






Figure 7. Task 4: Captain Kwark sees two
towers, but he does not see the church tower.
Where can he be? Silvana’s solution.

Silvana: “He can not be here too (further back on that line), because he
would look in the same line, and then you can better do like, here a dot, there
a dot, there a dot” (she draws dots behind each other in a line – see figure 7).
Observer: “But aren’t those different places?”
Silvana: “Yes, off course, but that’s a bit unfair, actually.”
Observer: “But these are different places.”
Silvana: “Yes, but I don’t think that’s the purpose of it.”
Observer: “Why not?”
Silvana: “Well, then you can just… like this, very small dots, and than you
can do a thousand of those.”

Silvana thinks that all those spots behind each other belong to the same solution and
therefore she finds it “a bit unfair” to draw more spots in the same direction. So Silvana
is aware that there are many spots where the captain can be - there are “a thousand of
those” - but she marks only one spot because it is impossible to mark them all. The
other students do not find this a problem as they give a different meaning to those dots
and marks. They are not seen as ‘the solutions’ but they are given as examples, showing
that there are many spots.



Like the spots before, we think that Maura and Lukas give the lines as examples of
possible solutions. When the researcher asked these students about spots between
those lines, these spots were also recognised as possible solutions. This means that the
solutions of the students were in fact as general as the solution the designers had in
mind, and that only their  representation was different . Our interpretation is that
students came up with their own representations because they did not know yet the
mathematical concepts of ‘line’, ‘point’ and ‘region’. For someone with more
mathematical knowledge, lines and regions are representations of an infinite set of
points and therefore it is enough, to mark a region by drawing its borders.

The map is interpreted differently

The three towers are shown on the map as little black blocks. These blocks were meant
as symbols by the designers, but the students interpreted them as if they represented
the real measurements of the towers. The students interpreted, in other words, the
picture not as a map, but as an aerial view. In Tasks 4 and 6, almost all students did so.
Some of them were quite explicit about it, like Simone who explained that the lines
should go “till the edge of the towers”. It can also be seen in the drawings that students
made like Maura’s drawing of Figure 5.

From the perspective of the students, it is logical that the width of the towers has to be
taken into account, as the width is of real importance also in the computer program. If,
for example, one has found a spot with the binoculars , where the lighthouse is behind
the church tower, the boat can still be moved a little to the side while the lighthouse
remains hidden.

So, here also we see a difference between the perspective of the designers and the
perspective of the students. What was only a symbol in the eyes of the designers,

We suggest a similar interpretation for the fact that students do not just colour a region
but instead draw a lot of different lines. Examples can be seen in Figure 5 and Figure 6,
from Maura and Lukas, who worked separately. In Task 6, the question is where the
captain can be such that he can see the lighthouse somewhere between the other two
towers. From the perspective of the designers, the correct answer is to draw two
regions, one above and one under the island, limited by the lines that go through the
towers. From their perspective it is enough to draw these lines and colour the region in
between. There was only one student who directly gave a region as solution to the
problem.

Most students started to point out single spots, only to draw lines through these points
afterwards. To indicate that there are many places from where the captain can see the
lighthouse in between the other two towers, they drew a series of lines. Our
interpretation is that students used these lines to indicate the direction in which the
captain is looking. Maura draws her lines with a ruler and let them pass through the
lighthouse. Lukas draws some parallel lines but his reasoning was probably not very
different from that of Maura. In Task 7, Han is also very explicit about the fact that his
lines show a direction (see figure 4). When he draws the lines he says “He (the captain)
looks in this direction...”

Figueiredo, N., van Galen, F., Gravemeijer, K. (2009) The actor’s and observer’s point of view. Educational Designer, 1(3)

http://www.educationaldesigner.org/ed/volume1/issue3/article10 Page 13



indicating a point on the map, was interpreted by the students as a picture of a tower,
as seen from above.

A different idea about which aspects of reality should be taken into
account

Another difference between the designers and the students is that they hold different
views about which aspects of reality are important in order to solve the problems. In
Task 7, for instance, it is said that Zilt sees a ‘big ship’ between the other two towers.
The word ‘big’ was used by the designers only to make the story more exciting, but
Maura draws the conclusion that the ship must be near the coast. She says: “Zilt sees it
big and therefore it can't be far from the coast”. To defend her idea for her peer and the
researcher, she brings up several aspects of reality: the weather conditions (“It can be
foggy, and then one cannot see very far”), the scale of the map (“It is a small map, but
actually it is very big”) and the fact that things that are far away look small. Her peer
Silvana, however, shows that she has a different opinion. :

Maura: “He sees it big, the ship”.
Silvana: (to Maura) “yes, but that is just ... that belongs to the story. The
task is ’where can the ship be?’”

