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ABSTRACT
This paper uses the novel approach of combining crowd-
sourcing, serious games and games with a purpose (GWAPs)
with eyewear frame fitting. It introduces a game which,
leveraging crowd judgements, aims to categorize faces by
shape and match these faces with suitable frame shapes to
create geometrical harmony and a visually appealing look.
The game has an educational component as playing trains
the player to discover frame to face mapping rules, which
makes it a serious game. Following GWAP design princi-
ples, the game uses motivation incentives to keep its players
engaged, including score keeping, high-score lists, skill levels,
timed response, positive reinforcements and randomization.
The game attracted a considerable number of players and it
generated significant results. Players identified the different
face shapes across the set of portraits and had a high agree-
ment level on face shape at portrait level. Game output also
shows a high agreement level on frames that are more suit-
able for specific portraits. Moreover, highly active players
were able to devise frame to face mapping rules and scored
significantly higher than non-players in a frame fitting test.
The game presents a high throughput in terms of volume of
problem instances solved per human hour. Further research
is necessary to increase the game level of enjoyability and
motivate players to play longer.

Keywords
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1. INTRODUCTION
For many of us, eyewear has become an indispensable ar-

ticle of our daily lives. According to [24], approximately
75% of adults use some sort of vision correction. About
64% wear eyeglasses, and about 11% wear contact lenses,
either exclusively, or with glasses. Some people wear glasses
to read, and others wear them to drive. Many people wear
eyeglasses part of the time and contact lenses the rest of the
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time. Some sunglasses are prescription, and some are pro-
tection from the sun or simply a fashion accessory, as frame
colors may be selected to match one’s mood or wardrobe
[12].

Eyewear frames are available in many styles and colors to
suit individual attributes. Looking for a suitable frame in
a physical store comes with the downside of limited choice,
while searching online can be very time consuming due to
the abundance of options. As a consequence, making the
right choice can be challenging for the eyewear seeker. Op-
ticians and shop assistants need to have a sense for what
eyewear to recommend to a person that walks into their
store. When asked, they usually go for the more popular
frames or brands. In reality, no frame is universally appli-
cable, just like one size of shoe cannot fit everyone. For
personal products, users are interested in whether they fit
their own bodies, not others’ [21]. Apart from applying the
right prescription (if necessary at all), the eyewear should
have a frame design that takes into account individual as-
pects such as the user’s physiognomy and age [26].

Although others have done work in this area, they fo-
cused on facilitating the search of customers by providing
them with a means to fit glasses. What they did not do is
actually provide customers with possibly good choices (rec-
ommendations), or they did not train assistants to provide
suitable recommendations. An assistant would learn these
skills over time (hopefully), but if we can train someone to
be good from day one of their employment, that would be
a significant gain to the industry leading to increased effi-
ciency and customer satisfaction.

This study fills this gap and aims to ease the customer’s
quest of finding a pair of frames that complements his ap-
pearance by training the skill of frame fitting for virtually
anyone who could benefit from this (particularly optical
store staff). Different characteristics of the lenses (strength,
tintness, layers) can also affect the look of the eyeglass wearer
(e.g. stronger lenses make the eyes look smaller), but this
study focuses on frame selection with an emphasis on frame
shape vs. face shape geometrical harmony.

An entertaining means to learning is offered by serious
games. This research discusses the design of a game aimed
at improving a person’s sense of telling which frame matches
which face. The research objective is to evaluate the skills
of players trained with this game and seek answer to this
research question:

Does usage of a frame fitting game lead to an
improvement in the player’s skill of frame fitting?

Ultimately, the goal is to provide customers with recom-



mendations automatically. We could leverage the human-
based recommendations resulted from playing the game in
training a machine learning recommender system for frame
fitting. In this sense, this research intersects with the fields
of crowdsourcing and GWAPs. Since crowdsourcing has
proven itself a useful solution in dealing with large amounts
of data [9], we propose to apply it to this field as well. In-
stead of having eyewear seekers dig through hundreds or
thousands of frame models, the task could be given to dig-
ital volunteers who have an interest in this activity. From
a different perspective, channeling the crowd’s time and en-
ergy into solving computational problems or training arti-
ficial intelligence algorithms in a fun and entertaining way
constitutes the basis of GWAPs [34]. As such, this research
is found at the intersection of frame fitting with crowdsourc-
ing, GWAPs and serious games.

The remainder of this work is structured as follows: Sec-
tion 2 highlights relevant literature used in designing the
game. Section 3 presents motivation and design decisions
that guide our frame fitting game and describes the setup
for evaluating training of game players in order to determine
the usefulness of our method. Section 4 enlists key results
of statistical analysis from game output and evaluation of
training. Section 5 is dedicated to interpreting the afore-
mentioned results, before concluding in Section 6. Ideas for
further extending the game and following up on the second
stage towards building a machine learning recommender sys-
tem are provided in Section 7.

2. RELATED WORK
This section first gives an overview of the related concepts

mentioned in the introduction; it describes the state of the
art for eyewear fitting and gives a short introduction about
the fields of GWAPs, crowdsourcing and serious games. Fur-
ther on, it presents templates, design guidelines and evalu-
ation strategies considered for the game introduced in this
paper.

2.1 Related Concepts
Substantial research has been done to increase the conve-

nience, satisfaction and efficiency of customers in locating
eyewear suitable for them. Most of these researches, as will
be detailed in this section, focus on giving the customer
a means to visualize how he would appear to others while
wearing the various types of eyewear available. It is then
up to the customer to search through various collections of
glasses and locate the most suitable pair. However, this can
be a very time consuming task and doing it alone may re-
sult in a sub-optimal outcome. In order to fill this gap, we
looked at techniques others have used when dealing with
large amounts of data, namely crowdsourcing and GWAPs.
Mastering the skill of frame fitting can be of added value for
professionals that work in optical stores. For this reason, we
want our game to have a learning component; therefore this
subsection also includes literature on serious gaming.

