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ABSTRACT 
Research into the use of both commercial and custom video games to assess individual 
differences, like personality, of players has revealed promising results. Virtual 
environments can allow researchers to analyze a variety of player behaviors and actions 
that correlate strongly with inherent personality traits. What is less understood is how an 
assessment game’s mechanics might affect a player’s inputs that determine the 
assessment’s validity. In this study, we developed a custom game and logging framework 
for an online study assessing the reliability and validity of transferring a traditional 
personality questionnaire into a game environment. The game was played by 212 college-
aged participants in one of three conditions. The conditions represented different levels of 
game mechanics; including enemies and point earning. Using results from a traditional 
personality assessment as our ground truth, we compared player responses and play 
behavior in the game. We found that responses between the traditional assessment and 
game-based assessment in all conditions were consistent, indicating that the game 
mechanics did not interfere or alter significantly a player’s ability or decision to make 
personality-based responses. Additionally, we found several gameplay behaviors that can 
be used as predictors of individual differences. 
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INTRODUCTION 
Video games have expanded beyond their origins as pure entertainment and found 
themselves a promising means for a variety of purposed applications, like cognitive 
training (Basak et al. 2008; Nouchi et al. 2013), pain control therapy (Hoffman et al. 
2008),  and learning (Shute et al. 2009). Another area of promising research for games is 
in assessment.  

There are many types of assessments that are employed to measure performance, 
knowledge, skills, beliefs and attitudes of individuals and groups. Traditional assessments 
are often pen-and-paper based (e.g., multiple choice) tests, though many are now taken 
digitally on a computer. Some of these assessments, like personality inventories, have 
been administered for decades or longer and there exists a wealth of knowledge into their 
reliability and validity. However, traditional assessments also pose some limitations. For 
example, traditional assessments can introduce unnecessary stress to the test-taker leading 
to responses that are inaccurate reflections of the person’s knowledge or traits (Sarason, 
1961; Zatz & Chassin, 1985). Relying on self-report questionnaires, common for 
personality inventories, can invite test-takers to over-exaggerate certain qualities of 
themselves to appear more desirable (Holtgraves, 2004; Paulhus, 1984). Additionally, 
traditional assessments are often limited by their very format in measuring certain 
domains (e.g., providing limited response options to measure a person’s creativity; 
Kaufman et al. 2007). 

The assessment research literature has long studied the impact of motivation on 
performance (Finn, 2015; Pintrich & DeGroot, 1990). Unmotivated or unengaged 
examinees may rush through the questions, answer randomly, or disengage before the test 
is complete; this lack of motivation particularly influences the outcome of “low stakes” 
tests (Wise & Kong, 2005). An analysis of 25 sets of comparisons found an average 
effect size of 0.59 standard deviations difference in group means between motivated and 
unmotivated examinees (Wise & DeMars, 2005). Games, on the other hand, present an 
interesting opportunity to benefit from the wealth of knowledge that has gone into 
traditional assessment design, while also potentially solving some of the limitations that 
exist for traditional tests. Recent games user research has indicated promising results that 
games can be employed as engaging and accurate means of assessing cognitive and non-
cognitive measures of individuals (Levy et al. 2015; Spronck et al. 2012; Tekofsky et al. 
2013). 

As interest in assessment games increases, there is a growing need to understand the 
design of scientifically valid and accurate assessment games. Currently, what is lacking 
from this research body is a further understanding of the reliability and validity of game-
acquired results on measured variables, as compared to the same variables measured in a 
traditional format. Additionally, research is needed into what effects, if any, a game and 
its mechanics might exert over a player’s measured variables. Games present rich and 
engaging environments from which researchers can capture an abundance of player data. 
However, to make accurate assessment games we must first understand how the game 
might alter someone’s ability or choices in response making that can be used to assess the 
player. 