Silvana shows here that she knows that in mathematics one doesn’t have to take all
contextual elements into account. Some of the aspects just “belong to the story”. One
could say that Maura and Silvana do not share the same socio-mathematical norms
with respect to the question which aspects of reality should be taken into account.

The designers had not expected that describing the ship as a ‘big ship’ would influence
the way a student would try to solve the problem. Like Silvana they had a different
socio-mathematical norm in mind. We believe this has also to do with a different level
of mathematical thinking. Designers look upon the task from a mathematical point of
view, which makes them see lines and regions instead of the concrete situation.

Discussion
In the previous section we have analyzed the teaching experiment in order to offer a
detailed elaboration of what constitutes the actor's and the observer's point of view
with a concrete example.  In this section, we will expand on this elaboration, by
analyzing the observed differences from a more theoretical perspective.

We may summarize the differences between the designers’ expectations and the ways
students reasoned as follows. The designers did not anticipate that students would not
think of ‘seeing’ as ‘looking-around-and-seeing’ but as seeing without moving your
head. They expected students to think of lines and regions to construct their answers,
while students felt the need to use different representations, drawing points (dots or
crosses) on the line segments, and drawing series of lines and points to indicate
regions. Finally, the designers and the students had very different ideas about the
meaning of the symbols for the towers on the map, as well as about which aspects of
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reality are to be taken into account.

To analyze these differences from the perspective of an actor’s and an observer’s point
of view one has to look at what both parties bring to the situation. We found that  the
following differences in the backgrounds of designers and the student play a significant
role: a difference in the level of mathematical thinking, a difference in beliefs about
what aspects of reality should be taken into account, and a difference in mathematical
(or non-mathematical) attitude. We will elucidate this in the following.

Differences in level of mathematical thinking

Instructional designers and students may both use mathematical terms as ‘point’ and
‘line’. But—according to the Van Hiele (1973) theory—these words may have different
meanings for both parties. Applied to points and lines, the Van Hiele theory suggests
that, for students, points and lines are things with a certain size and shape, which you
can see and draw, while they are mathematical objects for the instructional designers.
Following Van Hiele, we may speak of two different levels of thinking. On a ground
level points and lines are visual entities, but on the next level points and lines have
become mathematical objects. Or, to use Van Hiele’s terminology, they have become
junctions in a network of mathematical relations. Points and lines have become
thought objects that differ significantly from their material counterparts. Mathematical
points are infinitesimally small, and a line is defined as a set that consists of an infinite
number of such points.

The notion of a line as a set of points, plays a distinctive role in the way one answers
some of the tasks. Take task number 4, for instance. This task requires the students to
find out where the captain would see only two of the three towers. With the idea of a
line as a set of points in the back of your mind it seems self evident to choose line
segments as solutions to this question. Without this mathematical notion it is much
more natural to look for or represent individual points.

Differences in taking aspects of reality into account

The students appeared much more inclined to take various aspects of reality into
account than the designers had anticipated.  We may assume that the instructional
designers were guided by the mathematics they could ‘see’ in the tasks, when
considering which contextual elements are important for the problem. At the same
time, they may have be unaware of the extent to which the mathematical content of the
task differs from the real-life context. Students, however, are often very sensitive to
such differences. They may focus on the context, and look for those contextual
elements that can help them to make sense of what is asked of them. In this process of
grasping the problem, they use their life experience creating a context for that activity.
Or, as Mercer (1992, p. 31-32) puts it:

“Pupils accomplish educational activities by using what they know to make sense
of what they are asked to do. As best they can they create a meaningful context for
an activity, and the contexts they create consist of whatever knowledge they
invoke to make sense of the task situation.”
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The context and knowledge about the real world played a central role in the solution
processes of the students. We may explain this from their lack of familiarity with the
mathematics, but we can also relate this to the socio-mathematical norms (Cobb &
Yackel, 1995) to which the students were accustomed. The extent to which the context
must be taken into account when solving a contextual problem in a certain classroom,
is a typical part of the socio-mathematical norms of that classroom. So the fact that the
students incorporated aspects of reality on a larger scale than the designers expected,
might also be explained by socio-mathematical norms of the classroom. The students
may have acted in accordance with what they perceived as what the norms in their
classroom were in regard to dealing with aspects of reality. It might, however, also be
the case that the students experienced the classroom social norms and socio-
mathematical norms as situated (Lave & Wenger, 1991). The computer activities might
have constituted a different situation for them, where the norms of the classroom did
not apply.