2.1.1 Eyewear Fitting
As online shopping is gaining ground over traditional shop-

ping, significant effort has been invested in developing sys-
tems and methods to shop for fitted eyewear frames elec-
tronically. In particular, [11] introduces a system that shows
how a person’s eyes would look if wearing a given choice of
eyeglass frames with lenses according to a prescription. De-

pending on the prescription, the person’s eyes appear larger
or smaller than without the lenses. As a whole, the system
supports a customer in trying on various eyeglasses, seeing
how he would look like wearing the glasses, and placing an
order. The system uses lifestyle information obtained from
the customer to filter the models of eyeglass frames it sug-
gests to the customer. Lifestyle is relevant to eyewear frame
selection, but we consider it secondary to shape compati-
bility, so it falls outside the scope of this study. All of the
elements of this system are physically collocated in a store
where the customer must go in person to electronically try
on the glasses and to place an order. This can be problem-
atic; assuming there are thousands of frames available and
a customer is using the machine, assistance is required to
narrow down the choices quickly.

In a similar research, [23] present a method for fitting eye-
glasses to a patient by taking pictures of the patient at one
location and transmitting those pictures to a remote location
where the pictures are examined by the eyeglass manufac-
turer to determine the shape and size of the patient’s head.
These measurements are then used to custom manufacture
the eyeglass frames. This method does not include capabil-
ities for showing the patient how he would appear to others
while wearing different pairs of eyeglass frames, but it makes
a step in moving the eyewear customization process outside
the shop.

Building upon this method, [6] introduces a system that
enables shopping from home for fitted eyeglass frames. A
customer visits a so called customer diagnostic location where
digital images of the customer’s head and face are acquired.
These images are later used to generate images of how the
customer looks like wearing the fitted eyeglass frames. What
differentiates this system from the previous one is that the
customer can try on eyeglass frames digitally at home and
order from home a pair of eyeglasses after having an oppor-
tunity to carefully consider many different frames.

A step further into offering a fully digital solution, the
eyeglass try-on simulation system [25] takes the portrait of
a person who is not wearing glasses as 2D image data and,
given the pupillary distance (the distance in millimeters be-
tween the centers of the pupils in each eye), composes this
picture with an eyeglasses frame image of choice, to display
a composite image, on which the eyeglasses frame is simu-
lated. This system is particularly interesting to us because
it requires little effort from the customer (who only needs to
provide a portrait online) to see how any frame would look
on his face.

One of the most recent and prominent developments in on-
line shopping for glasses was brought forward at the Mobile
World Congress 2012 by Texas Instruments [51]. In cooper-
ation with a French company called Total Immersion, they
developed an ”augmented reality (AR) virtual mirror” [52]
to virtually try on sunglasses from home. The augmented
reality application runs on handheld devices which have a
built-in camera and is going to be used by the eyeglass manu-
facturer Ray-Ban. The face-tracking software developed by
Total Immersion is also used by the French optical group
Atol on their website and in a mobile application (see Fig-
ure 1), allowing users to virtually try on eyewear in their col-
lection and see how it looks and moves to their face though
a realistic 3D application [35]. Although cutting-edge AR
technology is becoming available for trying on eyewear from
home, the hardware required makes it is a luxury many peo-



ple cannot afford, thus the eyeglass try-on simulation system
seems more suitable for our purpose.

In summary, different technologies are used to support the
users in trying on glasses from the comfort of their homes,
however, finding the right frame remains a laborious task,
and that is where games with a purpose and the related field
of crowdsourcing come into play.

Figure 1: AR mobile application to try on Atol eye-
glasses2

2.1.2 GWAPs
GWAPs are games that are designed to be fun but also

accomplish tasks that are easy for humans yet beyond the
capabilities of existing technologies. The idea is to channel
the billion of hours people around the world spend every year
playing computer games, into useful work [32]. In GWAPs,
people, as a side effect of playing, perform basic tasks that
cannot be automated. While playing, they simultaneously
solve large-scale problems, without consciously doing so [34].

GWAPs are nowadays applied to many areas, including se-
curity, computer vision, Internet accessibility, adult content
filtering and Internet search [32]. Related to these last two
categories, frame filtering could also benefit from a GWAP
solution. One approach would be to reduce the granularity
of this task to comparing two frames for a given portrait,
and ask the GWAP player to pick which frame creates a
more visually appealing look for the portrait subject.

In order to generate a large volume of results, GWAPs
rely on crowdsourcing.

2.1.3 Crowdsourcing
Crowdsourcing means leveraging the crowds to approxi-

mate expert judgements in solving a problem [14]. Crowd-
sourcing systems are used to accomplish a variety of tasks.
For example, the crowd may be invited to develop a new
technology, carry out a design task (also known as community-
based design [13]), refine or carry out the steps of an algo-
rithm (in GWAPs), or help capture, systematize or analyze
large amounts of data.

2Pictures taken from Total Immersion. http://www.t-
immersion.com/sites/default/files/mzl.clhuhrga.320x480-
75.jpg and http://www.t-immersion.com/sites/default/
files/mzl.khhicbzq.320x480-75.jpg

Our long term goal system involves crowdsourcing in the
sense that it uses the crowd’s best judgement to approximate
a fashion designer’s expertise. In addition to most GWAPs,
the digital volunteers are expected to pick up a useful skill
along the way, and be able to apply it outside the game
environment as well, the skill of frame fitting.

2.1.4 Serious Games
Games that fall under the category of “serious games” are

used for purposes other than just entertainment. If GWAPs
are explicitly designed to be fun and usually have no other
purposely designed added value for the player, serious games
support the players’ development of a number of different
skills [30] and allow them to experience situations that are
impractical in the real world for reasons of safety, cost, time,
etc. [3, 28].

Our system is a serious game in the sense that it sup-
ports the players in developing a skill for matching faces
and frames. Other games and associated literature were con-
sulted for inspiration and guidance in developing our frame
fitting game.

2.2 Game Templates
[34] introduces a GWAP model where 2 players partic-

ipate per session. Three templates were developed using
this model: output agreement, inversion-problem and input
agreement.

