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Abstract The article reports and discusses a long-term qualitative study of forty 8–10-year-old students
who regularly played a math game during math lessons for 9 weeks. The goal was to explore the
relations between (i) some of the pedagogical principles that underlie the game and (ii) the
playing practice in terms of what actually takes place when students play the math game during
regular math lessons. The article discusses indications of matches and mismatches between
pedagogical principles and playing practice as they appear in analyses of observations and
video recordings.
The result highlights the difficulty of predicting areas in which possible mismatches appear
between the intentions of the pedagogues and designers of educational technology and the
actual use of the technology by the students. This also applies to educational materials that have
already been pilot tested and used on a smaller scale. We emphasize the need to observe actual
use for extensive periods of time, i.e. to go beyond short-time user testing.

Keywords design, educational game, game playing in practice, math understanding, pedagogical
principle.

Introduction

Base-10 concepts as gate-keeping concepts
in mathematics

School mathematics often focuses on training students’
calculating skills and their abilities to apply certain
kinds of routine problems. However, having routine
computing skills does not necessarily mean that one has
an equivalent understanding of mathematical concepts
and principles.

For example, most children can easily learn how to
count to 20, but they may do so without knowing that the

number 2 in 20 stands for two sets of 10. Likewise, they
may be able to count in the hundreds, but without under-
standing that the one in the hundreds column is equal to
10 sets of 10.Actually, the understanding of mathemati-
cal concepts related to the base-10 position system,
including operations of carrying, borrowing and estima-
tion, is an unresolved bottleneck for many elementary
school children.Yet, such an understanding is critical to
all future mathematics learning and can thus be labelled
‘gate keeping’ (Russell & Ginsburg 1984; Carpenter
et al. 1993).

Mathematical symbols are complex in that they may
have multiple meanings (Arcavi 1994). This can be dif-
ficult for a young child who might overextend the one-
to-one principle she already knows for connecting
symbols to magnitudes – as in ‘3’ means three things –
and also interpret ‘11’ as a single ‘name’ instead of one
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10 and one 1 (Gelman & Gallistel 1978). A pedagogical
challenge when introducing children to the place value
system is therefore to help them realize that in ‘11’, the
same symbol ‘1’ means two different things.

One way to back up such understanding is to put
emphasis on a proper grounding of what symbols and
numbers mean. Information and communication tech-
nologies may provide such grounding by employing
structured spatial representations and operations that
naturally enforce quantitative semantics for beginning
learners.

Research questions

An early example of a computer application in the
context of base-10 is Bowers et al.’s (1999) application
where students could pack and unpack graphically por-
trayed candies. The visuospatial metaphor was used to
help children develop the conceptual prerequisites of
understanding bases (e.g. the tens place can be
unpacked into ‘ones’, etc.).

Our article presents a novel and more complex soft-
ware developed by Pareto et al. (2009) in the form of an
educational math game for the base-10 context that has
been designed on the basis of a number of pedagogical
principles, which all aim to support children’s develop-
ment of conceptual understanding of basic arithmetic,
in particular of the base-10 position system (Pareto
et al. 2009).

The general question addressed in the present study
was: Is students’ understanding of the targeted math-
ematical principles supported by features of the game
as intended?

Six school classes in Sweden and one in the USA
used the math game during some of their ordinary
math classes for between 2 and 3 months during spring
2009, and the study presented in this article is based on
materials from two of the Swedish classes. Its focus was
to explore the relations between (i) some of the peda-
gogical principles underlying the game and (ii) the
playing practice in terms of what actually takes place
when students play the math game during math lessons.
We discuss matches and mismatches between peda-
gogical principles and playing practice as they appear
in our data. Regarding mismatches, we also at times
briefly discuss what can be learnt from indicated mis-
matches in terms of improvement of the educational
game.1 The main reason for including these discussions

is that we believe that this kind of iterative approach is
essential for research and development within the field
of educational technology and that it deserves more vis-
ibility in the academic community.

The game

The educational game is based on a metaphor for arith-
metic, where numbers are graphical objects, and arith-
metic operations are animated actions on these objects.
Coloured squares can be grouped into boxes, which can
be packed and unpacked to model the composition and
decomposition of sets.

The game contains several different two-player board
games that intertwine game play with learning content.2

The default is that two students are seated at one com-
puter, taking turns. There can be three kinds of players: a
student herself, a computer player (that comes in three
levels of ‘competence’), or a student’s agent (to be expli-
cated below). There is also always the choice between
going for a competitive or a collaborative version of the
present board game. Each player has a hand of number
cards visible to both players. Figure 1 shows an example
of an addition game.