In this study, we examine the differences between results from a traditional assessment of 
personality and game-based results using a custom game that these authors developed, 
called Bubble Trip.  
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RELATED WORK 
Most research into assessment games has centered on looking for relationships between 
results on traditional assessments and game play behavior. In particular, a lot of research 
has focused on looking at how gameplay behavior correlates with individual differences, 
like the personality of the player. Personality can be considered an outward expression of 
one’s stable attributes. The most popular model for describing these attributes is the five-
factor model (Wiggins, 1996). The five factors include Openness to Experience, 
Conscientiousness, Extraversion, Agreeableness, and Neuroticism. Each factor is made of 
constituent sub-facets, or traits. For example, Extraversion is made up of other qualities 
including assertiveness, gregariousness, and excitement seeking behavior (Goldberg, 
1999; Matthews et al. 2003). 

An advantage of using a game to measure player personality is that a virtual world can 
provide a rich environment for a player to express a variety of different behaviors. 
Ideally, the unique types and chains of choices, responses, and behaviors a player makes 
should indicate something about themselves and their personality. Additionally, 
traditional personality inventories are most often administered as self-report via pen-and-
paper. Test-takers wishing to represent themselves in a more positive light have no 
trouble taking advantage of the test’s wording and choosing the answers that seem more 
desirable. An assessment game, however, has the potential to hide the assessment within 
the game play. This technique of “stealth assessment”  (Shute, 2011; Shute et al. 2009) 
obfuscates what is being measured and prevents players from attempting to over-
represent themselves. 

One of the largest-scaled studies examining personality links with game-play behavior 
was conducted by Tekofsky et al. (2013), and compared results from the IPIP Big Five 
personality test  and game play statistics from Battlefield 3 (EA, 2011). Over 13,000 
participants’ game-play data was analyzed against their traditionally collected answers 
from the personality test. These authors found a number of correlations between play 
style and personality, concluding that player personality does manifest in the way a 
person plays a game. For example, they found the personality dimension of 
Conscientiousness (proclivity towards self-discipline and achievement outside of external 
expectations) to be a predictor for action speed within the game. 

Promising results for linking personality dimensions with gameplay variables has been 
demonstrated for a variety of commercial games, including Neverwinter Nights 
(BioWare, 2002; van Lankveld et al. 2011) , Fallout 3 (Bethesda Game Studios, 2008; 
Spronck et al. 2012), and World of Warcraft (Blizzard, 2014; Drachen et al. 2014). 
Thanks to the increasing partnerships between research groups and game companies, 
researchers have access to analyze more player data than ever before. 

Research has proven promising in linking gameplay behavior to personality in non-
commercial games, as well. The benefit to researchers creating their own games is that 
they can contrive specific situations and settings to try to elicit certain kinds of behaviors 
and gameplay that might be most helpful for assessing the player.  Levy et al. (2015) used 
a custom-built game, Food for Thought, and its in-game logging capabilities to look for 
relationships between scores on a cognitive multi-tasking assessment, Big Five Inventory 
44-item (BFI-44) personality test, and an assessment of college students’ academic 
behaviors developed by ACT, Inc. (i.e., ACT Engage). The number of level retries 
initiated by a player was found to be the variable with the most associations with the 
other traditional assessments. For example, higher scores in the BFI-44 dimension of 
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Agreeableness were found to be associated with lower numbers of retries. Additionally, 
higher numbers of retries were correlated with higher scores on the Math component of 
the cognitive multi-tasking assessment, and lower scores on ACT Engage for the domains 
of Self-Confidence, General Determination, and Study Skills. This study presents 
promising results in linking game-play behavior with both cognitive and non-cognitive 
traits of an individual. 

STUDY DESCRIPTION 
Research has established that game-play behavior has the potential to assess certain 
dimensions of personality. However, what is currently less known in the literature is how 
the very format of a game meant for assessment might affect a player’s responses. We 
hypothesize there are two main kinds of effects a game might potentially exert on a 
player and the ability to scientifically correlate their play behavior with measures of 
individual differences. First, the game mechanics themselves likely present some noise 
affecting a player’s skill and ability to complete tasks within the game. Second, the game 
itself could affect the player’s internal state, like their positive or negative affect, and 
thereby change behaviors that might be used to assess them on some dimension of their 
personality.  

