem solving activities by selecting suitable

problems (e.g. see [13]). It thus seems almost contradictory to make use of “automatic” exercises. In-
deed we are walking on a thin line of ice and a particular effort must be put on the design and selection

of the learning objects and on the monitoring of students’ activity on these exercises. In order to pro-
mote an effective learning of mathematics students should be lead to actively work on a difficult problem

and to develop a viable solution, given the necessary amount of time. The risk with computer based

exercises is to get quite the opposite: students solve a big amount of exercises, trying to find the fastest
strategy in order to get a solution approved by the computer, strategy that not always corresponds to a

real understanding of the subject (cfr. [14, p. 337-339]). On the other hand, the use of WIMS has obvious

advantages:

• automatic scoring gives immediate feedback to the students, also WIMS’ exercises can be con-
ceived so to give feedback targeted to common mistakes;

• possibility to design exercises with many variations.

In our opinion, this second aspect, if well mastered, can help limit “inappropriate” behavior. In order

to explain what we exactly mean and how we think this can be achieved, we will describe a selection
of modules included in our proposal “Play with maths”. The open class “Play with maths” includes

19 “worksheets”, that is collections of exercises, that are proposed to the user. Such worksheets are
cataloged in two main categories “Numbers” and “Space” (The class can be visited as “Anonymous

Visitors” using the link already provided: https://wims.matapp.unimib.it/1097.php). We will assume a

minimal of familiarity with the contents of the open class “Play with maths” that can be freely tried. Fig. 1
provides a glimpse at the class main page. Each worksheet contains a certain number of exercises on

a given topic, with increasing level of difficulty. In the section “Numbers” worksheets of different level on

“Sums” and “Products” are proposed, while in the section “Space” one can find tasks concerning spacial
orienteering and knowledge about geometrical figures. As all the proposed exercises are freely available

we suggest you to try them, while in the next section we will fully describe only a selection of some of
these examples.



Fig. 3: Increasing difficulties

2.1 Example 1: sums

Our proposal starts with a series of classical “Number pyramids” drills: given some numbers (we start

with 3 numbers), the user is asked to place them in a “pyramid” so that the numbers on the upper levels
are the sums of the numbers on the lower levels. In the first examples (e.g. see Fig. 2) the task is

essentially to “do the sums” (or, in other words, the exercise can be selected by a teacher who wants

his/her pupils to practice on computation of sums). If compared to a “pen and paper” corresponding
version of this exercise, the advantage of this computer based version is that the student have an im-

mediate feedback. Of course this immediate feedback can have some contraindication from the “active
learning” point of view, as students are not led to “double check” their answers. In our proposal, the

exercise is configured so that in case of error no solution is given and just a “the answer is wrong”

feedback is shown. If the student tries the exercise a second time, the very same numbers are given
so he/she has the change to improve his/her answer (the number of times the student can repeat the

same exercise can be set by the teacher). As PBL is concerned, this exercise can lead the students

to develop “improper” strategies: after a few tries the students can understand that, instead of making
the computation, a “computer validated” solution of the exercise shown in Fig. 2 can be obtained very

quickly just putting the biggest number above and the two smaller numbers below. This way of finding
the answer for the exercise can be considered “wrong” by the teacher who would like his/her pupils to

practice with computations of sums. A way to avoid students to rely on this “wrong” strategy is to switch

to the version of the exercise shown on the left of Fig. 3. In this case four numbers are given, so that in
order to place three numbers in the pyramid the students have to choose which one has to be left out.

This example allows us to point out also that in WIMS you can design exercises with multiple correct

solutions (in the example given in Fig. 3 both 7= 6+1 and 13= 7+6 are correct answers), thus countering
the formation of one of the most deleterious students’ belief “Mathematics problems have one and only

one right answer” (cfr. [14, p. 359]).
In order to increase the level of difficulty of the task, thus leading the students to develop new strategies,

more complex geometrical shapes to be filled with numbers can be constructed (e.g. see the example

on the right of Fig. 3, much more examples are given in the worksheets on line). This family of exercise
can also be configured so to use different kind of numbers: integers, fractions, real numbers and even

complex numbers, thus these exercises can be reprised later in the following grades.

2.2 Example 2: products

In order to practice on computation of multiplication our proposal includes a series of “Arithmetic tables”,

i.e. exercises in which students are asked to fill in a matrix so that the products of its rows and columns

are given numbers. Fig. 4 shows two different possible versions of this type of exercises (more are
shown in the worksheets on line) so to show how the teacher can set it up: the teacher can choose the

size of the matrix, the number of missing cells and whether the numbers to be inserted into the table are
given or the students are left with the problem of finding out the missing factors. In the configurations

shown in Fig. 4 students are required to work with the product operation and its inverse at the same

time, and a knowledge of the prime factorization of natural numbers is developed.
As in the example in section 2.1, this family of exercises can be set to use different kind of numbers.