The player to the left has put the card 44 on the game
board, yielding the result 0 + 44 = 44 [0 the board being
empty before + 4 orange ‘tens’ (with one dot) + 4 red
‘ones’ (with no dot)]. The player to the right now has the
choice of cards 84, 56, 35 and 78. In this game, the goal is
to get as many carry-overs as possible. The best card
choice in this case is 56 because 44 + 56 = 100, which
gives two carry-overs and also leaves the opponent with
the worse possible situation (no two-digit number cards
will yield a carry-over when added to 100).

Figure 2 illustrates a subtraction game, which is the
reverse of the addition game in Fig 1, with the goal of
getting as many borrowings as possible. Figure 2 also
shows how Sarah, the player to the right, has put her
teachable agent as player. Teachable agents, or TAs for
short (Biswas et al. 2001), are a form of educational
technology that builds upon the pedagogical idea of
‘learning by teaching’ (Bargh & Schul 1980). In the TA
modes of the game, children teach their agents to play
the board games. Depending on the child’s teaching, the
TA constructs a mathematical model by means of artifi-
cial intelligence algorithms and the TA’s mathematical
knowledge is continuously reflected in its skill to play
the different board games.
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There are two modes of ‘teaching one’s agent’ in the
game. In one, the agent ‘watches’ the student play and
asks questions about what happens; for instance, why a
chosen card rendered points (represented by stars in the
game) (see Fig 3).

Here, the agent ‘learns’ from its observations of the
student’s actions and from the student’s answers to its
questions. In the other mode, the agent is allowed to

propose cards by itself. The student either accepts the
agent’s suggestion or rejects it and exchanges the
agent’s card for another one. In the latter case, the agent
asks why the student thinks her card was a better choice
(see Fig 4). Here, the agent learns from the corrected
choice and its relation to the rejected choice as well as
from the explanation selected by the student. If
the student selects the correct answer, the agent’s

Fig 1 Game play example of an addition game, featuring human players Mike and Sarah.

Fig 2 Game play example of a subtraction game, featuring Mike against Sarah’s teachable agent.
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knowledge increases. If it selects an incorrect answer,
the agent’s knowledge decreases. There are several
levels of knowledge, corresponding to the complexity
and generality of the mathematical rules and principles
involved. As the agent makes progress in knowledge,
more difficult and elaborate questions get posed to the
student. Apart from these two modes, there is the option
to let one’s agent play on its own. The student cannot
interfere but only observe her agent – and see how well it
succeeds.

Pedagogical principles underlying the game

In the following, we present four central pedagogical
principles that the math game (Pareto et al. 2009) is
based on:

• Grounding numerical representations in spatial
relations supports the development of understanding
of mathematical concepts and principles (Pareto
2004).

• Guiding students’ attention and exploration supports
understanding of mathematical concepts and prin-
ciples (Pareto et al. 2009).

• Teaching someone else supports understanding by
enforcing reflection (Pareto et al. 2009).

• Collaboration between students supports the develop-
ment of understanding of mathematical concepts and
principles (Pareto 2004).

Grounding numerical representations in spatial
relations supports the development of understanding
of mathematical concepts and principles

The math game is designed to help students connect the
two central quantitative concepts of magnitudes and
sets along with their symbolic representations. It is, fur-
thermore, designed so that students will start out with
spatial representations of magnitudes and sets and then
gradually connect these to more abstract symbolic
representations/mathematical notions.3

By grounding their sense of number in spatial repre-
sentations, the hope is to avoid that students learn to
compute answers but do so without understanding
(Griffin et al. 1994). Another advantage, from the per-
spective of aiding understanding, is that perceptual rep-
resentations, such as coloured squares and packing in
boxes, are familiar for children and relate to real things
in their everyday lives (for instance, Lego® toys,
LEGO, Gruppen, Billund, Denmark). Therefore, they
are easier to talk about and relate to than symbolic
representations.

However, in order to balance this argument, two com-
ments are in place. First, less abstract, more spatial and
visual, representations are also subject to learning, and
there is some individual variation regarding the ease
and intuitiveness of this learning. Second, intuitive links
may be seeds of misconceptions later on. See, for
instance, Tall’s (2004) descriptions of how an intuition-
based understanding can cause problems in a new
context regarding the concept of fractions as well as the
concept of addition.

Guiding students’ attention and exploration supports
the development of an understanding of mathematical
concepts and principles

The game includes multiple representations, several
graphical elements, and more or less complex anima-
tions representing the mathematical operations. One
obvious challenge from an educational perspective is to
ensure that students pay attention to the relevant aspects

Fig 3 Agent prompts for an explanation why a star was rewarded
(stars refer to game scores).

Fig 4 Agent prompts for an explanation why the student rejected
its choice of card.
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of the complex screen events. This is necessary if they
are to grasp the relations between the various represen-
tations and the meaning of the animations, thereby cre-
ating an overall structure that supports understanding.