The motivation of this research is to investigate how a game and its mechanics might 
influence a person’s responses to personality inventory questions presented within the 
game. Our research goal was to see what effects, if any, on question responses that game 
elements like score collecting, character navigation, and enemy avoidance might exist. To 
do so, we administered an assessment of personality in a traditional format and used those 
responses as a “ground truth” for that individual’s personality. Then, participants 
answered these same questions within a game environment that included varying types of 
game mechanics. We examined the differences in these responses to gain some 
understanding of the game-based assessment’s reliability and validity. We also performed 
analyses to see what personality traits might be predictors of game-play behavior and 
strategy.  

METHODS 

Materials 

Personality Inventory 
We used the 60-item version of the HEXACO Personality Inventory – Revised  to 
measure player personality in its traditional format (Ashton & Lee, 2009). The HEXACO 
is based on the five-factor model of personality but includes slightly different 
descriptions of the five original domains, and introduces a sixth. The domains measured 
by this inventory are Honesty-Humility, Emotionality, Extraversion, Agreeableness, 
Conscientiousness, and Openness to Experience.  

The game 
Bubble Trip is a game designed by a collaboration of computer scientists, game 
developers, graphic artists, and psychologists between an academic and corporate 
research organizations. Bubble Trip is the result of extensive prototyping and playtesting 
with the goal of creating an accurate and engaging assessment game. This game is 
designed to work simultaneously as an assessment tool and a playable game, allowing the 
player to choose which activity they wish to engage in without breaking the flow between 
either. In Bubble Trip, players control a fish in a single-screen marine environment that 
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can swim in all directions.   

At the top of the game interface are a series of shells with iconography corresponding to a 
five point Likert scale questionnaire (strongly disagree, disagree, neutral, agree, strongly 
agree, see Figure 1). The HEXACO question text is displayed at the top of the screen 
with the Likert shell choices below. To answer a question, the player controls their fish to 
touch one of the shells, which opens the shell to reveal a sand dollar. This serves as a 
means of selecting the answer. To confirm the answer, the player must swim into the 
shell and collect this sand dollar. This served as confirmation of that answer. The 
interface was specifically designed to require two discrete actions by the player to 
complete a question in order to reduce accidental answers. The sand dollar was chosen as 
the inner collectable to be as neutral as possible in a game context versus a collectable 
that projects value such as a pearl, coin or gem. As previously mentioned, all design 
decisions were informed by a significant playtesting process with our target users. 

        

Figure 1: Bubble Trip Gameplay. The counter in the 
upper left displays how many questions are remaining 
while the upper right counter shows how many bubbles 
have been collected. 

Below this shell interface is a free area that the fish may freely swim in. Three conditions 
representing three different levels of game mechanics within Bubble Trip were presented 
to participants in this study. In the full game condition, bubbles spawn from the bottom 
of the screen randomly, floating towards the top. For every bubble that the player 
touches, they receive a point (reward). Jellyfish also periodically float horizontally across 
the screen. Touching a jellyfish (adversary) stuns the player momentarily to disrupt 
movement, but does not cause any reduction of score. Game goals were left to be as 
player-driven as possible in order to allow for different play-styles to emerge.  

In the environmental effects condition there are no explicit rewards or adversaries, but 
the player may still engage with basic game mechanics. There are no jellyfish. Bubbles 
are present and can be collected, but the player does not receive points for collection. In 
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the questions-only (control) condition, neither bubbles nor jellyfish are present leaving 
the player to fully concentrate only on answering the questions, via the same fish 
controls.  

During a game session, all actions initiated by the player are logged using a lightweight-
logging framework, named Gloggr, written specifically for this project. Gloggr logs a 
number of variables including time durations for all stages of question answering (e.g., 
how long for a player to approach a shell, how long to select the answer, how long to 
confirm their answer), if a player changed their answer, as well as number of jellyfish 
collisions and bubbles collected. Gloggr also gave us the ability to log the 2D position of 
the player in the game space and to later create heat maps showing how different players 
utilized different areas of space within the game. 