Fig. 4: Products: different implementations

Fig. 5: Collect the points

2.3 Example 3: points and shapes

Our proposal includes examples of exercises in which WIMS capability of interacting with graphics soft-
ware is fully exploited. The exercises in the worksheet “Let’s tidy things up!” asks pupils to trace a

geometrical object (circle or line) satisfying some given relation with respect to some given points (see.

Fig. 5). This family of exercises is also interesting as pupils are required to exploit non standard space
competencies and, in some versions of the exercises, the counting of the points is required, thus mixing

up geometrical and arithmetical skill.

2.4 Example 4: triangles

Finally, our proposal includes a series of exercises on more “standard” geometrical tasks, asking to

draw circles and polygons with given properties. In these modules the WIMS capability to have the
user interact with graphics software is fully exploited. Anyway, the concern to dismantle the stereotypes

is always present: the series of worksheets on triangles, for instance, tries to underline the fact that

for triangles the classification according to angles and the classification according to size lengths are
different (that is, for a triangle being “isosceles” or being “right angled” are independent characteristics).

In order to do so, pupils are stimulated to trace all the possible cases (e.g. see Fig 6).
As we are particularly concerned about stereotypes, we work a lot on the construction of geometrical

figure on graph paper “snapping to the grid” (i.e. with vertices with integer coordinates) and, in the

more difficult version of the worksheet on triangles, we try to stimulate pupils to “put them on paper” in
non-standard position (e.g. see Fig 7).



Fig. 6: Triangles

Fig. 7: Triangles 2



Fig. 8: Teachers’ area

Fig. 9: Statistics

3. TEACHERS’ TRAINING

Once again France is a good source of inspiration, both for WIMS in general and for issues concerning

teacher training as well. Training seems to be a fundamental key for the spread of WIMS; WIMSEDU

(https://wimsedu.info) has been very active in promoting courses and workshops on WIMS. In Italy,
last spring we started proposing in-service primary school teachers’ training seminars on the use of

WIMS. In such seminars it was shown how to setup up a class just “copying” activities from the open
class “Play with maths” and the administrative functions available for teachers in WIMS were described

(e.g. compare Fig 1 and Fig. 8 to see the range of administrative modules available in the teachers’

area). A teacher can access to the full work carried out by the students enrolled in his/her class. For
instance, Fig. 9 shows statistics generated by WIMS on the exercises described in section 2.3 for a

particular class.

We have not yet set up a proper research on the effects of such seminars. So far we can only say that we
got good reactions and feedback. Some of the participating teachers actually started using the WIMS

virtual class they created during the seminar for proposing activities to theirs students, in particular to



Fig. 10: Students’ work

assign holiday homework. Fig. 10 shows the work carried out by two pupils in two different classes from
June to September, as plotted out in graphs generated by WIMS.

4. CONCLUSIONS

In this paper we described “Play with maths”, a first proposal of “ready to use” activities, and the rationale
behind such activities. We also briefly described the actions we started in order to train teachers to use

WIMS. Although we got positive reactions, we know that much is left to be done, both in order to enrich

the proposal “Play with maths”, and to contribute to the general development of WIMS. Most of the
questions raised in [5] remain open:

• Which are the most effective interactive activities, and can the strengths of WIMS help teachers
offer such activities to their students?

• Can WIMS be used to evaluate students’ achievements?
• Can WIMS be used to build personalized learning paths?

• How to develop the technological knowledge of teachers in order to enable them to exploit the full

potential of WIMS?
• Can the capabilities of WIMS be embedded into other LMS?

Any contributions from mathematics education researchers can sustain the development of WIMS in a
direction that improves its effectiveness in the teaching of mathematics.

Furthermore, for the specific Italian situation we need to understand if this first “success” of WIMS among
primary school teachers is an actual first step towards the spread of WIMS or it is just a passing fashion.

And more questions arise:

• Are the “turnkey” class models what is really needed or teachers need a deeper technological

training to be able to autonomously develop and adapt WIMS modules?

• Can the exercises proposed in “Play with maths” really promote an effective teaching of mathe-
matics?
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différenciées: La plateforme WIMS, utilisation en premier cycle universitaire,” in TICE 2004: actes

du colloque TICE 2004, 21–23 octobre 2004 2004.

[11] E. Reyssat, “Enseigner avec WIMS : exercices et documents interactifs à variation aléatoire,” in

Actes of CETSIS 2013, Enseignement des Technologies et des Sciences de l’Information et des
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