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Likert-style questionnaires and surveys are commonly used tools for research. To alleviate survey-fatigue, researchers have explored
gamification routes to increase engagement and lower drop-outs. However, these attempts still rely on direct use of questionnaire text and
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compared with their FCQ responses. We demonstrate the method to evaluate the equivalence of game results to the questionnaire
responses. We discuss how future serious games can be designed and evaluated to generate similar outcomes while avoiding potential
pitfalls through design and analysis.
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1 INTRODUCTION

Likert-style questionnaires and surveys are an important tool in data-analysis driven research in academia and industry.
These questionnaires are used to a variety of parameters like behavioural traits [33], cognitive load [16], perception [5]
and even preferences [31]. However, surveys and questionnaires also present usage challenges. Survey fatigue is commonly
reported [28] among participants due to exposure to large number of surveys from different sources. Respondents also tend
to leave fields blank or simply not return them [6]. Researchers have explored various methods to overcome these
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challenges by modifying the scale interface [22] and through gamification [11, 15] while avoiding introduction of a strong
bias sources into the survey results. Gamification of surveys leverage the increase in perceived fun which results in
increased willingness of respondents to complete and recommend the survey. With gamification, the questions of the
survey are not modified or eliminated, and the gamification focuses on the peripheral aspects of presentation and flow.
This paper contributes a novel approach to addressing the challenges of survey fatigue through the lens of serious
games. A key difference between our work and prior survey gamification work is that our serious game creates proxy
activities which are equivalent to the target survey questions but do not use the actual question wording anywhere within
the game. We discuss the key elements of the design process necessary to convert a questionnaire into a game and then

demonstrate the equivalence of the game results to questionnaire responses.

2 RELATED WORK

2.1 Ganmification of Surveys

Likert-style surveys are a common class of instrument used in acquisition of self-reported data from participants.
Standardized Likert-style survey instruments, which are internally validated through a design and evaluation process, are
regularly used in research. HCI researchers have explored mechanisms to investigate and mitigate the disruptive effects of
administration of a questionnaire [2, 29] in VR. The recommendation is to include the survey within the flow of the task
and deliver it through the same medium (e.g., VR) as the task being evaluated. Similarly, other researchers also underline
the need to make the questionnaires more pleasant for respondents and achieve a highly reliable response rate. For example,
Harms et al. describes a design process to gamify a survey related to sports [15]. Using the MDA framework [19], they set
the questions in a sports competition-like environment. They identify that the time taken to complete a gamified survey
increases but this is balanced by the fun experience generated by the gamification. Other researchers have looked
simplifying the input process by removing the need for precision pointing for responses [22]. Dorcec et al. [11] and
Frommel et al. [14] demonstrate that including the survey questions into mini-games that are part of the flow is also
feasible.

The reviewed literature exploring gamification of surveys tackles different aspects of the data-collection process aimed
at making the survey instrument less disruptive and less onerous [21]. The contrast lies in the interpretation of the time
taken to complete the survey. Harms et al. and Frommel et al. observe that it takes longer to complete the gamified survey,
while Alexandrovsky et al. and Putze et al. focus on a comparable time of completion. Alexandrovsky et al. observed that
“participants perceived filling out the questionnaires in VR as faster” in contrast to statistically insignificant but overall
increased time for survey completion. In the context of gamification, and games in general, the argument favors fun and
pleasurable experience over raw time-based completion performance.

The other common thread within this literature is that the text of the survey instrument is delivered as-is. Frommel et
al. match the lane count in their car-driving game to the levels of the Likert-scale in use, but the questions (e.g., “Currently
I feel joy”) are presented unchanged. Harms et al. and Drocec et al. use sports and game settings but once again the question
text is never altered. In each case, the gamification is used to set the context and create engagement around the survey
filling experience. We thus identify a gap in the literature exploring the use of a proxy activity in lieu of the actual survey
instrument set in the context of a serious game. This approach of using a proxy serious game instead of the actual survey

instrument seems unexplored and non-trivial.