Participants 
The data come from 212 mostly college-aged participants (55% female, 45% male) 
between the ages of 18 and 58 (85% of participants between 18 and 21 years) that 
completed both the traditional and game versions of the HEXACO. Most participants 
were white (53%), followed by Asian/Pacific Islander (21%) and Other/NR (15%). There 
were similar numbers of participants in each experimental condition (Table 1). 
 
Table 1:  Number of Participants 
 
Condition N % 
Full 70 33 
Environmental 80 38 
Control 62 29 
Total 212 100 

 

PROCEDURE 
This study was completed entirely online and took no more than 30 minutes for a 
participant to complete. Links to the study website were distributed to students at four 
colleges. Participants first encountered an online consent form where they were informed 
of their rights should they engage in the study. Students could then opt to either, 1) take 
surveys and play the game with their data anonymously sent to researchers or 2) not take 
the surveys and play the game without their data sent to researchers.  

Those participants that chose to participate in the study completed a demographics 
questionnaire and the HEXACO 60-item inventory through the online survey host, 
Qualtrics. Participants were then prompted to play the game and an instructions scene for 
Bubble Trip was displayed (see Figure 2). The website randomly assorted players into 
one of the three conditions; 1) the full game condition, 2) environmental effects 
condition, or 3) the questions-only condition. 
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Figure 2: The Bubble Trip instruction screen displayed 
to players in the study. Instruction cards for game 
elements were only displayed if those elements would be 
present in their selected condition. 

After playing the game and answering the 60 HEXACO questions within it, participants 
concluded their time commitment in the study.  

OBSERVATIONS AND RESULTS 

Validity of game-based answers 
 
Did examinees answer game questions seriously? 
 
To investigate whether examinees may have been answering carelessly, we investigated 
how many times examinees provided the same response within each response category 
(e.g., did they answer “strongly agree” to everything), and also compared their average 
responses for items worded positively to items worded negatively that are reverse-scored:  
if they are not paying attention, they may answer “strongly agree” to two questions that 
contradict one another, such as:   
 

“When working on something, I don't pay much attention to small details.” 
“People often call me a perfectionist.” 

 
Examinees were flagged if the difference between their forward-scored and reverse-
scored items was extreme; if the absolute value of Student’s t greater to or equal to 10, or 
if the standard deviation across items was less than 0.5, or if examinees answered more 
than 80% of items using the same response category. 
 
Using these criteria, 17 students were flagged in the game, and 10 were flagged in the 
survey. There were no significant differences in the numbers of students flagged by 
experimental condition. These results indicate that overall, students appeared to take the 
survey questions seriously, in both the game and survey modes of administration. 
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Validity of Scores Obtained During Game Play 
 
Table 2 contains mean scores for the online survey and each experimental condition. 
There were no significant differences in mean scores obtained by experimental condition 
or by administration mode. 
 
Table 2:  Mean Scores by Administration Mode and Condition 
 

 
Online Survey Full Game Environmental Control 

Scale Mean SD Mean SD Mean SD Mean SD 
Honesty-Humility 3.3 0.6 3.4 0.6 3.3 0.6 3.3 0.7 
Emotionality 3.3 0.6 3.4 0.6 3.2 0.7 3.4 0.6 
Extraversion 3.2 0.7 3.2 0.7 3.2 0.7 3.2 0.7 
Agreeableness 3.2 0.6 3.2 0.5 3.3 0.6 3.1 0.6 
Conscientiousness 3.7 0.6 3.6 0.5 3.7 0.6 3.7 0.5 
Openness 3.5 0.6 3.4 0.6 3.5 0.6 3.5 0.6 
 
 
Cronbach’s alpha is a measure of the internal consistency of a set of test items, and is 
often used as a measure of test reliability in the social sciences (Webb, Shavelson, & 
Haertel 2006). It ranges from 0 to 1, with higher values indicating higher consistency in 
responses to the items within a scale. Cronbach’s alpha was reported on the HEXACO 
website for a sample of 1,126 college students , and for the purposes of this study is 
considered the gold standard for comparison. Table 3 shows the alphas reported from the 
website, compared to the survey version, and the game version, broken down by study 
condition. Cronbach’s alphas obtained for both administration modes and all three game 
conditions were comparable to those obtained by the HEXACO researchers. 
 
