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Abstract: We designed the Khipu Master game to support several 5" grade Common Core math-
ematics standards related to the base-10 number system. Taking the design from its starting
point, we are using design-based research methods to refine both the design and the assessment
instruments through a series of iterations. We have finished conducting a pilot study on basic el-
ements of the game and a feasibility study on the first iteration, and are in the middle of collecting
data for a comparison study on the second iteration. So far, gains on the pre/post assessment
appear to have increased modestly after the first iteration.

Introduction

In the Khipu Master game, 5"-grade students arrive in pre-colonial Machu Picchu, Peru and progress toward their
goals by learning to use a historical base-10 positional number system as an alternative representation of the
modern standard base-10 number system taught in grades 1-5 (Brezine, 2011). Khipu were an Inca system of
record-keeping which made use of a number system directly analogous to our natural numbers, storing numbers
as knots in strings. Khipu were even used to depict multiple relationships across sets of data using string grouping,
color, and other traits (Ascher & Ascher, 1981).

This highly contextualized alternative representation of the concepts underlying the targeted math standards al-
lowed us to structure our assessment of student learning in the game into three levels of increasingly formal
learning outcomes (Hickey & Jameson, 2012). Engagement in learning is documented by informally interpreting
the patterns of student gameplay, and then the written artifacts generated in the game. Understanding is assessed
using “curriculum-oriented” performance assessment items aligned to game concepts in the primary and sec-
ondary targeted standards. Gains in achievement are measured with “standards-oriented” test items aligned to
the primary targeted standards. In Khipu Master, engagement is measured in a mid-game written response to a
reflective prompt, while understanding and achievement are assessed in pre-and post-tests.

Theories of situativity and apprenticeship have been applied to many educational games (Barab et al, 2007), and
are central to our design choices in Khipu Master. In this study we are focused on whether we can use evidence
from assessments before, during, and after gameplay to adjust design and assessment elements based on these
theories in a way that improves outcomes in subsequent iterations of the game. Our design intent is for the inter-
active khipu to be an affordance for students to test their base-10 assumptions in a new context (Greeno, 1991).
The khipukamayoq takes players on as apprentices, and in that role scaffolds the use of khipu, gives automated
feedback depending on student actions with the khipu and, with the help of the teacher, targeted feedback on
student written reflections within the game, eventually welcoming players as khipu masters themselves (Lave and
Wenger, 1991).

Methods

For each implementation, before and after the implementation, students complete a mathematics assessment
before and after playing the game. The assessment included ten “curriculum-oriented” items that assessed their
knowledge of based ten in the context of the khipu problems. These items are “proximal” in that they are a relative-
ly direct assessment of the skills the students were expected to learn in the game in the context they were learned.

The assessment also included ten “standards-oriented” items that assessed knowledge of base ten in conven-
tional test contexts, drawn randomly from released test that were aligned to two targeted standards but unrelated
to any particular curricular context. These items were “distal” in that they required students to transfer their new
knowledge in a context that was different than the context in which they learned it. These items predict whether
the knowledge students took away from the game is likely to impact achievement on high-stakes test items that
are aligned to the targeted standard.

The assessments were completed online, and two different versions of each assessment were developed by mak-
ing minor changes in the item values. Counterbalanced forms of each were administered and the assessment was
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completed online the period before beginning gameplay and the period after gameplay was completed.

We conducted a pilot implementation in a small number of classrooms, and used the result to update the design
of the game, narrowing its focus to a few closely related standards, and expanded the scaffolding of conceptual
elements of those standards. We tested this iteration in a larger feasibility study. After the feasibility implementa-
tion (of the first iteration), we adjusted the amount, style, and timing of feedback from the master khipukamayoq
character.

Learning Results from the Feasibility Study So Far (first iteration)

Scores on the curriculum-oriented assessment increased from 3.06 to 4.81. This gain of 1.73 points was statisti-
cally significant [F (1, 15) = 21.0, p <.001] and very unlikely to have occurred by chance. Given a pooled standard
deviation of 1.62, this gain of 1.73 points represented a gain of 1.06 SD, which just exceeded the threshold of 1
SD that is generally needed to consistently yield a statistically significant “echo” on a corresponding standards-ori-
ented achievement test. As shown in Figure 1, the gains were very similar across the five teachers. This suggests
that it is the designed and enacted game, rather than the way the game was taken up by the various teachers,
which was responsible for the learning outcomes.
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Figure 1 (a: Proximal Curriculum-Oriented Items, b: Distal Standards-Oriented Items)

Scores on the standard-oriented assessment increased from 4.06 to 4.37. This gain of .29 points did not reach
statistical significance [F (1,15) = 0.8, p = .38. Given a pooled standard deviation of 1.9, this gain of .29 points
represented a gain of 0.15 SD. A gain of this magnitude may or may not reach statistical significance with a larger
sample size. Examination of scores by teacher shows gain in all classrooms, with somewhat larger gains in Mr. R
and somewhat smaller gains in Ms. D. This may well represent chance differences.
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