In output agreement games, the rule is to generate outputs
based on the same input. The winning condition is to have
a match between the lists of outputs of both players. The
ESP Game [37] and Matchin [48] are based on this template.
Matchin is particularly interesting for us because it provides
an interface where the partners are shown 2 images and are
asked to pick the one they like most. Matchin has produced
good quality results [49]. The same model can be applied to
choosing between two pictures of the same person wearing
different pairs of glasses.

In inversion-problem games, one player is the describer
and the other, the guesser. The winning condition is that
the guesser guesses the describer’s input based on the de-
scriber’s outputs. Verbosity [56] is based on this template.
In input-agreement games, the players try to find out if they
have the same input. They are instructed to produce out-
puts describing their inputs. Players see each other’s out-
puts. The winning condition is that players correctly guess if
their input is the same or different. These models seem less
suitable for our goal, but may be of interest in future ver-
sions of the system. For instance, inversion-problem could
be applied to guessing a person’s face shape based on indi-
vidual traits (broad forehead, strong chin line, etc.).

[5] introduces a single player GWAP model in which play-
ers are required to relate items to each other. For each
assigned relation the player is awarded a number of points.
The score in points is based on the degree of agreement with
other players. In addition to this scheme, the game shows
a tree that grows a leaf for every judgement that consents
with the majority decision. A full tree awards bonus points.
In this way, continuous attention to the game and the task is
rewarded. Further on, the game is divided into rounds of 10
judgements each. After each round, the task becomes more
challenging to create additional motivation for paying close
attention. While playing, the achieved points as well as the
player’s position in the highscore leaderboard are shown [5].

http://www.t-immersion.com/sites/default/files/mzl.clhuhrga.320x480-75.jpg
http://www.t-immersion.com/sites/default/files/mzl.clhuhrga.320x480-75.jpg
http://www.t-immersion.com/sites/default/files/mzl.clhuhrga.320x480-75.jpg
http://www.t-immersion.com/sites/default/files/mzl.khhicbzq.320x480-75.jpg
http://www.t-immersion.com/sites/default/files/mzl.khhicbzq.320x480-75.jpg


GeAnn [43] is based on this model. Awarding points based
on vote agreement with other players and using a highscore
leaderboard are ideas we found suitable in the context of a
single-player frame fitting game, and their exact adoption
will be detailed in Section 3.1.

Double-player models come with logistical complexity be-
cause an even number of players has to be active at any
given moment. This issue can be circumvented with pre-
recorded game plays [34], but due to time restrictions in
carrying out this research, we prefer to implement a single-
player type of game. As mentioned before, Matchin will be
used as a starting point in designing the interface for choos-
ing between frames. Further on we will explore guidelines
others have applied to designing successful games.

2.3 Game Design Principles
To attract people to invest the necessary time into knowl-

edge acquisition tasks, rewarding incentives and motivation
mechanisms are employed [27]. In support of this, [34] pro-
poses a set of techniques to make the games more enjoyable
while improving the quality of the output produced by play-
ers. Player enjoyment can be increased by using challenges.
Examples include (i) timed response - set time limits for
game sessions, and constantly display this time limit and
the remaining time to the player, (ii) score keeping - include
performance feedback and give bonus points for beating a
previous game score and completing all task instances within
the set time limit, (iii) player skill level - differentiate players
by ranks, i.e. from newbie to expert, (iv) high-score lists -
present a top of the hour, day or week, and (v) randomness
- i.e. random selection from all input sets or random player
pairing, as to keep the game interesting and engaging for
expert and novice players alike [19, 20, 34].

Output accuracy, in the context of duo player sessions
bot not only, can be ensured by (i) random matching of
players, (ii) player testing - randomly present players inputs
for which all possible correct outputs are already known, (iii)
repetition - do not consider an output correct until a certain
number of players have entered it, (iv) taboo outputs - for
problems in which many different outputs can be associated
with one input, such as labeling images with words, ensure
sufficient coverage of the output space using taboo or ’off-
limits’ outputs [32].

All techniques aimed at enhancing player enjoyability were
assessed as suitable in the context of a frame fitting game
and were adopted in our game. With regards to output
accuracy, one technique is applicable, namely repetition.

2.4 Game Evaluation
[34] proposes a set of metrics defining GWAP success in

terms of maximizing the utility obtained per human-hour
spent playing the game (computational efficiency). Accord-
ing to [34], the real measure of utility for a GWAP is a com-
bination of throughput and enjoyability, defined as expected
contribution.

Throughput is given by the average number of problem
instances solved, or input-output mappings performed, per
human hour. This accounts for variance in player skill and
changes in player speed over time as a result of learning [34].

Enjoyability is defined by lifetime play. The average life-
time play (ALP) is the overall amount of time the game is
played by each player averaged across all people who have
played it [34].

Therefore, the summary measure of GWAP quality (ex-
pected contribution) is the average number of problem in-
stances a single human player can be expected to solve by
playing a particular game, and is defined mathematically
by the product of throughput and ALP [34]. As reference
point, the ESP Game has a throughput of 233 labels per
human-hour and an ALP of 91 minutes [33].

Other aspects that may be considered in GWAP evalu-
ation are popularity and contagion (word of mouth) [34].
In measuring fun and game enjoyment [7, 10] suggest the
usefulness of self-report questionnaire measures.

The measures listed in this section will come up again
in Sections 4 and 5. Considering all literature reviewed in
this section, we will next outline key design choices of the
experimental setup.

3. METHODOLOGY
The research took place in two phases. First the frame

fitting game was developed in accordance to templates and
guidelines found in literature. Secondly, the effectiveness
of the game was evaluated. Game players (the experimental
group) and non-game players (the control group) were asked
to carry out a number of tasks testing expertise in frame fit-
ting and the performance of both groups was recorded and
later analyzed. This section will first discuss specific de-
tails related to game design, then describe aspects of player
training evaluation.