2.2 Gamification versus Serious Games

The first challenge for serious game proxies is to distinguish clearly between gamification and serious games. Gamification
is defined as the application of game design elements in non-game contexts [10]. Gamification uses game design elements
like achievements, badges, score-boards and challenges to enhance experience instead of creating full games [9]. This is
distinct from the concept of serious games which were first described by Abt [1]. The serious game is a completely
functional game but designed with a learning-based “serious” objective in mind. A user can engage with the game-play
without explicit knowledge about the serious objective or even awareness that the game-play is achieving the learning
objective. Also, the term “serious” does not imply the game lacks fun, but rather that fun is not the only objective. Serious
games have been designed to cover various aspects of learning-based objectives like educating the player [12, 26],
collecting behavioural information [18] and even evaluate learning [25]. Thus the motivation of using a serious game proxy
that replaces a survey instrument is to provide a better pathway for researchers to acquire self-reported data from
participants. While Bailey et al. [3] and consequently Harteveld et al. [17] refer to this as ‘hard gamification’ in the context
of survey gamification, we align to Deterding et al.’s [9, 10] approach of differentiating gamification from serious games

and exploring the design of a serious game proxy.

2.3 Food Choice Questionnaire

To explore the design process of creating a serious game as a proxy for a questionnaire, we chose Steptoe et. al.'s Food
Choice Questionnaire [31]. It is a popular! means for studying people’s dietary choices. The FCQ is a 36-question Likert-
style survey that measures several factors or categories that influence food choice. These categories are health (He), sensory
appeal (SA), price (Pr), convenience (Co), mood, natural content, weight control, familiarity, and ethical concerns [8]. The
responses are on a 4-point scale going from “Not important at all” to “Very important”. It is known for its wide adoption,
being used for research into food selection choices around the globe [13] and being heavily tested and validated [27, 31].
It has been revised many times and tailored to different research scenarios that involved exploring food habits and choices.
The FCQ has been applied to identify consumer segments [13] and even investigate sustainability within food choices [32].
Despite its popularity, we didn’t find any research about making the questionnaire more appealing to the participants and
keeping them engaged while answering the questions. Thus, the FCQ is a suitable candidate for the exploration of using a
serious game proxy instead of the questionnaire being administered in a digital format. We intentionally did not rely on a
bespoke questionnaire or survey. This would introduce an additional validity confound about the actual questionnaire itself

and make the process of investigating equivalence unreliable.

3 DESIGN

Our aim is to explore the design space of creating a serious game proxy for an existing survey instrument. We developed
FoodChoices(Q) as a serious game proxy for the FCQ. The design process is briefly described to cover the essential steps.

3.1 Implicit goals

The goal of the FoodChoices(Q) game is to allow the user to play the game as a series of inter-connected actions fitting
within the flow of the game. Internally, the game collects data that can be used to compute result(s) that are equivalent to
the responses that would be given by the user if they answered the FCQ questions instead. In this regard, the game must
satisfy one of the three goals of questionnaire design, viz.: questions used are accurate to the overall research that is
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intended [4, 20]. The use of an existing and established survey questionnaire (the FCQ) eliminates the risk of the source
questions being relevant. However, we still need to validate the equivalence of the proxy game’s results with the survey
results. Hence, we need to design the evaluation such that it tests the equivalence of game results to the survey responses.
As a game activity, the reduction in the task completion time is not an implicit target. The time required to complete the
survey for the proxy is the game-play time. The main design goal is to replace the onerous activity of survey filling with

one that is potentially more enjoyable and fun.

3.2 Design considerations

Likert-style survey instruments consist of questions which can be independent or grouped into categories. The designers
of the instruments describe how to compute a result using the instrument and involves scoring the questions in a pre-
defined and validated manner. The design challenge is to decide how the in-game activities and the subsequently computed
scores map to elements of the survey instrument. The open question here is if the in-game activities map to a single question
or to a category consisting of several questions. The game proxy also needs to satisty the requirements of being a serious
game. The design must address the implicit goal of the serious game by creating opportunities where the user’s game-play
results in generation of data that can be used instead of self-reported data in a survey instrument. It also must address the

requirements of presenting a game experience with meaningful play [30].

