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Abstract
Think-aloud protocols and eye-tracking studies have been
shown to be valuable tools to evaluate different systems,
such as websites, software, or games. Some first studies
also suggest the combination of eye-tracking and
think-aloud protocols to gain deeper insights in usability
and design issues. The outcomes of this combined
evaluation approach are often used to give feedback to
design strategies. However, this combined evaluation
approach is scarcely integrated in the design process. In
this paper we explain how eye-tracking combined with
think-aloud protocols can be used to redesign user
interactions with an existing system with the goal to
integrate game design elements and gamification
strategies. This approach can be used already in early
application stages to design and such systems before the
integration of the main game design elements. In a first
experiment, we use the outcomes of the combined
evaluation approach to make first design decisions for
gamification strategies. First findings indicate that a
combination of think-aloud protocols with eye-tracking
can give insights in the design of proper tasks goals and a
fitting feedback design.
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Figure 1: User’s gaze is
displayed as circle.

Figure 2: Visualization of the
user’s gaze path.

approach to add gamification elements to systems, in this
case an educational physics simulation.

Introduction

Eye-tracking with Think-aloud for Designing
and Testing Gamification

Designing an engaging and well balanced gamification
system and understanding the users interactions and their
experience is a challenging task. In literature we find
different frameworks and approaches to implement
gamification strategies. However, only a few methods to
research the success of these frameworks and the user
interaction with the elements are mentioned. One
successful strategy to study the user behaviour is the use
of think-aloud protocols. For think-aloud protocols, users
are asked to share thoughts and feelings loudly while they
are performing specific tasks to test the system. The data
is collected by noting or recording what users say while
testing. These protocols provide user insights through
explanations and reasoning while working with the tested
system[2, 11].

Different data sources can be used to test gamification
strategies. While think-aloud (TA) protocols are a
well-known and widely used method to evaluate such
systems, eye-tracking (ET) is not wide spread in this field.
However, in particular the combination of the qualitative
data provided by TA and quantitative data from ET can
provide new insights in the user’s behaviour, their
expectations towards the (gamified) system, and
wrong-placed or missing information or elements. In the
next section we describe the two evaluation forms,
think-alound protocols and eye-tracking in more details
with focus on the aspects, which are relevant for
gamification design decisions. After that how the
combination of these two evaluation methods can be used
to iteratively design gamification systems.

Eye-tracking tests can deliver additional data to help
uncover different usability and design issues [4, 8]. Recent
research also uses eye-tracking to test the design of
computer games [10, 5, 6], but also to measure factors
such as engagement and motivation [9]. However, we find
only little literature on evaluation strategies to test and
enhance gamification design.

Think-aloud Protocol
Think-aloud protocols are used to observe the users and
get qualitative feedback of their behaviour and thoughts,
while they are using the system. The user is motivated to
constantly talk about his experience while completing
different tasks. Users’ thoughts on different gamification
strategies and game design elements can be discovered.

In this paper, we describe and discuss eye-tracking
combined with think-aloud protocols to iteratively
implement and enhance gamification systems. This paper
makes two main contributions. First, we explain a
best-practice setup for combining think-aloud protocols
with eye-tracking studies to test system, which either are
or can be gamified. Second, we describe potentials of this

Eye-tracking
Eye-tracking can shed additional light on the users
behaviour and can be used to identify what users see on
screens, but also what they are missing.
• Live Eye Gaze: Live gaze videos show the user’s
gaze in real-time. With these videos, gamification

designers can analyse the users intention and their
behaviour and in particularly the areas of the screen,
where users would expect specific interactions, such
as new tasks (see Figure 1).

Figure 3: TEALsim - an
educational physics simulations
toolkit.

Figure 4: The setup of the room.

• Quantitative data: Using the quantitative data (e.g.
fixation counts, dwell time, or revisits) different
visualisations can be created. These include the
sequence of actions illustrated as scan paths (see
Figure 2), heat maps to illustrate the interest
towards areas of interest, and similar plots. This
information can be used to make aware of unnoticed
areas and wrong or needlessly complex user
interactions.
Iterative Gamification Design
The above described evaluation strategies cannot only be
used to test existing gamified systems, but also to design
gamification strategies for already implemented systems.
In [7] an iterative gamification strategy to design
pedagogical gamified science simulations is introduced
and explains how to integrate game elements into existing
simulations. As main gamification element this strategy
uses a constant challenge-feedback loops. This requires
the designed to design interesting challenges, and to
identify points and activities that trigger feedback.
Feedback can be provided with different game elements,
such as rewards or points.
By analysing the users’ input and behaviour during
different tasks in ET and TA evaluations, specific points
to integrate challenges and feedback elements can be
identified.