Table 3:  Cronbach’s Alphas for HEXACO Scales 
 

Cronbach’s Alpha 
HEXACO 

Researchers 
Online 
Survey 

Full 
Game Environmental Control 

Honesty-Humility 0.76 0.76 0.78 0.77 0.78 
Emotionality 0.80 0.74 0.77 0.80 0.79 
Extraversion 0.80 0.84 0.84 0.87 0.83 
Agreeableness 0.77 0.74 0.67 0.79 0.78 
Conscientiousness 0.76 0.77 0.78 0.82 0.75 
Openness 0.78 0.75 0.75 0.76 0.79 
 

Relationships between game-play behavior and the traditional 
assessment 
 
Time Spent Playing the Game 
 
On average, participants took 5.1 minutes to play the game (Table 4). There were small 
but non-significant differences in the time spent by experimental condition, such that 
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participants in the full experimental condition tended to take slightly more time than 
participants in the other two conditions. 
 
Table 4:  Game Play Time in Minutes 
 
Condition N Mean SD 
Full Game 76 5.5 1.9 
Environmental 86 5.1 1.6 
Control 72 4.9 1.7 
Total 234 5.1 1.7 
 
 
Participants took significantly longer to answer the first items of the survey (Table 5), 
presumably because they were orienting themselves to the game mechanics and learning 
how to answer the items. The times leveled out after the first three items.  
 
Table 5:  Average Time in Seconds to Answer the First Items 
 

 
Full Game Environmental Control 

Item Mean SD Mean SD Mean SD 
1 15.0 12.1 15.5 16.9 11.9 7.5 
2 14.2 37.9 9.7 6.3 8.6 7.6 
3 9.1 6.8 7.1 4.2 6.9 4.6 
4 5.9 3.3 5.1 2.9 5.4 3.5 
5 5.8 3.2 5.5 2.9 5.2 2.7 
 
 
Because participants took more time answering the first few items of the survey, the 
amount of time taken to answer specific scales is confounded with the extra time taken to 
answer the first items. Therefore, the time spent answering each item was standardized to 
have a mean of 0 and standard deviation of 1 prior to analyses. 
 
Across all three experimental conditions, time spent completing each scale was highly 
correlated, ranging from r = 0.67 to 0.90 for the full game condition, r = 0.63 to 0.89 for 
the environmental effects condition, and r = 0.40 to 0.87 for the control condition. In 
other words, some participants played quickly, some played more slowly, but individual 
participants seem to have played the game at a fairly consistent rate throughout the game. 
 
Was time taken to answer items related to scale scores? 
 
In general, the time spent answering items within each scale was unrelated to the scores 
obtained on that scale. However, several significant correlations emerged in the control 
condition. Table 6 contains the correlations between participants’ HEXACO scores and 
the time taken to answer questions within scales where the p-values were less than 0.10, 
and correlations significant at p < 0.05 are bolded. All of the correlations were positive, 
meaning that participants with higher scores on a given scale tended to take more time to 
answer items on another scale. It is possible that a greater number of significant results 
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were seen in the Control condition because there were no distractions or obstacles that 
may have impacted the time taken to answer the items in the other two conditions. 
 
It is interesting to note that most of the significant correlations found were related to the 
Emotionality, Openness, and Honesty-Humility scales, meaning that participants higher 
in these attributes tended to take longer to answer some of the items. 
 