3.2.1 FCQ Sub-set

FCQ is a 36-question questionnaire which are grouped into categories. Research has established that the most important
criteria categories [31] for determining a person's food choices are health (He), price (Pr), sensory appeal (SA) and
convenience (Co). These categories are covered through 18 questions. Since our aim is to explore the design process of
creating the proxy, we focus on this subset of questions covering the four categories within the available time and practical
constraints. To address the question of proxy-design for categories versus individual questions, we chose both alternatives
and design game elements around them. The design considers three of the categories (SA, Pr, Co) directly. The aim is to
generate a score that can be compared directly to the category response scores. For the fourth category, health (He), we
chose two questions Q22 and Q27 to generate the in-game results for comparison with the question responses. We
considered the rationale for choosing to map a category directly to the in-game activity and grounded it in the methodology
used to design a survey instrument. During the design of a survey instrument, the designers identify which questions are
able probe the category satisfactorily. In practical use, category questions are Likert-Scale questions which roll-up to the
category. The standard practice for analysis of Likert-Scale questions is to average the question responses per category for
each user and then use this average value for each user in further analysis of the categories. For the price, sensory appeal,
and convenience categories, we explore the use of a proxy to extract the category score directly instead of relying on
proxies for individual questions. An arguably flawed but accepted practice (at least in HCI research) is to compare the
average (across user responses for the same question) of Likert-style questions. The health category questions allow us to
explore the use of a proxy for a single question in this manner.

3.2.2 Game setting

Instead of designing a game from ground-up, we chose to use an existing game as a template. The challenge is to break the
game into discrete stages or steps providing a clear demarcation of activities. The stages can then be used to compute
results that map to the questionnaire responses. This requirement is met well by games that use embedded mini-games
within a main-story arc. We designed the main game to be an interactive fiction game inspired by narrative exposition-



based games like Choices?. The mini-games require choices to be made to move the game forward. To limit the design
effort, the choices are considered as snap decisions which don’t alter the story-telling but still relevant to the flow. The
game storyline follows a wedding planning scenario, and the player is presented with the mini-games involving choices
related to food as a part of the narrative. The story is presented in the format of conversations and choices to be made (see
Figure 1). The mini-games designed as FCQ proxies did not show the actual question-text from the FCQ at any point in
the game. The game also included additional choice-based mini-games intended to move the narrative forward but did not
have relevance to the FCQ itself.

CONVERSATION WITH BETH

Hi,are you allright? I need your help! I'm
getting married this Friday and...

Slowdown, you're getting what?7]

This is a long story,I'm gonnatell youon
Friday. Anyways, I need your help witha
couple of tasks. Can you help me?

I guess...

Great, here is the list:

1. Book a venue.
Afancy restaurant
4. Buy flowers. '
Can you do that for me, please? Beth's favourite Pub
LEUDRIRE My favourite restaurant
Awesome, [ ove you! See youon Friday! )
A cheap cafateria

M

Figure 1: Screenshots of the main game plot

3.2.3 Mini-games

There are five mini-games within FoodChoices(Q) which are relevant to the FCQ. The first mini-game establishes a
selection of food items (or dishes) the player will see in the subsequent mini-games. The mini-game is essential due to the
diversity of dietary preferences and variation in food familiarity within the target population (UK-based). The aim of the
mini-game is to identify a set of dishes the player has eaten or eats on a regular basis. The initial database is built using 35
of the most commonly eaten dishes in UK. The player selects as many of these as they want with a minimum requirement
of choosing five. The choices are made using a swipe left or right mechanic to reject or select the dish (see Figure 2). Once
the player completes their selection, the dishes shown in the remainder of the game are only chosen from the selected list.

For the Price category of the FCQ, the objective of the mini-game is to probe the user’s preference towards value for
money in the context of food. This objective is same as the Price category of FCQ. The mini-game places the player in a
supermarket shopping setting. The user is presented with four choices of meal deals and asked to select one (see Figure 2).
The player uses a drag and drop mechanic for selecting the preferred deal. This process of showing different deals is
repeated thrice. Each deal has a score assigned to it based on actual value for money (from lowest unit price to highest unit
price). The proxy-score for the Price game is thus based on the deals chosen by the player and helps identify the user’s

preference towards value for money based on the meal deal they choose in each iteration.

