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Abstract
Typically, animals’ food preferences are tested manually, which can be both time-consuming and vulnerable to experimenter
biases. Given the utility of ascertaining animals’ food preferences for research and husbandry protocols, developing a quick,
reliable, and flexible paradigmwould be valuable for expeditingmany research protocols. Therefore, we evaluated the efficacy of
using a touchscreen interface to test nonhuman primates’ food preferences and valuations, adapting previously validated manual
methods. We tested a nonhuman primate subject with four foods (carrot, cucumber, grape, and turnip). Preference testing
followed a pairwise forced choice protocol with pairs of food images presented on a touchscreen: The subject was rewarded
with whichever food was selected. All six possible pairwise combinations were presented, with 90 trials per pairing. Second, we
measured how hard the subject was willing to work to obtain each of the four foods, allowing us to generate demand curves. For
this phase, a single image of a food item was presented on the touchscreen that the subject had to select in order to receive the
food, and the number of selections required increased following a quarter-log scale, with ten trials per cost level (1, 2, 3, 6, 10, and
18). These methods allowed us to ascertain the subject’s relative preferences and valuations of the four foods. The success of this
touchscreen protocol for testing the subject’s food preferences, from both a practical and a theoretical standpoint, suggests that the
protocol should be further validated with other foods with this subject, with other subjects, and with other test items.
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Considerable experimental effort has been applied to under-
standing nonhuman primates’ food preferences, with such tests
being run in both zoos (e.g., Fernandez, Dorey, & Rosales-
Ruiz, 2004; Finestone et al., 2014) and laboratories (e.g.,
Baxter, Parker, Linder, Izquierdo, & Murray, 2000; Kemnitz
& Francken, 1986). Knowledge of primates’ food preferences
has been used to inform experimental research paradigms (e.g.,
Brosnan & de Waal, 2003; Hopper, Kurtycz, Ross, & Bonnie,
2015), as well as to enhance husbandry and training efficacy
(e.g., Gaalema, Perdue, & Kelling 2011). To assess primates’
preferences, researchers typically evaluate which of two items
subjects reach for first or select manually (e.g., Fernandez et
al., 2004; Finestone et al., 2014; Tanaka, 2003, 2007); which
they move toward first (e.g., McDermott & Hauser, 2004); or

which they look at first or fixate on for longer, coded either
manually from video footage (e.g., Adams & MacDonald,
2018; Kuwahata, Adachi, Fujita, Tomonaga, & Matsuzawa,
2004) or via an eye-tracking device (e.g., Howard, Wagner,
Woodward, Ross, & Hopper, 2017; Wallis & Miller, 2003).
All of these methods can be time-consuming, either to test or
to code. It is also worth noting that food preference testing is
often conducted as a precursor to a test, in order to determine
reward values for different experimental conditions (e.g., to
ascertain differently valued foods for tests of inequity aversion:
Hopper, Lambeth, Schapiro, & Brosnan, 2014; or to create
differently valued payoffs in tests of social learning strategies:
Vale et al., 2017), or is used as a test of decision-making be-
havior under different experimental manipulations (e.g., Wallis
& Miller, 2003), rather than as the primary focus of the exper-
iment. Therefore, developing a quick, reliable, and flexible
paradigm to test primates’ preferences would be valuable for
expediting many research protocols beyond those directly in-
terested in primates’ (food) preferences.

The food preferences of primates or other captive species
are typically tested manually: A researcher or member of care
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staff presents two or more food items to an animal subject that
receives the items for which it reaches first (e.g., Brosnan& de
Waal, 2003; Finestone et al., 2014; Wobber, Hare, &
Wrangham, 2008). These pairwise trials are repeated, and if
the animal chooses one option significantly above chance, it is
recorded as a preferred food item (Hopper, Schapiro,
Lambeth, & Brosnan, 2011). However, such manual methods
for testing preferences are potentially vulnerable to cueing
effects (Beran, 2012). For example, the researcher may
(inadvertently) hold one food item closer to the animal than
the other or may (unintentionally) provide a verbal cue as the
animal selects a certain food item. Such biases, even if gener-
ated subconsciously by the experimenter, can impact the be-
havioral responses of the subjects and invalidate or bias inter-
pretations of their behavior (e.g., Pfungst, 1911/2015).
Additionally, food items are known to be highly potent stim-
uli; animals may reach for a food so quickly that they do not
evaluate its worth in comparison to other options. Indeed, in
cognitive research with primates, food items have often been
covered (e.g., Claidière et al., 2015) or represented with sym-
bols (e.g., Boysen, Berntson, Hannan, & Cacioppo, 1996) in
order to overcome subjects’ impulsiveness when presented
with real food items, to allow for more nuanced responses to
emerge.

Using a touchscreen interface to test animals’ food prefer-
ences offers a potential solution to the biases and confounds
introduced via manual testing. If both food items are presented
simultaneously on a touchscreen, and the experimenter is
blind to the subject’s selection until after it has been made,
then the opportunity for the experimenter to cue the animal is
reduced, or is eliminated entirely. An additional advantage of
using touchscreens is that preferences for stimuli that may not
be feasible to be presented manually or in a controlled manner
can be tested. For example, instead of necessitating the pre-
sentation of physical stimuli, a touchscreen interface allows
researchers to show subjects images of group mates, enrich-
ment devices, or people (e.g., familiar vs. unfamiliar people;
see Tanaka, 2003, 2007, for examples). Thus, validating the
ability to test primates’ preferences for food items of known
relative values (e.g., foods) opens the door to testing an array
of stimuli in the future.