Table 6: Correlations between HEXACO Scores and Time to Answer Items Within 
Scales 
 

Condition 
HEXACO 

Score 
Time to Complete 

Scale Correlation P-Value 
Full Game Extraversion Emotionality 0.22 0.05 
Full Game Openness Emotionality 0.20 0.09 
Full Game Extraversion Openness 0.20 0.08 
Full Game Openness Openness 0.21 0.07 
Environmental Emotionality Extraversion 0.18 0.09 
Environmental Emotionality Openness 0.25 0.02 
Environmental Emotionality Total 0.18 0.09 
Control Openness Honesty 0.21 0.07 
Control Openness Emotionality 0.25 0.03 
Control Honesty Extraversion 0.24 0.04 
Control Openness Extraversion 0.31 0.01 
Control Honesty Conscientiousness 0.34 0.00 
Control Honesty Openness 0.26 0.03 
Control Honesty Total 0.20 0.09 
Control Openness Total 0.26 0.02 
 
 
Consistency Between Survey Scores and Game Scores 
 
Across all three conditions, participants were highly consistent in their responses to the 
online survey version of the assessment and the game version of the assessment. Intra-
scale correlations ranged from 0.87 to 0.94 in the full game condition, 0.91 to 0.96 in the 
environmental condition, and 0.88 to 0.93 in the control condition. This is additional 
evidence that the scores obtained using the game version of the assessment are 
comparable to scores obtained using a traditional survey assessment. 
 

Were HEXACO Scales Related to Game Play? 
 
Numbers of Bubbles Collected 
 
Participants collected significantly more bubbles, both overall and within each of the 
scales in the full game condition than in the environmental effects only condition (see 
Table 7). 
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Table 7:  Average Numbers of Bubbles Collected 
 

 
Full Game Environmental   

Scale Mean SD Mean SD t-value p-value 
Honesty-Humility 10.2 5.2 6.5 4.4 4.93 < 0.0001 
Emotionality 10.0 4.5 7.0 5.1 3.88 0.0002 
Extraversion 10.0 4.9 6.9 4.7 4.10 < 0.0001 
Agreeableness 10.9 5.7 6.4 4.6 5.39 < 0.0001 
Conscientiousness 12.6 12.9 7.0 4.6 3.61 0.0005 
Openness 10.0 5.3 7.5 5.6 2.97 0.004 
Total 63.7 28.6 41.3 23.4 5.47 < 0.0001 
 
In the full game condition, there were no significant relationships between numbers of 
bubbles collected and scores on the six HEXACO scales. 
 
In the environmental effects condition, participants with higher Conscientiousness scores 
tended to collect fewer bubbles than students with lower Conscientiousness scores (r = -
0.24, p = 0.02). 
 
Jellyfish Collisions 
 
Jellyfish were only present in the full game condition. Table 8 contains the average 
numbers of jellyfish collisions, by scale and across the entire game. Participants collided 
with significantly more jellyfish while answering questions related to Conscientiousness 
than when answering questions related to Emotionality (t = 1.98, p < 0.05) and 
Agreeableness (t = 2.04, p < 0.05). 
 
Table 8: Average Numbers of Jellyfish Collisions 
 

 
Full Game 

Scale Mean SD 
Honesty-Humility 1.4 1.6 
Emotionality 1.2 1.4 
Extraversion 1.2 1.4 
Agreeableness 1.3 1.8 
Conscientiousness 1.9 2.8 
Openness 1.4 1.5 
Total 8.3 7.0 
 
 
In the full game condition, several significant relationships were found between numbers 
of jellyfish collisions and HEXACO scores. Participants with higher Extraversion scores 
tended to collide with greater numbers of jellyfish than those with lower Extraversion 
scores (r = 0.23, p = 0.049), while participants with lower Agreeableness scores tended to 
collide with greater numbers of jellyfish than those with higher Agreeableness scores (r = 
-0.23, p = 0.049). 
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Relationships Among Game Mechanics 
 
Participants in the full game condition who tended to collect more bubbles during the 
game also tended to collide with more jellyfish during the game (r = 0.33, p = 0.004), and 
in both the full game and environmental conditions, bubble collecting was highly 
correlated with the amount of time taken to play the game (r = 0.55, p < 0.0001 for the 
full game condition, and r = 0.61, p < 0.0001 for the environmental effects condition).  
Jellyfish collisions were also highly correlated with the amount of time taken to play the 
game (r = 0.70, p < 0.0001). These results suggest that some participants may have been 
more engaged with the game, spending time collecting bubbles and swimming around, 
whereas other participants may have been more focused on completing the task quickly, 
avoiding interacting with the game mechanics. 
 