The game is based on the idea that certain guidance of
students’ attention and exploration is required to reach
this understanding – and to avoid having students end up
with fragmented and superficial knowledge and game
skills that are not related to any understanding of the
domain. For example, animations are designed to guide
the children’s’ attention to the part of the screen that at a
given moment is relevant to attend to. When a number
card is chosen, the squares from the number card are
‘poured’ onto the game board. In addition, having the
agent pose questions and provide alternative answers
for the student to select from (see Fig 5) is a means for
guiding the student towards the relevant mathematical
concepts and principles that she is supposed to under-
stand. Generally speaking, the idea is that although no
concepts or principles are explicitly taught and there is
no step-by-step directing in the different games, the stu-
dents are guided in their attention as well as in their
actions.

Teaching someone else supports understanding by
enforcing reflection

Athird pedagogical principle underlying the game is the
idea that teaching someone else can support develop-
ment of understanding. The teachable agent technology,
which is an essential part of the math game, builds
explicitly on this pedagogical idea.

Several explanations of the effectiveness of this peda-
gogy have been proposed (see, e.g. Bargh & Schul
1980; Okita & Schwartz 2006). Some are more cogni-
tively oriented: Questions posed by one’s student make
one see novel perspectives, think deeper about an issue,

or come up with an alternative representation. Some are
more motivationally oriented: A feeling of responsibil-
ity for one’s student can increase one’s motivation to
work on materials. The explanation that we focus on in
this article is that teaching can increase the teacher’s
own understanding by requiring her or him to reflect,
both on the material to be taught and on how to answer
questions from a student and explain things for her. The
reason that we chose this aspect is its particular rel-
evance in the context of digital games. Several research-
ers have argued that digital games for educational
purposes are intrinsically problematic, because they do
not permit or encourage reflection. For example, Green-
field has a long record of arguing along these lines.
Greenfield (2009, p. 71) states that digital games ‘by
their very nature as a real-time medium [. . .] penalize
the player who stops to reflect . . . Indeed no real-time
medium [. . .] permits time to reflect.’

Nevertheless, the actual game is, with its TA technol-
ogy, designed to allow and encourage reflection. First,
in order to make your TAa good player of a board game,
you must stop to think or reflect in order to choose the
right answers to the questions that your TA poses. This
is the only way that your agent can become ‘skilled’and
beat others and the computer. Second, there is a situa-
tion in which the student lets her or his agent play on its
own and observes its game play. In this situation, the
student is not involved in any action or doing, but is pro-
vided a space that at least potentially can be used for
thinking about how the agent plays. We return in the
study part to see whether this actually occurs, i.e. what
happens in practice in relation to this design principle.

Collaboration between students supports the
development of understanding of mathematical
concepts and principles

There is substantial support for the idea that collabora-
tion and discussion among students can foster under-
standing. For instance, Ke (2008) has compiled
evidence that collaborative learning situations that
promote discussion can enhance the effect of an educa-
tional game considerably. The most obvious situation is
when some students in a group already have a richer
conceptual understanding than others, and they explain
to the less knowledgeable students in order to help the
latter improve their understanding as well. In addition,
Smith et al. (2009) presented evidence that even when

Fig 5 Agent provides several alternatives as to why a particular
point (star) was rewarded in the game.
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no individual student in a group has an adequate
conceptual understanding, such an understanding can
emerge through group discussions.

The math game is designed for collaboration in the
sense that it is a two-player game, with the default being
two students seated at one computer. This is a situation
that invites talking and discussion among the two stu-
dents. Furthermore, they can choose the collaborative
mode, where the two players (students, agents, com-
puter players) play together in order to reach a good
score.

The set-up using TAs has a strong collaborative touch
as well. In the ‘watch and learn’ mode, the agent gener-
ally refers to the student and itself as ‘we’: ‘Great play
by us! We got two points – why was that?’

Empirical study – pedagogical principles versus
playing practice

The game design is thus based on a number of pedagogi-
cal principles aimed at supporting the development of
understanding of base-10 concepts – in contrast both to
routine skills and to unarticulated game skills based on
superficial heuristics. We have chosen to focus on four
central principles. In the following section, we will
evaluate in what ways playing practice aligns with the
four pedagogical principles. Is students’ understanding
of the targeted mathematical concepts and principles
supported by features of the game as intended?

The empirical data were collected from a large
number of sessions where students played the game as
part of their regular mathematics lessons. The goal of
the study was to collect rich empirical material with
bearing on matches and mismatches between pedagogi-
cal principles and playing practice – both as a more
general lesson and, for practical purposes, as input for
further development of the software.

We start with describing the circumstances under
which we have been collecting the data and the methods
used for analysing and selecting data for presentation.