3.1 The Game: Try-on Eyewear
Building upon the templates discussed in Section 2.2 and

the guidelines discussed in Section 2.3, an online game titled
Try-on Eyewear was designed and programmed. The single-
player game, based on player output agreement, features
motivation incentives such as timed response, score keeping,
player skill levels, high-score lists and randomization and
ensures output accuracy by using repetition. These aspects
will be discussed in more details in the sections bellow.

The game was advertised by means of direct email and so-
cial media posts. On the landing page, visitors were teased
with a few words about the game and a sneak preview snap-
shot of one of the levels, and were asked to create an ac-
count. Account creation consisted of two steps. Firstly, the
participant was asked to fill in some demographic data about
himself. Secondly, he could choose a username and password
combination to use when returning to the website. Sample
screenshots from the game can be found in Appendix A.

3.1.1 Pre-Game Questionnaire
While signing up for the game, participants were inquired

about their age, gender, most recent educational qualifica-
tion, background, years of experience in using a computer,
years of experience in playing computer games, whether they
ever had eyesight related issues, whether they ever wore
glasses, the percentage of their family or friends that wears
glasses and whether they ever used eyeglass frame fitting
software. These are aspects we assumed might correlate
with player performance in the game. In addition, the email
address was requested to maintain communication with the
players outside the website as the research progressed.

3.1.2 Priming Effect
Harmony between faces and frames can be established us-

ing a number of parameters, as mentioned before, including



shapes, colors, rim style etc. This study uses one of these
parameters and keeps a constant value for the others. In par-
ticular, we focus on shapes and keep frame color constant to
black and rim style constant to full rim.

Players were not immediately instructed to focus on face
to frame shape mappings. Instead we used literature from
neuropsychology and designed the game using the priming
effect in which exposure to a stimulus influences a response
to a later stimulus [15]. As such, we first asked players to
indicate the face shape of people shown in portraits. Conse-
quently, players were shown two images of the same portrait
featuring two different frames. At this stage, unconsciously,
the player would be biased into making choices based on
shapes. To increase emphasis on shapes even further, play-
ers were eventually explicitly asked to focus on shapes and
identify and generalize face to frame mappings, which they
would later report.

3.1.3 Timed Response
The game was organized into rounds. Applying time re-

strictions to a game introduces challenge because it estab-
lishes an explicit goal that is not trivial for players to achieve
[19, 20, 34]. Goals that are both well-specified and chal-
lenging lead to higher levels of effort and task performance
than goals that are too easy or vague [18]. A good round
length supports a substantial level of data generation and
at the same time prevents player boredom or fatigue. To
this end, Gwap.com [46] uses 1 minute and 30 second long
game rounds with a countdown. Try-on Eyewear adopted
the same idea.

3.1.4 Skill Levels
As can be deduced from Section 3.1.2, the game featured

2 skill levels, namely Base Training and Frame Fitting. Pro-
moting to level two required a certain level of training from
the player in level one. During rounds at each level, a suc-
cession of problem instances were presented to the player.

In Base Training (see Figure 2), each problem instance
included a portrait and a set of 8 face shapes. The player
had to select the face shape that came closest to the face
in the portrait. The 8 face shapes used in the game were:
round, oval, pear (also known in literature as triangle, pyra-
mid or base-down triangle), inverted triangle (also known
as base-up triangle), heart, diamond, rectangle (also known
as oblong) and square. These choices were drawn from on-
line shops or expert sites that specialize in selling or giving
advice on eyewear [22, 39, 41, 53, 54].

In Frame Fitting (see Figure 3), a problem instance con-
sisted of two portraits of the same person wearing a different
pair of frames. The “frame fitting trainees” were asked to
pick which face to frame combination created a more visu-
ally appealing look. A set of 6 frames styles were used to
create the composite pictures, namely aviator, oval, rectan-
gle, round, square and wayfarer. These are the most widely
used styles on major specialized e-shops [38, 42, 44, 45, 47,
57, 58].

A database of 128 portraits was used in the game. The
database had a homogeneous coverage of face shapes and
varied in gender, race and age. All portraits were stan-
dardized according to the following criteria: head and neck
clearly visible (minimal accessories and hair pulled back),
forward pose, neutral or slightly positive facial expression.
Thus, 128 problem instances were available at the Base Train-

Figure 2: Sample instance at Base Training level
showing score: 40 points, time left: 1 minute and
1 second, face shape: round, layout of face shape
choices: (starting at top row left to right) pear,
round (selected), oval, square, heart, inverted tri-
angle, rectangle, diamond.

Figure 3: Sample instance at Frame Fitting level
showing score: 20 points, time left: 1 minute and 12
seconds, face shape: round, frame shapes: square
(left) and rectangle (right).

ing level, and 128 * C(6,2) = 1920 problem instances were
available at the Frame Fitting level (because for each por-
trait there are 6 frames being tried on, and each problem
instance comprises a random selection of 2 frames from the
total set of 6 frames).

3.1.5 Score Keeping & High-Score Lists
Another means to stimulating player engagement was score

keeping. Each problem instance required a vote (selection)
from the player. Votes were awarded positive, neutral or
negative points depending on the degree of agreement with
other players.

Therefore, at Base Training level, for each portrait p and
face shape set (fs1, ..., fs8), voting for the 1st highest ranked
face shape resulted in +10 points, the 2nd highest ranked
face shape resulted in +5 points, the 3rd highest ranked
face shape resulted in 0 points, the 4th highest ranked face
shape resulted in -5 points, and the 5th up to the 8th ranked



face shapes resulted in -10 points. Otherwise stated, the
player was awarded positive points for picking one of the 2
most voted face shapes for portrait p, and gradually zero
to negative points for any other pick. The aim of this was
to discourage random picks. We also assumed most players
that made educated guesses would end up voting for the
same 2-3 face shapes for portrait p. Furthermore, if several
face shapes held the same vote count, they were ranked the
same, and received points accordingly.

At Frame Fitting level, for each portrait p and subset (fi,
fj) of the frame set (f1, ..., f6), picking the most voted frame
resulted in +10 points, and picking the least voted frame
resulted in -10 points.