2 Choices: Stories You Play https://play.google.com/store/apps/details?id=com.pixelberrystudios.choices



The mini-game associated with Sensory Appeal category uses a two-step process. To capture the subjectiveness of the
sensory appeal of food items, the player is asked to rank food items based on their appearance or looks. In the next step,
the player is presented with two options from the ranked list and asked to choose one (see Figure 2). The scoring is based
on the relative appeal of the chosen items from what was displayed. The number of iterations depends on number of dishes
selected in first mini-game and each dish is shown at least once.

The mini-game associated with Convenience category uses a setting that involves food preparation. We attempted to
measure convenience as amount of effort the player will put into preparing a dish. Players are shown four types of toast,
with increasing sophistication and thus increasing effort to make them. The player interactively “rubs” the pan to mimic
the cooking effort and this fills up a progress-bar (see Figure 3). If the user stops, the progress is saved only up to the most
recently attained level and to get to the next level, they need to start interacting with the pan again. When the player is
satisfied with the dish, they can stop rubbing the pan and click finish. The completion state is used as the metric to measure

the preference of convenience over effort.
Have you eaten? Elor£370 Sforaso 8foredlo 20r£200 | gort the items below based on

) hopepe e OB B B @B | e
- 8 & & @
@ o @ 0 & Quickly! Which one do you want?

- 2 S

Shopping!

Drag your chosen itemfrom
the shelf to the basket and
view your money spent.

Tacos Burger

£0.00

-

Figure 2: Mini-games: (L to R) first mini-game, price mini-game, sensory appeal mini-game in two steps.

FOOD DRAAG-O0-RAMA Rub the pan and hit *Finish® once d
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a-f
- O @ & Finish
P S )
Pueta
a2
s
poess
Mok Comer 4 ,.‘ ; S
At 2 A x B /ﬁ;
bat o
NURTITION INTAKE
Tom CALORIES: 809
TotaL PRoTIEN: 30.8

Tow. Oes: 105
Tow FA's: 30

Figure 3: Mini-games: Health mini-game (left), Convenience mini-game (right)



The final mini-game doesn’t focus on a category of the FCQ, but rather attempts to acquire results equivalent to
individual questions. We chose two questions from the Health category viz., Q22 (“...contains lots of vitamins and
minerals”) and Q27 (“...is high in protein”). The mini-game uses a sit-down meal setting situation and the player chooses
the dishes to eat. Before they choose the dish, they can examine the content (protein, fat, carbohydrates, vitamins, minerals,
and additives). This is repeated four times. The cumulative nutritional intake is updated and shown each time a dish is
chosen (see Figure 3). The relative nutritional value of the choice from within the options offered is used to compute the
metric.

These mini-games were arrived at using brainstorming sessions. Our game design choices are neither definitive nor
restrictive. They are meant to showcase the process of designing a proxy element. Astute game designers could replace
these with entirely different alternatives if the aim of creating a probe that matches the survey question (or category)

objective is satisfied.

4 IMPLEMENTATION

FoodChoices(Q) was implemented using the GODOT game engine. GODOT is a free-to-use and open-source game
development engine [24]. It was chosen mostly due to its ease of use and potential for wider platform compatibility. For
the study, the game was installed on two Android devices. The players’ choices and additional game logs were stored and
later retrieved from the devices. The FCQ, which was limited to 18 questions, was deployed using Qualtrics and once again
accessed through the browser on the devices. The aesthetics of the game assets were deliberately kept minimal. The dishes
were shown at a higher fidelity of representation. To overcome the lack of artistic skills, we used images of foods available
in the game “Cooking Express: Cooking Chef”3. This provided the game with a consistent quality of presentation of the
dishes.