Method and procedure

The material was gathered from two school classes in
Sweden, one second-grade class and one third-grade
class (i.e. 8–10-year-olds). The procedure was some-
what different in the two classes because of parallel sub-
projects conducted at the same time.

The set-up for the second grade, a small class with 9
girls and 7 boys, was the following. After some intro-
ductory sessions led by the researchers, the students
used the math game as part of their regular math classes
during a period of 3 months. On some occasions, two
researchers were present. One of them primarily helped
the students when required, mainly by solving technical
issues such as restarting computers, restarting the
programme, etc. The other researcher primarily made
observations and took notes. Eight sessions, about
30 min each, were recorded on video. After the sessions
with the researchers present, there were group discus-
sions with the students, and notes were taken.

The set-up for the third grade was as follows: Once a
week during 7 weeks, the students played the game
during a regular math class. (The total time period was 9
weeks, including an introduction session and 2 weeks
when the students were on Easter holiday and a school
excursion, respectively.) Each math lesson was 110 min
long, and the class was divided into three groups, so that
each student was playing the game for about 30 min
(including 5-min introduction and discussion). Thus, in
each of the three groups, four pairs of students were
playing. The researchers were always present, to
observe, to talk to the children and to help out with prac-
tical and technical issues. One of the researchers
focused on making observations and taking notes.
Sometimes, one of the regular teachers or teacher assis-
tants was present in the room as well.4

There was also a third grade in the role of control class
that had their usual math classes during the period of the
intervention. Both third-grade classes completed pre-
and post-tests regarding math comprehension, with
respect to base-10, and their attitudes towards Math. In
the following data presentation, results from the pre- and
post-test comparisons in the two classes will be briefly
referred to, but the focus will be on materials from obser-
vations and interviews in connection with playing
sessions. For a detailed presentation of the pre- and
post-test materials, we refer to A. Gulz, P. Lindström, B.
Sjödén, L. Pareto and M. Haake (unpublished data).

Selection of material
The ambition was to get a comprehensive set of indica-
tions regarding whether the four principles were imple-
mented in such a way that educational practice
matched them. The complete data set in the form of
32 h of observation can be described as extensive.

Matching and mismatching 95

© 2010 Blackwell Publishing Ltd



However, as could be expected, a very large number of
interactions observed did not have any (obvious)
bearing on the issues of the study. Among these were a
very large portion of moves, comments and interac-
tions (including much laughing, nodding, etc.) that can
simply be described as part of an ongoing game
playing flow. Among these were also a portion of inter-
actions that involved technical practicalities. In total,
243 observations with a potential bearing on one of the
four pedagogical principles were documented in the
form of a situation description (on average 6 per
observed session of 25–30-min play). From this set, we
selected 21 examples for presentation. An ‘example’ in
the sense used here refers to a brief period of interac-
tion and discussion referring to the game activity,
which involved one or several children and sometimes
a researcher. The main criterion for selection was the
illustrative power of the example. Several of the 21
examples were selected from a larger set of similar
examples, i.e. they represent a common observation.
Three researchers, all with extensive experiences of the
sessions where students played the game, analysed the
examples. In cases where they did not agree upon the
example as an adequate illustration of a match or mis-
match, the example was omitted. All names used in the
examples are fictitious.

In the following, we will return to each of the four
pedagogical principles and present observations and
data with bearing on them.

Grounding numerical representations in spatial
relations supports the development of understanding
of mathematical concepts and principles

The game is intended to support children’s understand-
ing of mathematical concepts by grounding them in
familiar perceptual representations. As a whole, the
empirical data tell us that such scaffolding actually
occurs. Numerous observations and discussions with
students indicate that they, in general, manage to grasp
the graphical model and connect it to more abstract
algebraic notions and rules. For instance, this was
observed in how students dealt with their teaching of
their agent, how they answered the questions it posed,
etc. The following example illustrates a student’s under-
standing of the game model in terms of a mathematical
model and not just in terms of a graphically represented
game:

(1) Anna and Lisa had so far only been playing addition
games, but now started a subtraction game. Researcher:
‘Are you playing minus?’Anna: ‘Yes we are, but I cannot
understand what happens . . . what is being packed
together?’ Researcher: ‘Not packed together, now the
yellow ones are being unpacked . . .’ Anna: ‘Yes I see!’
She immediately continued playing, choosing appropri-
ate cards and commenting on what she was doing.

The moment between Anna saying she did not under-
stand and then saying ‘yes I see’ was very brief. The
words ‘minus’ and ‘unpack’ seemed to make the rela-
tion between addition and subtraction as implemented
in the game, fall in place for her. If she had not grasped
the graphical representation of addition, she would
hardly have been so quick in grasping the ‘reversed’
manipulations, activities and representations of subtrac-
tion. Furthermore, she would hardly have been so quick
if she had not associated the game actions with minus/
addition from her ‘regular math’ lessons.

