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a b s t r a c t

Educational software in which the student takes the role of teacher and instructs a digital
tutee e a so-called teachable agent e has repeatedly proven to have positive effects for
school children's learning. In a study with 39 preschoolers aged 3:9 to 6:3, we explored the
conditions under which children this young would benefit as well from this kind of
educational software. We specifically investigated to what extent children of this age
group would be able to reason about and reflect upon the actions of their digital tutee, and
to what extent they would enjoy an educational game centered around instructing and
helping a digital tutee. Results revealed that preschoolers were quite capable of reasoning
and reflecting upon their digital tutee. This was rather surprising, since the results of a
standardized false-belief test did not indicate this level of mentalizing capabilities in the
group as a whole. The results also indicated that the preschoolers, like older children, were
interested and engaged in this kind of game that involves instructing a digital tutee.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

A teachable agent (TA) can be described as a digital character in the role of a digital tutee, incorporated in educational
software. The basic idea is that the human student takes the role as teacher in order to instruct the TA (Brophy, Biswas,
Katzlberger, Bransford, & Schwartz, 1999). In essence, such software is a digital implementation of the pedagogical
approach learning by teaching (LBT), known at least since the time of the Roman Empire in the form of docendo discimus (Latin:
“by teaching we learn”) ascribed to Seneca the Younger.

After fifteen years of research and development resulting in a large body of literature, the pedagogical power of LBT-based
software (hence LBT-software) has been well established, both with respect to learning outcomes and to motivational effects
(Chase, Chin, Oppezzo, & Schwartz, 2009; Lindstr€om, Gulz, Haake, & Sj€od�en, 2011). An additional pedagogical advantage in
this digitalized approach for letting learners benefit from acting as teachers is that all students, including the less skilled and
those with low self-efficacy, can comfortably take the teacher role.
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All studiese generally class room studies over a number of weeks, where students have used LBT-software and taught a TA
repeatedly e have, however, thus far been conducted with school children from 8 years of age and older. This article rep-
resents an extension to include preschoolers, age 4e6. The powerful pedagogical effects seen for older children provide a
reason for investigating whether this kind of software can have positive pedagogical effects for younger children too.

Yet there are three reasons for questioning that LBT-software will have positive pedagogical effects for preschoolers. The
first regards their ability to focus. Profiting from LBT-software requires a capacity to maintain attention on a TA, but this re-
quires a certain developmental level with respect to executive functions such as inhibitory skills (Sarter, Givens, & Bruno,
2001) and executive functions are considerably less developed in preschoolers than in school children (Best & Miller,
2010). A previous study (Axelsson, Andersson, & Gulz, 2015) using the same LBT-software as in the present study, howev-
er, showed that a majority of the 4- to 6-year-olds were quite capable of focusing on their TA in spite of experimentally
introduced visual distractions on the screen, such as a ball rolling by or an airplane flying in the air. In addition, the children
were significantly less distracted during TA action than they were after TA action. This selective inhibition of distractions
increased the likelihood that the children would attend to educationally important features of the game. Notably, many
children seemed impatient in situations where their TA was acting and they themselves were restrained to observing, but in
spite of this, the children kept focus on their TA.

The second reason for doubt is whether children this young can sufficiently understand the role of a TA and the idea of
instructing it. The third reason for doubt is the uncertainty whether preschoolers will show engagement instructing a TA.
These two latter reasons for doubte not yet investigatede are addressed in the present study with the overall goal to explore
whether it is pedagogical meaningful to initiate the use of LBT-based software in preschool.

1.1. Educational benefits of LBT-software for school children

1.1.1. Increased engagement
There is evidence that LBT-software draws on socio-cognitive mechanisms that increase engagement. School children

seem to take responsibility for their TA's learning and show considerable engagement in instructing and interacting with
them (Chase et al., 2009; Lindstr€om et al., 2011). In the study by Chase et al. (2009), 10e11 as well as 13- to 14-year-olds spent
more time on learning activities when their task was to teach a TA compared to when learning for themselves, referred to as
the prot�eg�ee effect. The study also provided evidence that the 10- to 11-year-olds attributed mental states and responsibility to
their TAs. Furthermore, Chase et al. (2009) suggest that an ego-protective buffer mechanism explains why students seemmore
motivated to discuss failure and non-success when working with a TA; instead of the student bearing the full burden of a
failure, the responsibility can be shared between the TA and the student.

1.1.2. Improved reasoning abilities and conceptual understanding
Students aged 9e10, who used LBT-software scored significantly higher on tests targeting conceptual understanding in

math compared to a control group (Pareto, Haake, Lindstr€om, Sj€od�en,& Gulz, 2012). In contrast to students in a control group
who used standard methods of instruction, 9- to 10-year-olds who used LBT-software managed to learn to reason about
hierarchical relationships and inheritance in taxonomies (Chin, Dohmen, & Schwarz, 2013). According to Piagetian theory
(Piaget, 1964/1993) children of this age are too young e cognitively not sufficiently mature e to learn to reason about hi-
erarchical relationships. While the control group receiving standard instructions supported the Piagetian stance, the study by
Chin et al. (2013) showed that the result is context dependent, since childrenwho used the LBT-based digital game were able
to learn these modes of reasoning.

1.1.3. Supporting the development of metacognition
Results from several studies indicate that the central educational phenomenon of metacognition, or reflecting about

thinking, can be boosted by LBT-software. Chin et al. (2010) showed that 10- to 11-year-old students reflected extensively on
their TAs' thinking and accuracy, and subsequently applied metacognition to their own understanding. Likewise, results from
a study with 8- to 10-year-olds indicate that LBT-software encouraged the students to reflect on their TAs’ actions (Lindstr€om
et al., 2011).1

1.2. Will preschoolers too be able to profit from LBT-software?

The body of research exemplified above provides rich evidence of the educational benefits of LBT-software for school
children aged 8e14, and motivates an investigation of whether 4- to 6-years-old preschool children too can benefit from LBT-
software.

As already stated, one basic requirement for a child to profit from LBT-software is the capacity to pay sufficient attention to
her TA, evenwhen other things e events on the screen or in the environment emay compete for attention. Here, contrary to

1 It should be noted that all the studies mentioned in Sections 1.1.1 to 1.1.3 involved software with intrinsic pedagogical values. Yet this pedagogical value
was significantly increased when a TA-module was integrated with the software.
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