Time taken to play the game was generally unrelated to participants’ HEXACO scores; 
however, in the environmental effects condition, participants with higher Emotionality 
scores tended to spend more time playing the game than those with lower Emotionality 
scores (r = 0.21, p = 0.049). There was also a potentially interesting, albeit non-
significant, relationship between Extraversion and total time spent playing the game in 
the full game condition (r = 0.20, p = 0.08). 
 
Item Response Changes 
 
Unlike a traditional paper and pencil survey, the game interface allows us to collect 
information about whether participants change their responses to items before making 
their final decision. 
 
As shown in Table 9, participants in the full game condition were significantly more 
likely to make one or more changes to responses during the game than participants in the 
environmental and control conditions (F = 3.22, p < 0.05).  
 
Table 9:  Proportion of Examinees Making One or More Item Response Changes by 
Scale and Condition 
 

 
Full Environmental Control 

Scale Mean SD Mean SD Mean SD 
Honesty-Humility 0.87 0.34 0.56 0.50 0.69 0.46 
Emotionality 0.84 0.37 0.66 0.48 0.53 0.50 
Extraversion 0.83 0.38 0.63 0.49 0.60 0.49 
Agreeableness 0.86 0.35 0.62 0.49 0.58 0.50 
Conscientiousness 0.93 0.25 0.65 0.48 0.65 0.48 
Openness 0.83 0.38 0.64 0.48 0.53 0.50 
Total 1.00 0.00 0.98 0.15 0.93 0.26 
 
On average, participants in the full game condition made significantly more changes to 
items than did participants in the other two conditions (F = 36.10, p < 0.0001), and this 
same pattern of significance held across all six HEXACO scales (see Table 10). 
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Table 10: Average Number of Changes in Item Responses by Scale and Condition 
 

 
Full Environmental Control 

Scale Mean SD Mean SD Mean SD 
Honesty-Humility 2.3 1.9 1.1 1.3 1.2 1.2 
Emotionality 2.5 2.2 1.3 1.5 1.0 1.1 
Extraversion 1.9 1.6 1.3 1.7 1.2 1.4 
Agreeableness 2.8 2.2 1.2 1.5 1.0 1.2 
Conscientiousness 3.0 2.5 1.2 1.3 1.4 1.6 
Openness 2.7 2.4 1.3 1.4 0.9 1.1 
Total 15.4 9.6 7.4 5.8 6.6 4.9 
 
 
Relationships between item changes and HEXACO scores 
 
Across the three experimental conditions combined, a significant relationship was found 
between Emotionality scores and the number of changes made to Conscientiousness 
items (r = 0.15, p < 0.05). In the full game condition, participants with higher 
Emotionality scores tended to make more changes to Openness items (r = 0.23, p < 0.05) 
and participants with higher Conscientiousness scores tended to make fewer changes to 
Conscientiousness items (r = -0.26, p < 0.05). 
 
In the environmental effects condition, significant relationships were found between 
Honesty scores and changes to Emotionality items (r = -0.29, p < 0.01), Extraversion 
scores and changes to Conscientiousness items (r = 0.23, p < 0.05), Agreeableness scores 
and changes to Honesty items (r = -0.23, p < 0.05), and Agreeableness scores and 
changes to Conscientiousness items (r = -0.24, p < 0.05). 
 
In the control condition, significant relationships were found between Agreeableness 
scores and changes to Emotionality items (r = 0.23, p < 0.05), Openness scores and 
changes to Agreeableness items (r = -0.25, p < 0.05), and Openness scores and changes to 
Conscientiousness items (r = -0.25, p < 0.05). 
 
Relationships between item changes and Bubble Collection 
 
Overall, the numbers of item changes were related to the number of bubbles collected (r = 
0.35, p < 0.0001), and to the number of jellyfish collisions (r = 0.38, p < 0.001). 
 