Additional support comes from the comparison of the
playing third grade and the control third grade on the
math test accomplishments, showing a significantly
more powerful development in the playing class.
Notably, the math questions in these tests are, primarily,
questions presented in standard algebraic notation and
intended to measure mathematical understanding with
respect to base-10. (For details, we refer to A. Gulz, P.
Lindström, B. Sjödén, L. Pareto & M. Haake, unpub-
lished data).

However, some observations to the contrary indicate
a mismatch between the principle and actual practice.
For example:

(2) Rose and Alex were having their seventh play
session. Rose’s agent asked why they had received a star,
whereupon Rose looked at the card that contained one
yellow square (for ‘hundreds’), seven orange squares (for
‘tens’) and seven red squares (for ‘ones’). She counted
the squares on the card and said: ‘Yes that’s 15.’

Here, Rose simply added the number of squares –
1 + 7 + 7. She appears not to have understood that the
first 1 meant 100, the first 7 meant 70 and the last 7
meant 7. In other words, she appears not to have under-
stood the basics of the arithmetic model of the game. It
should also be pointed out that this occurred when she
was playing the game for the seventh time. On the other
hand, it does seem as if Rose has grasped the less
abstract representation of numerosity. Given this, she
may be guided into an understanding of attending to
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colour as a significant marker of defining different
quantities, which leads us to the second principle.

Guiding students’ attention and exploration
supports understanding of mathematical
concepts and principles

In general, observations of students’ playing indicated
that they were being adequately guided in their attention
and exploration and thereby helped to an understanding
of the domain of the game. Especially the ‘dialogue’
interaction with the agents seemed to guide students
into connecting the different kinds of mathematical rep-
resentations. For instance, when the question from an
agent makes a relation between spatial representations
on the cards and abstract symbols in the form of
numbers, and a student makes an effort to answer the
question, then, as a consequence, she is guided towards

exploring or discovering a connection between the
representations.

However, a number of observations of actions and
utterances indicate flaws in the design with respect to
guidance. Situations such as the following appeared at
several occasions (referring to screens such as the one
depicted in Fig 6):

(3) David reads out loud the question from his agent:
‘Great, we got two stars! But why did we get them?’
David reads out the alternative answers. Thereafter,
he makes a slightly disappointed and slightly irritated
face, saying: ‘I cannot remember that now – the card is
gone.’

(4) Alex: ‘My agent asks me to explain but it is too diffi-
cult to explain – it goes too fast, I cannot keep up when
the cards go away.’

In these situations,5 there is a lack of appropriate scaf-
folding for students to:

Fig 6 Player is asked for an explanation as to why the last choice of cards rendered two stars.
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• pay attention to relevant information – the card that
was chosen and rendered the points disappears out of
reach for their attention – and

• explore the mathematical model – they do not have
the information required but are forced to guess.

However, the design flaws underlying these situa-
tions are not too difficult to remediate in an updated
game version. The same probably holds true for the
design flaw illustrated by the example below:

(5) During their seventh play session, Rose and Alex
were talking about ‘packa upp’, (Swedish for ‘unpack’).
The researcher commented: ‘But there is no “packa upp”
(unpacking) since this is plus, not minus.’Rose and Alex:
‘Yes you do pack up, the squares go up there, look.’

Later on, when the same pair played a subtraction game,
Alex said: ‘The red squares (“ones”) are packed up.’
Researcher: ‘But they are not packed up (English for
unpacked). Only the yellow (“tens”) and orange
(“hundreds”) can be packed up (unpacked).’ Alex and
Rose: ‘But look, they go up there.’

Here, the students were paying attention to a feature
of the game that from the perspective of game design
and pedagogical intentions should not be paid attention
to. The visualizations and semantics, as intended by the
designers, did not match the students’ perceptions and
interpretations in actual practice: The students saw
squares moving upwards in the animation and associ-
ated this with the expression ‘packa upp’ (English for
unpack).

This may seem like a relatively unimportant detail but
generates a kind of confusion, which may lead students
to attend to ‘wrong’ aspects in their visualizations. The
move upwards is not relevant in the sense of bearing any
meaning to the mathematical operations. A redesign of
the visualizations and/or animations (where packing
procedures are being made more explicit)6 and a differ-
ent terminology for the Swedish version of the software
would probably make this particular confusion go away.
We believe this change is motivated even if the confu-
sion regards only a small number of individuals.

Teaching someone else supports understanding by
enforcing reflection

In the game, children can teach their agents in two ways:
by ‘showing’ them how to play, or by letting them play
by themselves and giving them corrective feedback.

Furthermore, the child can watch when the agent plays
on its own. One purpose of the TA feature is to make
room for, and to encourage, reflection in contrast to ‘just
playing’.