Each round started at 0 points, and the best round score
was saved per player at each level. To stimulate competition
and increase player enjoyment, the game homepage and the
game dashboard displayed a high-score list of the 5 best
round scores at each level. Scores were also used to provide
access to an upper level; to unlock the second level, the
player needed to score 150 points or higher in a round at
the first level.

Players received feedback after every round, either in the
form of compliments when a new round record was achieved,
or a new level was unlocked, or in the form of positive rein-
forcements to try again in case of a low score.

3.1.6 Randomization
Order effects were prevented by assigning each player a

random layout of the face shape set at signup. This layout
persisted throughout all Base Training sessions, helping the
player make quicker decisions once the position of the various
face shapes had been memorized.

Portraits were randomly picked from the collection. Since
inputs were selected at random, their difficulty varied, keep-
ing the game interesting.

At Frame Fitting level, after randomly selecting the por-
trait, another round of randomization was applied to select-
ing a set of 2 elements from the total set of 6 frame shapes.
These elements were then randomly assigned to the left or
the right composite picture displayed to the player.

3.1.7 Pilot Testing & the “Cold Start” Problem
To identify potential loopholes in system robustness but

also find out if the interaction design made sense to a new
player, 5 users were first asked to go through the flow of
work and attempt to cheat or crash the system at each step.
Consequently, the system was improved based on the users’
issue lists.

Since points were awarded based on what others had voted,
the game suffered from the “cold start” problem [16]. To
cope with this, the same 5 users were asked to play at their
convenience over a couple of days as to provide a significant
amount of starting data.

3.1.8 Post-Game Questionnaire
Players were encouraged to keep playing until they were

able to identify patterns in face to frame pairings. Next
they were asked to write down their findings and evaluate
the game.

In the game completion form, players were required to
submit at least 5 rules they came up with while playing the
game that map certain characteristics of a person’s face to
certain characteristics of eyeglass frames for a visually ap-

pealing match. An indication was made to consider shapes,
sizes or any other distinguishing features.

Game evaluation consisted of three blocks of closed ques-
tions using a 5-point Likert scale (where 1 meant “Strongly
Disagree”and 5 meant“Strongly Agree”) and one open ques-
tion for other remarks such as suggestions on how to improve
the system. The closed questions addressed system usabil-
ity, user experience and perceived skill development. The
questionnaire listing can be found in Appendix A.

System usability was rated using the System Usability
Scale (SUS) [1]. This questionnaire template, along with
Usefulness, Satisfaction and Ease of use (USE) [2] and Com-
puter System Usability Questionnaire (CSUQ) [17] are the
most widely employed industry templates for usability evalu-
ation [31, 29]. Unlike the latter two, SUS avoids the acquies-
cence bias by design. According to [4], people are more likely
to agree with a statement than disagree with it. SUS caters
to this by balancing positively-phrased statements with neg-
ative ones, while USE and SCUQ suffer from just this prob-
lem because every question in both of these questionnaires is
positively phrased, which means the results from them are
biased towards positive responding [55]. In addition, SUS
was found to be reliable and valid [50].

User-experience was measured in the second block of ques-
tions. For a quality user experience, [8] defines the following
goals a system should meet: satisfying, enjoyable, fun, enter-
taining, helpful, motivating, aesthetically pleasing, support
creativity, rewarding and emotionally fulfilling. In the post-
game questionnaire, these attributes were adjusted against
the acquiescence bias.

Lastly, the users were inquired about perceived changes in
task performance. They were asked to rate to what degree
they felt they had become faster (i.e. could find matches
faster), more effective (i.e. could find better matches) and
more confident (i.e. trusted their abilities) in judging if a
pair of eyeglass frames suits a person. Next, we will describe
how this skill was assessed objectively.

3.2 Training Evaluation
In the second phase, the game effectiveness in developing

the skill of frame fitting was evaluated using a control group
and an experimental group. The test was set up online. 24
hours prior to deploying the test live, the game was taken
down, as to avoid last minute play which can cause the par-
ticipants to underperform in the test due to tiredness, thus
having a negative impact on our results.

In addition, to ensure the evaluation ran as smoothly as
possible, a few days in advance a pilot test, a small-scale
rehearsal of the actual evaluation, was carried out with 2
users.

The evaluation consisted of three parts and had an overall
duration of 2-6 minutes (screenshots can be found in Ap-
pendix B). These parts will be detailed individually in the
subsequent sections.

3.2.1 Pre-Experiment Questionnaire
In the first step, participants were asked to log in or sign

up on the website. Players of Try-on Eyewear could log in
with their credentials (unless an active session cookie was
still stored by their browser). Non-players were asked to
fill in a questionnaire similar to the pre-game questionnaire,
which inquired demographic data and user affinity to com-
puter usage.



3.2.2 Scenario
In the second step, the participant was immersed into a

scenario and was asked to follow a set of instructions. Imag-
ine you are an optician. Clients are walking into your store
at every moment of the day asking your advice on what
eyewear frames complements their face. You look at your
shelves and need to make a quick pick what frame to recom-
mend to your client. Assume 2 pairs of eyewear are lying on
each shelf and you need to pick one of the two. Which one
will it be? In this experiment you will be helping 10 clients.

Each participant was successively presented with 10 por-
traits (different than those used in the game) and, in each
case, a set of two frame shapes (see Figure 4). To ensure
validity, the same pictures were used for each participant,
but the order in which they were presented was random-
ized. For each face, the participant was asked to quickly
match the face to the frame he found most suitable. The
same set of portraits (p1, ..., p10) and frame shapes (f1, ...,
f6) was used for all participants. The 10 tasks were divided
into 3 classes by level of difficulty: the first 4 tasks were
designed as “easy”, the following 3 as “average”, and the last
3 as “difficult” by using the face to frame pairing rules of a
frame fitting expert site [41].

Figure 4: Sample instance from the test showing se-
quence number: 5 out of 10, face shape: square,
frame shapes: square (top) and round (bottom).
Here, the expert choice is round because it balances
the strong jaw line and creates geometric harmony.
Square-shaped frames accentuate face angles.