DISCUSSION 
The hypothesis of this study was that a carefully designed game-based assessment could 
not only engage the examinees but also provide a valid assessment result. In this study, 
we transferred the HEXACO personality inventory into a game that is easily accessible 
using a web-browser. Compared with other personality assessment studies, within a short 
period of time, we successfully attracted a large number of users (over 200) and collected 
the data about not only the assessment item responses but also the user behavior when 
they interact with the game. The aforementioned hypothesis was investigated by using 
this rich data set. As this was an initial effort at examining the administration of a 
traditional assessment in a gamified environment, we took an exploratory approach to the 
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study instead of formally specifying hypotheses about how the different administration 
conditions would compare. This allowed us to broadly examine multiple instances of 
examinee behavior, the results of which can be used to inform future studies. 

As we expected, the analysis showed that the more game elements added to the game, the 
more time a user played the game. There is a 12 percent increase in average playtime 
from the control condition to the full game condition. Additionally, the only differences 
between the environmental effects condition and the full game was the presence of 
jellyfish and a score counter; however, these features resulted in significantly greater 
numbers of bubbles collected. Although player engagement can be measured in a number 
of different ways, the time spent on the game and number of bubbles collected are 
arguably strong indicators of engagement. In this sense, we did observe that player’s 
engagement increased significantly. Another promising finding was that the results of 
several statistical and psychometric analyses showed that this gamified assessment yields 
comparable scores to the original HEXACO assessment, suggesting that the validity of 
the assessment was not compromised by the new modality.  

To our knowledge, this is the first study investigating the validity of a traditional 
assessment transferred into a virtual environment for the purposes of examining game 
mechanic effects on responses and engagement. However, some work has been done 
examining embedded questions into educational games in order to preserve feelings of 
presence, immersion, and flow (Frommel et al, 2015). While designing assessment games 
that match strongly with their traditional assessment “ground truth” counterparts is 
crucial, it is also very important to consider the appropriate design of a game like this. 
Many assessments of cognitive and non-cognitive variables can be tedious and long, 
resulting in many test-takers using inappropriate test-taking strategies. A properly 
instrumented game could help ameliorate this problem by providing a more engaging and 
immersive environment that motivates the test-taker, particularly in a “low stakes” 
situation. One of the most promising results from this research is that the “full game” 
condition yielded valid personality results for players, while also being the version that 
the players spent the most time with. The game elements of enemies and point collection 
did not appear to interfere with a player’s ability to choose a response or affect their 
decision-making in answering the Likert-based scale. The increased time spent on the 
full-game version also produced an extra advantage of having more opportunity for 
players to demonstrate different behaviors and strategies that could then be analyzed for 
relationships with personality. 

Besides the main hypothesis, the rich data collected by this gamified assessment helped 
us make some interesting discoveries. For example, in the control condition, a person 
with a high score in Honesty category is more likely to spend less time on questions in 
Conscientiousness category. While only preliminary, this finding suggests there is 
potential in pursuing further investigation into the relationship among the different 
categories in HEXACO and game behaviors.   

CONCLUSIONS AND FUTURE WORK 
The main focus of this paper was to establish the validity of results obtained from a 
gamified assessment, with some exploration of the relationships between personality 
characteristics and game elements. Game-based assessment is a hot topic, but with a few 
exceptions (e.g., Shute et al., 2015), most game producers have not provided validity 
evidence supporting the claims that their game is indeed measuring the intended 
construct(s). This study is one step in that direction. The results of this study show that an 
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assessment can be transformed into a game, and produce results comparable to a 
traditional assessment. Future studies validating the use of stealth assessment could use 
an embedded assessment as a ground truth on which to base validity claims. 

Future work is needed to further understand the relationships between player 
characteristics and game play, including further exploration of player position in the 
game, which was beyond the scope of this paper.  Also, because participants appeared to 
spend extra time during the first items orienting themselves to the game, it would be 
helpful if the game included a couple of warm-up questions so that the time spent 
answering items could be investigated in greater depth.  Additionally, while the results of 
this study are compelling, this line of research should be replicated across different 
assessments, game themes, game mechanics, and populations, to determine the extent to 
which these findings are generalizable. 
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