Now, does the TAfeature really encourage thinking or
reflection on the part of the students in actual game prac-
tice? A large number of observations indicate that
this was the case. The TAs made the students move from
‘just playing the game’ towards also reflecting on their
actions in order to play the game better and to teach their
agents. The students waited, seemed to ponder, make
decisions, change their minds, discuss with one another,
and reason out loud, often together with their playmates,
so as to find a correct response to the TA’s questions.7

However, an underlying requirement in order for the
above to happen is that the student has realized that it
matters that the agent is given as many correct answers
as possible to its questions. (This being the only way the
agent can learn to play better and, in the end, beat other
agents or the computer – or win whatever competition
the children come up with.) In the session where the
agent was introduced, the students were explicitly told
that it ‘matters’ how the students answer their agents’
questions, if the agent is going to learn to play well.
With the exception of a few individuals (out of 82 par-
ticipating students), all seemed to realize this (whether
they grasped it at the introduction session or later on)
and used it as a basis for their actions. However, we
encountered two to three situations where students did
not seem to understand that it mattered how the agent
was taught, as in this example:

(6) During her fourth session of playing with the TA and
teaching it, Irene asked: ‘But does it matter if I don’t
answer correctly on the questions?’ Her playmate Karen
immediately answered: ‘Well, then it will learn the
wrong things.’

The example illustrates two things. First, Irene’s
utterance indicates that she had not understood that the
TA’s performance was affected by how she answered its
questions. Second, Karen’s reply indicates that she, on
the other hand, had understood this.

In another example, two boys were teaching their
agents, and one of them, Didrik, had difficulties both
with Math and with Reading.

(7) Didrik: ‘Do they (the agents) run against each other
now?’Carl: ‘Yes.’Didrik: ‘Great!!And thereafter we train
them more!!’ (sounding enthusiastic and happy).
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However, when his agent then asked questions, Didrik did
not read the alternatives, but just randomly picked one.

One interpretation is that Didrik indeed wanted to
teach his agent and wanted it to become competent, but
did not realize that this required that he must ‘teach it
right’. An alternative explanation is that the reading of
the alternatives demanded too much of him. In any case,
the situation illustrates a discrepancy between the peda-
gogical intention behind the game and actual play prac-
tice. The interaction with the TA did not enforce
reflection for this student.

A subtler mismatch between the intention to encour-
age reflection and actual practice can be found in the fol-
lowing example:

(8) Ellen: ‘It just asks me questions all the time! Tina’s
agent is not asking her such questions!’ (Tina nodded
slightly). Then Ellen quickly continued: ‘yes but . . . ok,
it asks because it want to know more; because it has
learnt more (than Tina’s agent).’

Ellen was correct in her interpretation. Her agent was
posing more questions and more complex questions to
her because it had learnt more (had reached a higher
level of knowledge) than Tina’s agent. But even if she
saw the rationale as to why her agent was posing so
many and difficult questions to her, it seems as though
she experienced it as a punishment. Reflection was sup-
ported to some extent, but was not associated with a
positive feeling.

The observational material contains a number of
similar examples that, taken together, indicate a need for
improvement in the design of the game. If reflection,
and progress in reflection, is to be encouraged, then it
should be met with more positive feedback than is the
case. One possibility is to exploit a feature that is used in
computer games for entertainment, namely a progress
in levels associated with rewards and being allowed to
proceed to a higher level – boosting a feeling that one
has reached something positive and now gets novel
challenges.

Finally, in the situation where the agents played on
their own and the students could watch, a large number
of observations testify that there was much thinking,
predicting and reflecting going on in students while
watching. Some illustrative examples follow:

(9) Sebastian: ‘Ooh, which one will he choose now?!’
(just before his TA chose its card)

(10) Ida about her agent: ‘What is she doing? Is she
nuts?!’

(11) Sara’s agent was choosing a card. Sara: ‘Yes! That
was what I thought it would choose!’

(12) Eric’s agent was going to choose a card. Eric: ‘Um,
which one (card) was I thinking of now?’ TA selects a
card: ‘No! That is un-smart.’

(13) Hannes: ‘My agent is pretty smart, but he is not in
the lead now, he is not thinking too much right now, he is
just picking a card . . .’

In sum, we found extensive support that the inclusion
of TAs indeed does encourage reflection.8Yet, the mate-
rial also highlights some aspects that may be improved
in the game design with respect to this principle.

Collaboration between students supports the
development of understanding of mathematical
concepts and principles

During the 32 h of observations, collaboration in
various forms was ubiquitous. It is of particular interest
to note that the students invented a number of ways to
collaborate that go beyond those straightforwardly sup-
ported by the interface and/or the game.