Several precautions were taken against biases. To mitigate
order effects, tasks were shuffled at class level. Furthermore,
most Internet users spend less than one minute on average
on a website [36]. To cater for the short attention span on
the Internet, yet maintain statistical significance, we chose
to give each participant a number of 10 tasks.

3.2.3 Post-Experiment Questionnaire
After completing the test, the participants were asked to

rate on a 5-point Likert scale how clear and how easy they
thought the tasks were.

Since the test was Internet mediated, they were also asked
to specify whether they experienced any technical issues
while performing the test, which could compromise the re-
sults, and whether they had any other comments to make.
Results will be reported in Section 4.

3.2.4 Measures
The two groups were assessed in terms of:

• performance quality = the number of correct frame to
face mappings made by the participant, according to
matching rules defined by experts

• efficiency = the amount of time used to complete the
tasks

• score = performance quality divided by efficiency

By comparing the score of the control group to the score of
the experimental group, we could assess whether the game
indeed developed a person’s skill of telling which eyeglass
frames go well with a given face. Next, we will present the
results found by applying the methodology described.

4. RESULTS
This section presents a summary analysis of the database

entries recorded during game play and the evaluation ses-
sions.

4.1 The Game
The game was advertised by means of direct email and

social media. In the course of 7 days, 268 Internet users vol-
untarily signed up to play the game. The users were aged
15-61 (µ = 25, σ = 5.58), 56% were female and 44% were
male. 1/2 of the users were undergraduates and 1/3 gradu-
ates. 70% had a science-oriented background, and 12% were
arts-oriented. Computer usage experience ranged 1-37 years
(µ = 14, σ = 5.67), and computer game play experience
ranged 1-30 years (µ = 11, σ = 6.77). 60% of users reported
to have had eye-related issues, and the same percentage of
users wear glasses. On average, 33% of their relatives or
friends wears glasses (µ = 26.44), and only 3% of users were
familiar with eyewear frame fitting software.

The game was provided with a random and even input in
terms of categories. Game output presented an even distri-
bution of face shapes voted (µ = 12.5, σ = 3), with a pref-
erence for the square face shape and less votes for the pear
and oval face shapes. Among frame shape votes, rectangle,
wayfarer and oval were front runners, while round-shaped
frames were least preferred. Pie charts of vote distributions
can be found in Appendix C. With regards to vote agree-
ment, at portrait level, 3 of 8 face shapes covered 3

4
of the

total number of face shape votes on average (see Figure 5),
and 2 of 6 frame shapes covered 1

2
of the total number of

frame shape votes on average (see Figure 6).
66% of users reached the Frame Fitting level. Round

scores at either level show an upward trend per player, as
can be seen in Appendix C. The player best round scores at
Base Training level had a mean of 149 (σ = 72.5), which is
approximately equal to the threshold required to unlock the
second level. The player best round scores at Frame Fitting
level had a mean of 348 (σ = 153). On average, players did
3 rounds at first level and 1.5 rounds at second level. The
performance of players participating in the experiment will
be compared against these values.

In Section 2.4, we defined throughput as the average num-
ber of problem instances solved per human hour; the game
had a throughput of roughly 640 votes per human hour. The
average lifetime play, defined as the overall amount of time
the game was played divided by the number of players, was



of 7 minutes. Therefore, the combined function expected con-
tribution, defined as throughput multiplied by average life-
time play was 75 problem instances a single human player
is expected on average to solve by playing the game.

6% of the total players finished the game and submitted
the frame-to-face pairing rules they identified. Rules re-
peated more than once include angular face : rounder frame
(4), round face : square frame (4), round face : round frame
(4), angular face : angular frame (4), small face : small
frame (4), long face : narrow frame (3), round glasses are

Figure 5: Face shape vote agreement showing a 75%
agreement on 3

8
face shapes on average per portrait.

Figure 6: Frame shape vote agreement showing a
50% agreement on 2

6
frame shapes on average per

portrait.

to be avoided (3), square glasses suit a larger number of peo-
ple (3), long face : square frame (2). For a complete listing,
see Appendix C. Interesting user suggestions include pre-
senting a report with the mistakes made at the end of each
round, and expanding the game to include sunglasses. A
remark made was that it was better to go by the intuition
as stopping to reflect about rules resulted in lower scores.

In the post-game questionnaire, (after recoding negatively-
stated questions), the game usability was rated on average
3.84 (σ = 0.83) on a scale of 1 to 5 (where 1 means “Strongly
Disagree” and 5 means “Strongly Agree”), with the least
scoring question being I think that I would like to use this
system frequently and the best scoring question being I think
that I would not need the support of a technical person to be
able to use this system. User experience had on average a
score of 3.32 (σ = 1) on the same scale, with the least scoring
question being I think the system is supportive of creativity
and the best scoring question being I think the system is
satisfying.

Participants reported they felt they had become faster
(µ = 4.06, σ = 1.12), more effective (µ = 3.94, σ = 1) and
more confident (µ = 3.5, σ = 1.15) on a 5-point Likert scale
in judging if a pair of eyeglass frames suits a person, as a
result of playing the game.

4.2 Training Evaluation
The test had a sample size of 72, of which 45 were non-

players and 27 players.
In Section 3.2.4 we defined performance quality as the

number of correct frame to face matches made by the par-
ticipant according to rules defined by experts. Participants
guessed 4-9 correct answers (µ = 6.21, σ = 1.41) on a scale
of 1 to 10. In terms of efficiency, defined as the amount of
time used to complete the tasks, participants spent 19-125
seconds (µ = 47.5, σ = 21.6) in completing the 10 tasks.
The summary score, defined as performance quality divided
by efficiency, had µ = 0.151 and σ = 0.065.

Independent-samples t-tests were conducted to compare
performance quality, efficiency and score for non-player and
player conditions. No significant results were found. Further
investigation was carried out to find potential correlations
between player test scores and level of activity in the game.