5 EXPERIMENT

The challenge facing a designer of the serious game proxy is how to validate the proxy against the original survey
instrument. The aim of the evaluation is to establish equivalence between the game results of each mini-game versus the
questionnaire responses from the same player. The methodology chosen involves within-subjects design and the mode of
delivery (game or questionnaire) is the independent factor. Many HCI studies rely on null-hypothesis significance testing
(NHST) to demonstrate differences between two systems. In the case of the proxy, a significant result of such a test is not
a desirable outcome as it indicates the proxy diverges from the survey instrument results (assuming all other considerations
e.g., normality, sphericity etc. are satisfied). At the same time, a null or non-significant result is not adequate to prove
equivalence since NHST can be used to either reject null-hypothesis or fail to reject null-hypothesis [34]. Thus, an
additional statistical tool is needed to prove equivalence. We make use of TOST in our current analysis. However, as with
NHST, if the data violates normality, alternative tools like Bayesian ANOVA should be considered.

5.1 Participants

Due to the ongoing COVID-19 pandemic restrictions, we recruited participants within our personal bubbles to ensure that
we followed the current restrictions. We recruited 24 participants, where 15 female, 8 male (1 preferred to self-describe as
‘kind”). Participants fell within the age ranges 18-24 (17), 25-34 (1), 35-44 (3), 45-54 (1), and 65+ (2). Majority of
participants had some form of gaming experience, and all of them were familiar with using mobile devices, as well as with

3 https://play.google.com/store/apps/details?id=com.gameicreate.mycafeexpressrestaurantchefcookinggame



text-based questionnaires. Each participant took part in the experiment individually and was supervised by a member of
the research team throughout the whole process. The study was carried out after following standard procedure for ethical

approval within the university.

5.2 Procedure

The study was carried out on an Android device. Each participants filled the FCQ hosted as a Qualtrics survey and played
the game. The order of survey and game were counterbalanced between participants. Before the start of the study, the
participant was presented with the research information sheet, a consent form, and instructions to familiarize themselves
with the setup. The participants completed the first task (game or FCQ) and continued with the second task (FCQ or game)
after a short break in between. To maintain the game-experience, the participants were allowed to complete the whole
game to arrive at a proper in-game narrative ending resulting from the choices made by the players during the game. After
both the tasks, a semi-structured interview was conducted to gather general feedback about the game. Participants could
leave the study at any time. Each session lasted less than half an hour, and participants were not compensated for the

participation as the study was voluntary.
5.3 Measures

5.3.1 Questionnaire Data

The participants filled in a digital version of the FCQ consisting of 18 questions associated with the 4 categories viz. Health
(He), Convenience (Co), Sensory Appeal (SA) and Price (Pr). The responses to the questions are on a 4-point scale ranging

from “Not important at all” to “Very important” which were coded to scale responses: [1,4].

5.3.2 Game Logs

The game was instrumented to log data through game logs for the mini-games and main-game actions. The result to be

compared with the FCQ responses was computed for each mini-game as follows:

1. Price mini-game: There were three iterations of deal selection. Each deal was assigned with a rank from 1 to 4,
where 1 meant the best value for money. Choosing the best deals implies caring about the value for money, we reversed
the scale and then averaged the results of the iterations to arrive at the game result.

2. Sensory Appeal mini-game: The scoring activity was carried out in the second step of the mini-game (see 3.2.3:
Mini-games). For each iteration, the participant’s choice was scored based on the relative position of the two options within
the ranked list produced in the first step. Higher ranked choices were scored 1 and lower ranked choices were scored 0.
The game result used the average of all iterations to compute the quartile (e.g., if 80% choices were higher ranked, result
would be top quartile i.e., 4) in which the average fell into.

3. Convenience mini-game: The final completion status of the progress bar was used to compute the score for this
mini-game. This produced a ranking of 1 (least effort) to 4 (most effort). This ranking was reversed to produce the game
result to match the convenience category of the FCQ as the more effort the players put, the less they cared about ease of
preparation and thus convenience.

4. Health minigame: The food choices presented during each of the four iterations also provided reference values for
protein and vitamins and minerals contained in the dishes. For each iteration, the four displayed options were ranked 1
(low amount) to 4 (high amount). The ranks of the chosen items from all iterations were averaged to arrive at the game

results, one for protein and one for vitamins and minerals.