For example, at one playing session, two second-
grade students first worked on training their both
respective agents really well. They then chose the one
agent they thought was best trained to play on the one
side. On the other side, they placed ‘the very good com-
puter’. Then, they let those two – i.e. one of the agents
plus the very good computer – play collaboratively to
see if they would reach ‘high score’ on the number of
points. Another illustration is the following:

(14) Mary in an excited tone: ‘Pia, let us put my agent
here (on my side), and then you and me play together and
see if we can beat her!’

Quite frequently, the students chose one of their
agents to play against the computer. The agent played in
‘try-and-be-guided’mode, and the two students assisted
or guided the agent together. Likewise, the two students
frequently played together against the computer.

An observation that we at first found surprising, even
intriguing, was the frequent occurrence of the two stu-
dents in a pair together training both students’ agents –
rather than following the approach that ‘I train my
agent, you train yours’. More than half of the students
spontaneously engaged in such collaborative training of
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both of the agents, one at a time. The following three
examples illustrate this kind of engagement.

(15) Susan: ‘Bert, your agent is really not as good as
mine – let’s teach it together!’

And they let Bert’s agent play (in try to get OK mode)
against the computer, with Susan and Bert guiding and
teaching the agent together.

(16) While her playmate David was having extra math
with special teacher in another room, Lucia was playing
herself. Lucia: ‘I’ll surprise him! I will teach his agent to
become really good.’

(17) Anders did not want to play but just sat and
watched. Rebecca, his playmate, therefore trained both
her own and Anders’ agents. Later on during the session,
Anders joined again, and they let his agent play against
the good computer: Rebecca: ‘your agent is good
Anders!’Anders (in a grateful tone): ‘Yes he is, thanks to
you!’

Although we at first were surprised by this behav-
iour, we later agreed that the reason that this arose
spontaneously is probably because of the students’
experience of playing computer games for entertain-
ment. In these games, there seems to be a frequent
practice for groups of children to take turns with each
and every character in order to collaboratively make
them all rise in levels and boost their performance
(personal observations).

There was collaboration between students also in the
modes without TAs. They talked with each other about
what they were doing, discussed choices and gave
advice to each other (e.g. ‘why don’t you choose
that one, it is much better because [. . .]’). But the agent
modes seemed to induce yet more discussion and
talking. The reason for this, we think, is that the agents
are perceived as social actors (Reeves & Nass 1996) to
‘talk to’ and about. Generally speaking, the level of
engagement in the game, in terms of excitement and
focus, appeared to increase with the introduction of the
agent modes. A preliminary conclusion is that the expe-
rience of the TAs as social entities boosts knowledge
development, because of both TAs requiring the stu-
dents to teach them and by increasing students’ engage-
ment in the game. The experience of a TA as a social
entity may, however, also downplay the knowledge
development aspect, as in the following example:

(20) Alex had for various reasons not made enough
effort in training his agent (e.g. because of lack of
patience). His agent did not play well and lost a number

of times against his playmate’s agent and against the
computer. At first, Alex looked a little concerned, but
then he said, relieved and with a happy smile: ‘The most
important thing is not the outcome; the most important
thing is that the agents are having fun!’

General discussion

Does the game function according to designer inten-
tions? The empirical data, from which illustrative
examples have been presented in this article, contain
plenty of evidence indicating that there is such a match.
The grounding from spatial relations to more abstract
mathematical representations seems, overall, to work
well. The guiding of student’s attention generally seems
to function and to help them develop an understanding
of the content area. The pedagogy of teaching someone
else – one’s TA – seems to encourage reflection, which
in turn boosts understanding. Finally, collaboration is
well afforded by the game and seems to lead to
increased understanding. However, in the selection of
examples, there is a predominance of instances that
point towards mismatches rather than matches between
game practice and pedagogical principles. This is partly
because of our selection being biased for pragmatic
reasons: Space is limited, and it is more interesting to
discuss mismatches because they bring in novel infor-
mation that can be useful for a redesign of the game in
question. But another reason is that it is more difficult to
find clear examples that illustrate a match between
playing practice and one particular pedagogical prin-
ciple than to find examples of corresponding mis-
matches. (When all seems to work well, it is hard to
pinpoint why.)

We do have a body of observational material that
together with log data and a comparative study A. Gulz,
P. Lindström, B. Sjödén, L. Pareto and M. Haake
(unpublished data, as referred to above, p. 16) indicate
that the game as a whole works quite well as educational
game for learning arithmetic.9 And yet, in spite of this
overall positive picture, we have pointed to a number
of mismatches with regard to the four pedagogical
principles.