Mathematical attitude

A third difference between the students and the designers may reside in the
mathematical attitude. In reflection on the above, we may observe that the influence of
differences in level of mathematical thinking merges with the influence of socio-
mathematical norms. The socio-mathematical norms delineate how and in how far
elements of the context are to be taken into account. The way, in which elements of the
context actually are taken into account, however, will not be solely defined by socio-
mathematical norms, but will also be influenced by the level of mathematical thinking.
One cannot expect students to come up with solutions that correspond with
mathematical ideas they have not yet acquired. In addition to this, we should note that
the measure in which one has a mathematical attitude will play a role too.

Krutetskii (1976) found that mathematically gifted students tended to solve problems
by generalizing the problem, solve the problem on this general level, and finally
translate this solution back to the specific problem at hand. In a similar sense,
mathematically disposed persons such as instructional designers may be inclined to
look for more general solutions, without even being aware of it.This mathematical
attitude may also explain the difference in interpretation of the map; as the designers
may have developed a habit of ‘decontextualizing’ contextual problems as part of a
mathematical attitude. Consequently, when they look at the map, they see a
mathematical model of the situation, and not like students, a picture or an aerial
photograph of the island. The designers considered the symbols of the towers on the
map as points, while students interpreted those symbols as top views of the towers.

Instructional design recommendations

We close this discussion with some remarks on what measures might be taken to
improve the computer game. We start by noting that the observed consequences of the
differences between the observer’s and the actor’s points of view, caution instructional
designers to consider the contextual situation of the tasks carefully, and not
underestimate the differences between a real world interpretation of a contextual
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problem and a mathematical interpretation of that problem. As a rule, one should try
to look at the tasks' context from the point of view of the students. Further, it seems
essential to include in the designing process small teaching experiments that aim at
coming to understand the students' point of view.

We saw that the students eventually came to see line segments as legitimate solutions,
as a result of the interaction with the researcher. So we may ask ourselves whether it
would be possible to adapt the computer program in such a manner that it would
support this kind of shift. If we take the task to be on the position from where the
captain will only see two towers, the program might, for instance, first ask for one
position, then five, and finally ask for all possibilities.

In regard to the interpretation of the map of the island, a recommendation would be to
make the difference between the reality and the model more explicit. One of the
problems of the tasks had to do with the fact that the instructional designers ‘see’ the
map as a model of the reality, while students see it as a realistic picture.  The step from
the reality to the model could be made more explicitly by working with two
representations, a realistic top view of the island, and a schematic picture of the island
on which the towers are represented with points.

The idea of looking around could also be made more explicit in the text of the tasks,
and supported by binoculars which students can change the direction of, and so
actually look around.In relation to this, we would suggest to enhance the context of the
problem by constructing a reason why one might want to find an answer to a given
question. This reason then might guide the way in which the students think about the
problem.

Finally we turn to the social norms, the socio-mathematical norms, and mathematical
attitude. Classroom norms are constructed on the basis of experiences, in an
interactive and accumulative process, which is guided by the classroom teacher. We
argued that an educational computer game constitutes a situation that may be
experienced as quite different from the classroom, in which different norms apply. In
order to prepare the students for inquiry-based computer tasks, the classroom teacher
will have to establish inquiry-orientated classroom social norms, and appropriate
socio-mathematical norms. Moreover, the teacher needs to try to cultivate a
mathematical attitude. Still, students may disregard those norms when interacting
with the computer environment. We doubt whether it would be possible to shape the
computer program in such a manner that it can effectively influence the beliefs of the
students in this respect. Maybe some well-designed tasks, and some tailored feedback
may have some influence, but, considering the complexity of this learning process, the
limitations of computer learning environments, and the richness of possible student
reactions, we believe that there will always be an essential role for the teacher to
interact with the students who work on educational computer games in mathematics.
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Footnotes
[1] Treasure Island was designed by Frans van Galen. The illustrations here are taken

from the English translation. The applet can be found at http://www.fi.uu.nl
/toepassingen/00032/en/eiland1.html (English) or http://www.fi.uu.nl
/toepassingen/00032/nieuwst/eiland1.html (Dutch).

[2] The English translations of these tasks can be found at http://www.fi.uu.nl
/toepassingen/00032/islandstudy/en/ (English) or http://www.fi.uu.nl
/toepassingen/00032/islandstudy/nl/ (Dutch)
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