Additional quantitative metrics like task completion times and dishes selected were also recorded. We also noted the
observations and comments made by the participants during the post-activity semi-structured interview.

6 RESULTS

The analysis is devised to investigate the equivalence between the FCQ responses and the results from the mini-games. To
compute the category scores from the FCQ, the responses were coded as 1 to 4 (with 4 representing Most Important) and
then averaged across the questions belonging to the same category. The mini-games similarly produced scores between 1
to 4 for the associated measures. We used SPSS v28 to carry out preliminary tests (ANOVA). We also used Jamovi v1.6
and TOSTER 0.3.3 for equivalence testing (TOST). The preliminary step towards equivalence testing was to reject
alternative hypothesis (or fail to reject null hypothesis) of significant difference between the category responses and game

results. We present the statistical results here but defer the implications to the Discussion section.

6.1 Preliminary Tests

We used repeated measures ANOVA with single factor (mode as questionnaire vs game) for the three categories and two
individual questions as dependent measures. The results are tabulated in Table 1. The Convenience mini-game showed
strong significant difference to the Convenience category responses of the FCQ (F23=46.4, p<0.001). The Convenience
category could thus not be evaluated further for equivalence. Visual analysis of the histogram showed presence of an
independent factor affecting the game results (See Figure 4).

Table 1: Preliminary tests results (ANOVA)

Measure pQ (Questionnaire mean)  pG (Game mean) F-value p-value
Convenience 3.125 1.833 46.423 <0.001**
Sensory Appeal 3.167 3.083 0.216 >0.05
Price 3.014 2.834 0.706 >0.05
Health — Protein 3.000 2.666 1.670 >0.05
Health — Vitamins and Minerals 2.92 2.489 4.538 <0.05*

* df=23, * indicates statistically significant differences.

Both Sensory Appeal and Price categories showed no significant differences to their equivalent mini-game responses.
Thus, they were analysed further using equivalence tests. The individual questions Health Q27 for Protein and Health Q22
for Vitamins and minerals were also analysed. The game results were significantly different than questionnaire responses
for Health Q22 (Vitamins and minerals) and thus not tested for equivalence. The data for Health Q27 (Protein) was retained
for further analysis of equivalence due to a NS result for difference.
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Figure 4: Histograms for Convenience category scores from Game (blue, series on left) and FCQ (green, series on right)



6.2 Equivalence Tests

The TOST procedure for testing equivalence among means [23] indicates that the responses to FCQ category Sensory
Appeal were equivalent to the results of the Sensory Appeal mini-game: t4) = -1.98, p<0.05. The test used Cohen's d =
0.5, and computed raw bounds [-0.439, 0.439] compared against the 90% CI of the sample [-0.224, 0.39]. With Cohen's d
set to 0.53, the TOST procedure for testing equivalences among means indicated that the responses to FCQ category Price
were equivalent to the results of the Price mini-game: t4) = -1.76, p<0.05. The computed raw bounds were [-0.556, 0.556]
and the 90% CI was [-0.187, 0.547]. For the individual question Health Q27, the TOST procedure only produced a
significant result for Cohen’s d >0.8. Normally, statistical analysis relies on pre-defined and fixed values of Cohen’s d for
effect sizes. Since we are demonstrating the process of establishing equivalence, we are not restricting the analysis to fixed
values and rather show at what value of Cohen’s d, significance could be considered to have emerged. We discuss the

rationale for choice of a different Cohen's d-value for the Price mini-game in the Discussion section.
6.3 Other metrics

6.3.1 TCT

The task completion time (TCT) metric was collected with a prior understanding that the game TCT would be trivially
higher than the FCQ TCT. This is in line with the expectations as established by previous research on gamification [11,
15]. Out of 24 records, two FCQ TCTs were discarded due to human error and 1 game TCT was lost due to program
malfunction. The average FCQ TCT was 2:48 minutes while the average game TCT was 11:13 minutes. No other patterns

of interest were observed with the TCT.