In our view, this boils down to a general take-home
message from our study. It is intrinsically difficult on the
part of a designer of educational technology to foresee a
mismatch between her pedagogical intention and actual
student practices. Brief user testing in laboratory set-
tings will not give a comprehensive picture of the
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technology in use. Certain mismatches between
designer intentions and student practices require close
observations of actual use during an extensive period of
time.

In example 2, we found a girl who did not compre-
hend a number card in the intended way with coloured
squares representing different magnitudes. Instead, she
counted them as they were of equal magnitude, indicat-
ing that she did not grasp the fundamental representa-
tional links of the game. The line between keeping
relevant information in the game explicit for students
without making it too obvious poses a challenge to the
designer. Allowing students to explore the representa-
tions is crucial, but there should be enough support to
make important information available for all. In this
case, the design challenge may be to find a way of sup-
porting the implicit representation in a more substantial
way, e.g. by strengthening the connection between dif-
ferent colours and their respective meaning of 1’s, 10’s,
100’s and 1000’s.

Example 5 featured a pair of students who focused on
an insignificant feature of the animation, which could
lead them to creating an erroneous model of what sub-
traction is.

Some situations were found where students did not
perceive the process of reflection as positive. Instead,
they thought that the TA’s questions were a form of pun-
ishment. On the basis of discussions with the students, a
solution would be to visualize the progress of the TA by
indicating its current proficiency level. (Additionally,
the adequacy of the student’s answer to the TA might be
indicated in some way.)

Another challenge is what to do with seemingly posi-
tive students who have not yet realized that it matters
how they teach their agent. Recall Didrik from example
7. He seemed very eager to play and compete with his
TA. However, perhaps because of his difficulties in both
Reading and in Mathematics, he ignored to read the
alternatives and seemed not to realize the connection
between answering questions correctly and improving
the performance of his TA. One solution could be to
provide a version where the alternatives are shown with
the graphical representations instead of with words.

Plenty of collaboration between students was
observed. An interesting feature was the creativity chil-
dren showed in inventing new forms of playing, not
straightforwardly supported by the current interface.
What we see when they, for instance, take turns to train

their respective agents is in a sense an exploration of
possibilities to use the game in order for their TAs to
become as good as possible.10

Generally speaking, it is obvious that with a game
with so many degrees of freedom, it is impossible to
foresee what a curious and inventive child would like to
do and will do in a game. Therefore, we think that a
question that is good to keep in mind and to pose now
and again is: ‘Which game are they really playing now?’
and try to approach this in an open-minded way. We will
end with an illustration of what we mean by this:

(21) Rose had been training Alex’ agent as well as her
own (probably in order to be fair, and because Alex
himself was passive). But then after a while, Alex
exclaims: ‘But no, oh no! I want my agent to be incompe-
tent, I want to have the most incompetent agent, a really
lousy one!’Researcher: ‘Yes sure, you can do that’.Alex:
‘Yes you can – Because you can lie to someone.’

Here, Alex was probably referring to the fact that he
would have to intentionally select answers to his agent’s
questions that were incorrect. An interesting side of this
‘anti-game’ (i.e. from the perspective of designers and
teachers) is that in order to train an agent to be very
incompetent, one must know all correct answers in order
to avoid them, so in this sense,Alex’s ‘anti-game’would
fulfil the designers’ pedagogical intentions anyway.
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Notes

1The plan is for the authors to be engaged in the next iteration of the game in

question.
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2When we use game in singular, we refer to the entire game, which includes a

large number of different board games.
3In line with related conceptualizations such as Diene’s or Cuisinaire’s rods.
4We infer both on the basis of the students’ behaviour and what we were told by

teachers and headmasters – that playing the math game during class did not rep-

resent an exceptional situation of interference. In fact, students were quite used

to having other adults than the teachers present in the classroom for special guid-

ance during certain classes. This strengthens our case for having explored

authentic classroom practice.
5It should be pointed out that for other kinds of questions, the match between

visual display and working memory was no problem.
6One student commented: ‘I would want real boxes that look empty and are

filled, not those boring arrows’.
7In a separate study, reported elsewhere, we studied the same pairs of students in

the two conditions playing the game with and without a TA in order to pinpoint

the effect of the TA.
8This being the case although it is a ‘real-time medium game’. Our conclusion,

opposing Greenfield (2009, p. 71), is that whether reflection is encouraged or

not depends on the design of a learning material – not the medium.
9This collected material contains (i) the observation that children quickly, with

very little guidance, set out to play the game; (ii) to the indication from log data

that students chose cards in a non-random way and progressed over time both in

their own play against the computer and in teaching their agent to play the games

better; and (iii) the result that the third graders who played the game showed sig-

nificantly larger improvement from pre-test to post-test scores than did the

control class (reference, in preparation).
10It would be interesting to see if their enthusiasm in exploring game possibili-

ties would still be present in a future version where more modes of playing were

suggested from the beginning.
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