By reducing the player group to players who completed
the game (by reporting frame to face pairing rules), there
was significant difference in score for non-player (µ = 0.147,
σ = 0.574) and player who completed the game (µ = 0.201, σ =
0.105) conditions; t(51) = 2.128, p = 0.038. The test output
can be found in Appendix D.

This group had µ = 223, σ = 40 best round score at
first level and µ = 436, σ = 78 at second level, and played
µ = 7.75, σ = 5.15 rounds, respectively µ = 7.62, σ =
5.24 rounds. These values are well above the overall player
averages presented in the previous section (see Table 1).

In the post-test questionnaire, participants assessed the
tasks to be clear with a mean of 4.6 (σ = 0.75) and easy
with a mean of 3.8 (σ = 1), on a 5-point Likert scale.

5. DISCUSSION
This section links the values presented above and discusses

them. A large number of web users voluntarily signed up
to play the game. This indicates that the game grabs the
attention of online users and has potential to reach a high
level of popularity and contagion among the crowds.



Avg. Score Avg. No. Rounds

Level Group A Group B Group A Group B

Base Training 149 223 3 7.75

Frame Fitting 138 436 1.5 7.62

Table 1: This table shows that Group A (play-
ers from the experimental group) performed better
than Group B (overall players) in terms of number
of rounds played and best round score.

Judging from the game output, players were able to dis-
tinguish all face shapes provided, could identify frame to
face mapping rules and had a high level of agreement on
what face shape a portrait represents and what frames are
more suitable for specific cases. Regarding the rules re-
ported by players, some of them contradicted each other
(e.g. round face: round frame vs. round face : square
frame) or they contradicted expert rules (e.g. users reported
angular face : angular frame, whereas experts recommend
that“square shaped faces should avoid geometric and square
shaped frames that accentuate angles of the face” [41]). This
can be attributed to players having a different taste, but also
to potential miscommunication of ideas. For instance, ex-
perts recommend that “most frame shapes work with oval
faces”. Since oval and round faces are quite similar (both
face shapes feature soft curves), players may have been re-
ferring to oval-shaped faces while writing round. This shows
a shortcoming of the rule reporting mechanism we employed.
However, this was already considered during the game de-
sign phase and we decided to purposely allow a high degree
of freedom in rule formulation as to avoid biasing the player.
As a consequence, players could express rules such as male
: square frame, female : round frame, wide chin : narrow
frame, large eyes : large frame, small eyes : small frame or
round frames are to be avoided, which give us good insight.
In addition, one of the players remarked that playing by
intuition resulted in more points than when consciously fo-
cusing on extracting and applying rules. This insight could
also explain the low rate of people who came up with rules
and reported them.

Looking at relative round scores per player, a learning ef-
fect was shown by increasing round scores (see Appendix C
for line graphs of performance over number of rounds played).
Moreover, the game was highly rated in terms of usability
and user experience, and players that completed the game
had a high level of confidence in perceived improved skills
as a result of game play. This shows promise that the game
actually trains the skill of frame fitting.

From the GWAP perspective, our frame fitting game (i)
presented a high throughput compared to the ESP Game
(introduced in Section 2.4), but (ii) a mediocre ALP. Other-
wise stated, (i) players generated a high volume of data per
human hour and (ii) they were curious to play a couple of
rounds and pass the first level but then most lost interest.
To tackle this, more complex levels should be developed or
other kind of rewards (e.g. financial) or stimuli (e.g. job-
related requirement) should be considered.

Regarding the test results, at first sight, players and non-
players performed approximately alike in terms of perfor-
mance quality and efficiency, with the players doing slightly
better. The lack of significant difference can be attributed
to the fact that many players did not train long enough as

to develop the required skills. For this reason, we decided
to align player activity within the game against test perfor-
mance. This way we found out that players who actually
finished the game performed significantly better in the test
compared to non-players. As a result of analyzing this sub-
class of players, we would like to hypothesize that players
need to play at least 8 rounds at each level for a learning
effect to take place. This hypothesis is supported by the
average number of rounds played by these players (see Ta-
ble 1).

We chose to disregard absolute round scores as an indica-
tor of skill level as, according to general feedback from the
players, high scores became more difficult to reach as more
data was generated. This was caused by the fact that in
time ranks became more differentiated and distanced. Be-
cause of the “cold start” problem, in the first days after the
game was released, most face shapes had equal ranks (at por-
trait level) or were only 1 or 2 ranks apart, which resulted
in null or positive points. A similar situation occurred for
frame shapes; since there are in total almost 2000 problem
instances possible, in the first days the ranks differed by only
0 or 1 points (at portrait level). This was mitigated to some
extend with the help of test users (who played exclusively
over the duration of 2 days), but the effects of the “cold
start” problem still reached into the experimental period. 5
days into the experiment players started complaining about
getting numerous negative points even when they had done
their best to give a good answer. This determined many
players to lose motivation and stop playing.

In reaction to this, for the last 3 days of the experiment,
the scoring scheme was shifted with 10 points from (-10,
+10) to (0, +20). The reasoning for this was that scores
are merely a motivation incentive for players, while the aim
of the game is to collect as many user judgements as pos-
sible and have the players train extensively. The prospect
of advancing in the high-score list at a much higher pace
determined many players to return to the website and play
again. In retrospect, second time around we would use an
all positive scoring scheme from the beginning, as it main-
tains a fair acknowledgement of effort (educated guesses will
amount to more points than random guesses) and it acts as
a motivator for players to keep trust in their intuition and
continue playing - which benefits our goal.

6. CONCLUSION
In conclusion, in this research we designed a game aimed

at improving the skill of frame fitting, by consulting relevant
literature on frame fitting, crowdsourcing, games with a pur-
pose and serious games. Consequently, game effectiveness
was tested using players and non-players. Players who com-
pleted the game and performed on average 8 rounds on each
level did significantly better in the test than non-players.
Based on this finding, we approve our hypothesis according
to which usage of our game leads to an improvement in the
player’s skill of frame fitting.

