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Abstract. What-If Hypothetical Implementations using Minecraft (WHIMC) is 

a set of Minecraft worlds that learners can explore to learn more about science, 

mathematics, engineering, and technology. Because Minecraft is open-ended by 

design, assessing whether students are learning is always a challenge. In addition 

to using methods such as post-tests and self-reports, how can we use in-game 

data to measure learning?  In this paper, we analyze and compare American (US) 

and Filipino (PH) learner traversals and in-game observations against canonical 

answers from experts to determine the extent to which students achieved the de-

sired learning outcomes and the ways in which outcomes varied. We grouped 

students into high- and low-performing categories based on an out-of-game post 

test. We found that high-performers tended to make more observations than low-

performers. Observations of high-performers tended to align with canonical an-

swers.  Many PH students tended to be low-performers and tended not to make 

in-game observations. In contrast, even low-performing US students tended to 

record observations actively.  
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1 Introduction 

The What-If Hypothetical Implementations using Minecraft (WHIMC) project is a set 

of Minecraft worlds that learners can explore as supplementary activities to learn more 

about science, mathematics, engineering, and technology. It logs both the ways in 

which learners traverse these words and the observations that learners make during their 

explorations. 

When engaging learners in open-ended environments such as Minecraft, assessment 

is always a challenge: How can we determine whether students are learning and what 

they have learned? Educators use a variety of well-worn assessment methods, e.g. pre- 

and post-tests [7] self-reports [1, 4] and teacher or researcher observations [1]. In recent 

years, more and more researchers are examining game logs, sometimes in conjunction 

with out-of-game assessments, to measure learning.  

In this paper, we analyze game logs of American (US) and Filipino (PH) learner 

traversals and observations in order to assess whether learners achieved expected learn-

ing outcomes and to determine ways in which outcomes varied.  We first organize the 
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observations into word clouds, taking into account the context in which the observa-

tions were made. We then compare canonical answers from experts against answers 

from (1) All students, (2) High-performing and low-performing learners and (3) US and 

PH learners 

2 Review of Related Literature 

To guide our analysis, we drew on prior work regarding WHIMC, word clouds, and 

map exploration archetypes of [6]. As WHIMC logs all student activity and all obser-

vations that students make, we organized student observations made in WHIMC into 

contextualized word clouds and compare student answers with canonical answers from 

experts.  

Word clouds or tag clouds “are visual presentations of a set of words, typically a set 

of tags, in which attributes of the text such as size, weight or color can be used to rep-

resent features (e.g., frequency) of the associated terms” [3]. By displaying text data in 

graphical form, word clouds help readers surmise the gist of a text quickly [5].  How-

ever, word clouds are only useful for quick looks and cannot replace careful analysis of 

student responses.  It was therefore necessary to group observations by location before 

creating the word clouds, a process that will be discussed further in the section on the 

Word Cloud Visualization Tool. 

Finally, to interpret the traversal patterns of the students, we referred to the four map 

exploration archetypes of [6] and attempted to operationalize some of these archetypes 

in the logs that we analyzed. 

3 Data Collection 

The demographic details of the respondents are shown in Table 1. High- and low- 

performers were determined using out-of-game assessments [2].  The observations data 

of these groups were considered in the analysis. 

Table 1. Summary of demographic details of respondent groups. 

Group Inclusive Dates Total Year Level / Subject Age range # Observations 
US 1 6/28 - 7/2, 2021 10 Grade 5 Science 11 - 14 y/o 110 

US 2 7/12 - 7/28, 2021 11 Grade 5 Science 11 - 14 y/o 53 

PH 1 8/27 - 9/15, 2021 16 Grade 6 Science 11 - 14 y/o 291 

PH 2 9/29 - 10/2, 2021 24 Grade 5 Science 10 - 13 y/o 102 

4 Results and Analysis 

The observations were organized into word clouds using a custom visualization pro-

gram written in Python. 
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Using the custom visualization tool, eighteen (18) comparison attempts were made 

across 6 WHIMC maps and 3 performance categories (high-, average- and low-per-

formers) for a total of 108 comparison attempts. Upon analyzing the 44 successful at-

tempts, we find that: 

High-performing students make more observations. When there were insuffi-

cient observations for the K-means clustering, the visualization was not generated. 

Hence, we see that making more observations across all maps visited is characteristic 

of high-performing students. Low-performing students fewer than average number of 

observations or no observations at all. 

Observations of high-performing students matched the canonical observations 

from experts. Most of the observation matches occur in comparisons where the high-

performing students were included. The matching observations were mostly from the 

high-performing group. 

High-performing students tend to wander. A comparison between the perfor-

mance categories within each data set was. It is noted that for each comparison, there 

are more wanderer clusters generated by the data coming from the high-performing 

group. Wandering around the Minecraft map and making observations beyond the 

prompts of the NPC seems characteristic of high-performing students.  

Low-performing students from PH did not make any observations. None of the 

low-performing students from PH made any observations as opposed to the low-per-

formers in the US data who all made observations. We speculate that active observa-

tion-making, might be an indicator of positive performance.  

5 Contributions and Future Work 

This work contributes to the literature in at least two ways. First, we contribute a tool 

that helps cluster and visualize word clouds and maps them onto the contexts from 

which the data was generated. This context can help with their interpretation.  Second, 

we perform a cross-cultural comparison of data from two different populations, US and 

PH, using the same game-based learning environment, teasing out some of the similar-

ities and differences between these populations.  

In summary, high-performing students from the US and PH made the most in-game 

observations and that these observations tended to match the canonical observations 

from experts. US and PH high-performers tended to exhibit more wandering or moving 

around the map without a defined destination or purpose.Low-performers tended to 

make fewer observations in general. However, low-performers from the PH set did not 

contribute any observations while those from the US data set actively recorded their 

observations.  The observations from low-performers from the US tended to match the 

canonical answers.  

The differences between these groups may have been a function of differences in the 

way WHIMC sessions were introduced and conducted. US learners were asked to listen 

to 10-minute lectures that were specifically about the WHIMC worlds they were about 

to explore. The PH students were introduced to WHIMC, but preparatory lessons lead-

ing up to the explorations tended to be more generic, e.g. a lesson on making 
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observations or a lesson on ordinal numbers. WHIMC served as a backdrop or context 

against which students demonstrated knowledge of these concepts. 

We would like to see how we can leverage on word embeddings libraries to merge 

or combine synonyms or related words, rather than treating them as unique and would 

like to further investigate the types of observations made by low-performing students. 

The data suggests that low-performing students who actively record their observations 

still manage to produce quality outcomes. However, more data is needed to validate 

this finding. 

Finally, we hope to continue the cross-cultural comparisons we began in this study. 

WHIMC gives us a unique opportunity to capture and study the behaviors of US and 

PH learners within the same learning context. Investigating these differences may give 

us more insight about how to best use environments such as WHIMC to support learn-

ing goals in culturally appropriate ways. 
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