Methodology
In a first experiment we involved capturing and comparing
data of both, an eye-tracking and think-aloud setup, to
integrate gamification strategies in an educational physics
simulation. The system, which is advanced with this
iterative gamification design strategy is a version of
TEALsim1 , a simulation-toolkit for pedagogical physics
simulations (see Figure 3). Based on the gamification
strategy introduced in [7] the system should be enhanced
with different game design elements. The main motivation
to gamify such simulations is to create engaging learner
experiences. Thus, the main purpose of this process is not
to create an engaging physics simulation, but rather to
engage learners’ to use and learn with the simulation.
This makes is necessary not only to measure engagement
and usability, but also learning progress.
The Setup
Participants
In this setup 6 participants (2 female) between 23 and 32
years old (M=25; SD=3.44) were tested. One of these
participants was tested for a pilot test and was not
included in the analysis.
Apparatus and Setup
For the test setup two laptops are required. One laptop
runs the tested software and is used by the test
participant. A second laptop is required to capture the
eye-tracking data. A microphone, a webcam to record
facial expressions of the participant, and an external
camera is used to capture body expressions are required.
Figure 4 illustrates the setup. Eye tracking was performed
with the SMI eye-tracking system2 . The eye-tracker was
1 http://web.mit.edu/viz/soft/visualizations/tealsim/
2 http://www.smivision.com/en/gaze-and-eye-trackingsystems/home.html

connected to the second laptop.

Figure 5: Sequence diagram of
user interactions.

Experimental procedure
Participants are briefed about eye-tracking, think-aloud
protocols, and the experiment. A pre-questionnaire is used
to get demographical information, and briefly test the
current field knowledge (in this case basic
electromagnetism). During the test, the probands are
asked to speak-out-loud their thoughts while testing the
system. In this case, the users were asked to answer five
different learning questions while working with the
simulation software. The questions were on different
pages of the learning management system, which
integrated the simulation software. After the test the
probands were asked to give a first impression and
overview of the system. After the test, the participants
filled-out a post-questionnaire with focus on engagement,
learning progress, and usability. To measure usability, the
standardised questionnaire SUS[1] was used. We used the
science motivation questionnaire (SMQ) to measure the
learners’ motivation[3]
Analysis and Iteration
The think-aloud data and the eye-tracking data are first
analysed separately. Afterwards, particular user events and
experiences can be mapped and required actions to add,
update, or change gamification strategies or elements can
be identified. This information can be used as starting
point to integrate challenges (tasks) or feedback. One
example of identified need for action can be retrieved from
the user interaction sequence diagram (Figure 5). This
diagram illustrates the interaction of one proband with
different parts (simulation and simulation elements,
questions and answers 1-5) of the system over the test
time. Why the lower part of this diagram refers to the
different simulation elements, the upper parts illustrate

the questions. As can bee seen in the graph, in particular
for question 5 the proband’s gaze was swapping a lot
between the question and the simulation. The
thinking-aloud protocol in this case also suggests that the
user had problems answering this question, what could be
reduces by enhancing the feedback behaviour of this
section. Another example of identified need of actions is
the direct relation of user gaze data and the
thinking-aloud protocol data. After reading questions,
users were often missing important points at the
simulation. Also in this case, informative feedback loops
can help suggesting the user, if he is on the right way.
Such identified points can be used as starting points to
introduce gamifcation elements. In this case, breaking
down the questions into smaller tasks and integrating an
action-feedback loop is a first step towards a gamified
system.

Discussion and Outlook
Thinking-aloud protocols allow to learn about the user’s
experience while they are working with the system.
Eye-tracking can provide additional insights in the user’s
behaviour and can in particularly identify what users see
on screens, but also what they are missing, and where
they are missing elements. These insights can be used to
iteratively integrate gamification elements into an existing
system in an efficient way. Users’ behaviour is an indicator
how to design challenges and where to provide feedback
(either in an assisting and assessing way) In this paper we
discuss this combined ET and TA evaluation strategy to
(a) iteratively design gamification systems, and (b) to test
existing gamification systems.
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