In the game, players had to vote what face shape a por-
trait represents and what frames are more suitable for spe-
cific persons. Game outputs show a high level of agree-
ment between players in choices made, which indicates that
game output can be used to compose human-based recom-
mendations to eyewear seekers. In a bigger picture, these
recommendations could be used to train a machine learning
recommender system in frame fitting.



Looking back, two lessons were learnt. Forcing people
to be conscious about the choices they made and formu-
late general rules is less preferable to extensively exposing
people to examples for developing the skill of frame fitting.
Apart from that, all positive scoring schemes as opposed
to zero-centered scoring schemes are better suited for game
situations which rely, to some degree, on subjectivity.

7. FUTURE WORK
In extension of our game, more levels should be added with

increased level of complexity as to maintain player engage-
ment. Elements to be introduced include frame attributes
such as rim style (full rim, rimless or semi-rimless) and col-
ors, and preferences of the person pictured in the portrait,
such as lifestyle interests and attitudes (trendy, conservative,
athletic etc.), brand and color likes / dislikes etc.

Working towards the next goal which is to provide eye-
wear seekers with a short list of frames most suitable for
their characteristics, for more refined results, statistical al-
gorithms should be added to the game such that the frame
selection set is reduced over time. Further on, to increase
output accuracy, player testing should be considered, where
initially, for a number of rounds the player is presented with
inputs for which the output is already known. Depending
on how the player performs in the trial period, the game
should include or disregard the player’s contribution. Game
output could consequently be fed into a machine learning
system that automatically extracts face features and classi-
fies frames accordingly. Such an automated solution would
save the customer time and potentially give an instantaneous
recommendation as opposed to having to wait for game play-
ers to generate data.

On a more general note, our research methodology can be
extrapolated to related fields such as clothing, body acces-
sories or interior design.
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APPENDIX
A. METHODOLOGY: GAME DESIGN

(a) oval (b) round (c) diamond (d) pear (e) square (f) rectangle (g) inverted
triangle

(h) heart

Figure 7: Face shapes

(a) aviator (b) oval (c) rectangle (d) round (e) square (f) wayfarer

Figure 8: Frame shapes

Figure 9: Try-On Eyewear Homepage. It shows a teaser to stimulate visitor curiosity, 2 high-score lists and
an indication of recent memberships. It offers the option to become a member (for new visitors) or log in
(for returning visitors).



Figure 10: Sign Up. Step 1. It inquires demographic data about the new user.

Figure 11: Sign Up. Step 2. It allows the user to choose login credentials.



Figure 12: Dashboard. The player has just signed up and is greeted with a welcoming message. Scores
indicate 0 points at this stage. High-score lists are shown as a motivation incentive to aim for high(er) scores.

Figure 13: Game Play. Base Training level. It shows score: 40 points, time remaining: 1 minute and 5
seconds, fade-out feedback for previous answer: +10 points, mouse hover over round face shape.



Figure 14: Dashboard. Player beats his previous record.

Figure 15: Dashboard. Player unlocks Frame Fitting level.

Figure 16: Game Play. Frame Fitting level. It shows score: 20 points, time remaining: 1 minute and 12
seconds, fade-out feedback for previous answer: -10 points.



Figure 17: Dashboard. Frame Fitting level. After 2 rounds of playing by intuition at the Frame Fitting level,
the player is asked to consciously focus on frame to face mappings.



(a) System Usability questions

(b) User Experience questions

(c) Perceived Skill Development questions

Figure 18: Game Feedback Questionnaire



B. METHODOLOGY: EXPERIMENT DESIGN

Figure 19: Experiment Homepage. It gives a 3-step quick overview of what to expect.

Figure 20: Experiment Instructions. It introduces the player into the scenario and reminds him that time
performance is also recorded.



Figure 21: Experiment Scenario. It shows sequence number 6 out of 10.

Figure 22: Post-Experiment Questionnaire



C. RESULTS: GAME

Figure 23: Player demographics: age and gender.

Figure 24: Face shape vote distribution



Figure 25: Frame shape vote distribution

Figure 26: Player performance over time at Base Training level. Player round scores increase as more rounds
are played. Sudden drops to 0 points are attributed to lack of activity from the player, by i.e. starting a new
round then moving away from the website.



Figure 27: Player performance over time at Frame Fitting level. Player round scores increase as more rounds
are played. Sudden drops to 0 points are attributed to lack of activity from the player, by i.e. starting a new
round then moving away from the website.



Rule Description Occurrence

angular face : rounder frame 4

round face : square frame 4

round face : round frame 4

angular face : angular frame 4

small face : small frame 4

long face face : narrow frame 3

round glasses are to be avoided 3

square glasses suit a larger number of people 3

long face : square frame 2

big chin : big frame 1

small face : big frame 1

big face : narrow frame 1

triangle face : round frame 1

wide face : small frame 1

male face : square frame 1

female face : square frame 1

large eyes : large frame 1

small eyes : small frame 1

big square faces are to be avoided 1

rounder frames suit most people 1

frame shape should follow the eyebrow line 1

frames should not cover the eyebrow completely 1

frames should not be broader than the face 1

size of frames should be in scale with face 1

frames should follow the chin line 1

frame shape should complement or contrast face shape 1

fake eyes (makeup) are distracting 1

round frames should be avoided for long faces 1

high eyebrows : big frame 1

black people look good with round glasses more often than white people 1

confident look tends to go well with square glasses 1

smiling and easy faces : round glasses 1

light hair / complexion : light colored frame 1

shape of glasses is also determined by their use e.g. reading glasses are bigger and usually
round 1

colorful frames are a better match for children and teenagers 1

fashionable frames fit better 1

ugly people : ugly frame 1

pretty face : pretty frame 1

Table 2: This table shows an overview of (processed) rules reported by players.



D. RESULTS: EXPERIMENT

Figure 28: Output independent samples T-Test. There was significant difference in “Score” for “Player &
Completed Game” (M = 0.201, SD = 0.105) and “Non-Player” (M = 0.147, SD = 0.574) conditions; t(51) =
2.128, p = 0.038.
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