6.3.2 Items chosen in first mini-game

The number of items chosen in the first minigame ranged between 12 and 33 with an average of 24.17 items. The number
of items increased the variety of choices available in subsequent mini-games but also increase the effort of ordering in the
Sensory Appeal mini-game.

6.3.3 Participants Feedback

Participant feedback was gathered through a semi-structured interview. The participants found the idea of creating a game
based on the questionnaire really appealing. Most participants found the story engaging and stated that it made the game
interesting. They also found the mini-games were fun. Some participants noted that the five mini-games were based on
snap-decisions and indicated preference of these having more impact on the overall narrative. Another observation was the
impact of number of items chosen in first mini-game for the sensory appeal mini-game’s first step. It was also observed
that for the Convenience mini-game, participants often ignored the fact that they can finish the game earlier and were
focused on filling the progress bar or aiming for the highest reward (most appealing toast recipe) than the difficulty of

preparation. Overall, the participants enjoyed the game and were curious about the findings of the study.

7 DISCUSSION

The results produce a set of interesting outcomes and observations in the context of designing a serious game proxy for

questionnaires.
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7.1 Convenience category results

The histogram for the game results showed strong skew towards convenience being least important. This was obviously
contrary to common understanding and not matching the responses to the FCQ. Post-hoc game analysis suggested a
surprising confound. Since the overall effort in the mini-game was less, participants chose to engage with the game with a
strong sense of competition (agon against the artificial player) and attempted to reach the highest possible result. The
choice of the game mechanic needs to balance the implicit objective versus the explicit effort required to attain it. This is
comparable to Harms et al. [15] where one mini-game mimics a javelin throw activity as a response to the answer. We
identify a risk that the user response is strongly skewed by the player mindset of winning and reward attainment rather
than providing an usable response. At the same time, if the effort is too high, the results may be skewed to the lower end
of the response scale due to player abandonment of a difficult task. It also ascertains our expectation that the design of a
serious game proxy (or even a gamified survey) is a non-trivial activity.

7.2 Equivalence tests

The result of the TOST procedure allowed us to demonstrate equivalence of the results from the game to that of the FCQ
results for the Sensory Appeal and Price category. The equivalence should be considered in context of the questionnaire
being proxied. The choice of Cohen's d value at 0.5 is for a medium effect size and generally accepted within psychology
studies [7]. If the chosen questionnaire was a behavioural one rooted in psychology, this would be adequate. However, the
acceptable value of Cohen's d for medium effect size is different for other studies (e.g. educational research [7] and even
HCI [34]). Our aim of varying the medium effect size parameter is to demonstrate that the choice is subjective to the survey
instrument being proxied [34]. In the analysis for the Price game, we chose a Cohen's d of 0.52 and arrived at an equivalence
result. The game designer will have to correctly identify the effect size based on: a. accepted norms in the field of study or
b. accepted standard values which are then used to derive Cohen's d (e.g., IQ or BMI). The Price game required a certain
level of numerical skills to make the choice. Our convenience sampling derived from a university-connected population
avoids pitfalls due to lower numerical literacy. However, this may not be the case in real-world scenarios and should thus
be factored in within design and statistical analysis.

7.3 Individual questions for health category

The mini-game proxy for Health Q27 did not produce an equivalent result despite not being significantly different. The
value of Cohen’s d for equivalence far exceeded the acceptable ranges unlike the Price game. For Health Q22, the game
results were significantly different and thus equivalence also could not be established. There are two possible
interpretations of the results for the individual questions. The first is that the game-design failed to produce adequate
equivalence and the mini-game was not fit for purpose. The mini-game showed the player protein per dish as well as total
consumed based on their choices. However, it is likely that the players did not have a clearly defined value for ‘high in
protein’ or that it differed from person to person. They could have also chosen the dishes using a different criteria like
sensory appeal. The results for the two questions did not correlate with each other or any other metric. The mini-game
doesn’t show detailed description of vitamins and minerals, instead showing bulk values and uses these for calculating the
result. In either case, the game-proxy design requires further refinement with the values playing a better-defined role in the
choices. An alternative interpretation is that the proxy approach works better on categories rather than single directed
questions. Since a questionnaire like the FCQ is designed with pre-defined categories, a single mini-game directed at a
single question is neither efficient nor practical. FoodChoices(Q) suggests that if the game-play can include the relevant
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mechanics that mimic action or responses to multiple individual scale-items, a single stage can generate category-level

data without having to rely on multiple separate mini-games.

7.4 Implications on Proxy Design

Our work shows the use of game-proxy to replace an established questionnaire as feasible but with caveats. The four mini-
games show different perspectives to the design process and highlight the non-trivial effort required to create the game

proxies.

7.4.1 Skewing of results

During design, care needs to be taken to prevent standard in-game behaviours (like competition or boredom) from skewing
the results generated by the proxy. The choice of the game mechanic needs to balance the implicit objective versus the
explicit effort required to attain it. Presence of rewards and attainment must be carefully considered to prevent them from
appearing as confounds. The results also indicate that in the absence of a well understood baseline questionnaire for
comparison, this process is unlikely to produce a proper tool for research. The baseline questionnaire is essential to identify
the presence of experimental confounds that emerge from the game-play itself.

7.4.2 Validation of equivalence

We suggest that the proxy be validated using a realistic population sample to demonstrate equivalence. The validation
includes an NS result for means of paired sampling of questionnaire responses versus in-game results which is then
followed up by the TOST approach described by Lakens et. al [23] with a suitable choice of Cohen’s d. In case the data
violates normality, Bayesian methods are recommended for further analysis. After validation through a suitable sample
size, the game can be considered as an equivalent instrument to the survey and deployed to a larger population. At the same
time, based on our methodology and observations, we do not recommend using a serious game as the instrument of first

implementation instead of proxy as in our case.

7.4.3 Factor of development time

The time required to develop a suitable game and the time taken to complete the game as compared to equivalent steps for
a survey will be a mitigating factor. FoodChoices(Q) took ~800 person hours (ph) to develop from initial conceptualization
of the research question to completion of study and analysis. This includes time for novice game developers (no prior
experience of Godot) and time taken to identify and understand the statistical procedures. Re-use of existing game artefacts
cut down the asset development time by ~150 ph. This is comparable to the time taken to develop the original survey
instrument itself. With experienced game designers and developers, the implementation time could be cut down to ~200

ph. With sufficient re-use of the instrument, this would be efficient for the targeted improvement in completion rates.

7.4.4 Factor of player time

The overall time taken to complete a single session of the game is considerably higher than filling in the textual survey.
This must be contrasted with survey fatigue which is a persistent issue with text-based surveys. Games are a special
category of applications where performance in terms of task efficiency is not the core criteria, rather experience is. In
certain cases, the game design forces repetitive but meaningful actions which would be counterintuitive to HCI
practitioners. Well-designed games provide a more pleasurable experience than applications designed for efficiency and
time spent on the game becomes less important. For example, Candy Crush™ players reportedly spend ~38 minutes of
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play time per day on average*. The survey instrument is a very good candidate to be presented either as a proxy game or
as a gamified application since it cannot be auto-completed by a program and relies on the information sourced from the
player. If the experience is pleasurable, the time taken to complete the survey becomes a lesser concern for the participant.
As an alternative to stand-alone presentation of the proxy, it could be split into smaller pieces and embedded into other
activities. For example, in-game advertising of other games is common in freemium games. The inspiration used for our
proxy-design, the game called Choices, is often advertised within other games with pseudo-interactivity. The proxy mini-
games could be deployed in place of the advertisements. This allows the respondent to engage with the proxy as part of
their flow during a gaming session. However, we do not condone nor encourage the use of the proxy without explicit

consent of the participant since consent is essential for research.

8 CONCLUSION

In the paper, we presented FoodChoices(Q), a serious game proxy for the Food Choice Questionnaire. We identify
opportunities and challenges within the design and evaluation activity to validate the serious game as a usable proxy instead
of an established questionnaire instrument. However, we also see advantages in using such a serious game proxy as it can
overcome survey fatigue by obfuscating the perception of work associated with filling a questionnaire and replacing it with
a fun activity within a game. We believe this is an exciting direction of research for serious games in general.
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