Touchscreen computers have been used to test human food
preferences (e.g., Joseph, Egli, Koppekin, & Thompson,
2002) but are not typically used to test animals’ food prefer-
ences (although see Judge, Kurdziel, Wright, & Bohrman,
2012). Despite the paucity of data demonstrating the efficacy
of using touchscreens to assess primates’ food preferences,
touchscreens have been used to test many aspects of primate
cognition (e.g., memory: Inoue & Matsuzawa, 2007; numeri-
cal understanding: Cantlon & Brannon, 2007; cooperation:
Martin, Biro, & Matsuzawa, 2014; metacognition: Brown,
Templer, & Hampton, 2017; and how cognition is influenced
by emotion: Allritz, Call, & Borkenau, 2016). Given this fact,

it is reasonable to assume that touchscreens could offer an
effective method for testing primates’ food preferences.
Therefore, in this study we evaluated the efficacy of
touchscreen computers for conducting forced choice pairwise
food preference testing of primates. Additionally, since
touchscreens have also been used to test various cognitive
abilities in a variety of species (e.g., Canis familiaris:
Zeagler et al., 2016; Columba livia: Fortes, Case, & Zentall,
2017; Helarctos malayanus: Perdue, 2016; Ursus
americanus: Vonk & Beran, 2012), the methods being evalu-
ated in this study also have the potential to be applied to
nonprimate species.

Although the importance of determining animals’ prefer-
ences has been well demonstrated, the efficacy of pairwise
forced choice tests has been questioned. As Schwartz,
Silberberg, Casey, Paukner, and Suomi (2016) noted, pairwise
preference tests do not account for economic substitutability,
and therefore the conclusions about animals’ preferences that
can be drawn from such tests are limited. In this study, there-
fore, we also wished to test whether primates’ valuations of
foods could be measured with touchscreens. To do so, we
adapted the manual methods used previously by Schwartz et
al. with capuchin monkeys (Cebus apella) for use with
touchscreens. When testing what cost capuchins would pay
to obtain different foods, Schwartz et al. used differently
weighted baskets that the monkeys had to lift to receive food
rewards. From the monkeys’ responses, Schwartz et al. were
able to generate demand curves to describe the monkeys’ val-
uations of the three foods tested (sensu Hursh & Silberberg,
2008). In the present study, we substituted Bnumber of touches
made on a touchscreen^ for Bweight^ in the metric of cost.
Simply put, we measured how many times a primate was
willing to select a photograph of a food item, presented on
the touchscreen, in order to receive that food item.

Our aim was to determine whether primate food prefer-
ences can be assessed using a touchscreen interface via a tra-
ditional pairwise paradigm (Exp. 1) and a cost-based para-
digm (Exp. 2). For the pairwise paradigm, our aim was to test
the efficacy of presenting photographs of food rewards, rather
than symbols representing different rewards (e.g., Wallis &
Miller, 2003). Since one study has already shown success with
members of a macaque species (Macaca silenus; Judge et al.,
2012) who were shown photographs of food items on a
touchscreen, and other research has demonstrated primates’
ability to recognize photographic images (e.g., Parron, Call,
& Fagot, 2008), we expected that a touchscreen interface
would be well-suited to testing primates’ preferences.
Additionally, and by modifying methods used by Schwartz
et al. (2016), we wished to extend the pairwise preference-
testing methods typically used to also generate demand curves
of primates’ food preferences, bymeasuring how hard animals
are willing to work for different food rewards. This would
allow us to develop a more nuanced understanding of primate
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food preferences while also demonstrating the potential to use
touchscreen computers to run such evaluations.

Experiment 1

Method

This study was approved by the Lincoln Park Zoo Research
Committee, which is the governing body for all animal re-
search at the institution. The food substances, amounts, and
frequency of provision were reviewed and approved by
Lincoln Park Zoo veterinary and nutrition staff prior to the
start of the project. No modifications were made to the stan-
dard animal care routines. This research adhered to legal re-
quirements in the United States of America and to the
American Society of Primatologists’ Principles for the
Ethical Treatment of Nonhuman Primates.

Subject and housing The subject for this evaluation was a 12-
year-old male gorilla (Gorilla gorilla gorilla) who lived in an
all-male group comprising four gorillas (average age: 10.8
years) at the Lincoln Park Zoo, Chicago, USA. As with many
of the apes at the Lincoln Park Zoo, prior to this study the
subject had had several years of experience using touchscreen
computers, specifically with serial-learning tasks (e.g.,
Wagner, Hopper, & Ross, 2016), but had never before been
shown photographs of real-life objects on the touchscreen, nor
had he participated in preference testing using the
touchscreen. Previous preference testing, in which the subject
was manually offered two foods simultaneously in a forced
choice paradigm (sensuHopper et al., 2015), had revealed that
this gorilla preferred grapes over pieces of carrot, but no other
food preferences had been formally tested.

All touchscreen testing was run in the gorilla’s home en-
closure, and participation was voluntary. The four gorillas
lived in a large and complex enclosure with both indoor and
outdoor areas (total area: 1,932 m2). The indoor enclosure had
a deep mulch floor and numerous vines and climbing struc-
tures, and it was connected directly to the outdoor enclosure
via floor-to-ceiling glass sliding doors that also ensured plenty
of natural light in the indoor enclosure.

Apparatus and stimuli We used an HP ProDesk 400 G2 con-
nected to a 55-cm ViewSonic touchscreen monitor (model:
TD2220, 1,920 × 1,080 resolution) to run the touchscreen test
sessions. A second ViewSonic monitor was set up so that the
experimenter could review the subject’s responses in real time.
The custom software used to run the pairwise preference tests
and reward–cost task was the Zenrichment ApeTouch soft-
ware suite (Martin, 2017).

For stimuli, we used photographs of the four foods that
were offered to the subject: a grape, a piece of carrot, a piece

of turnip, and a piece of cucumber (Fig. 1). We photographed
all the food images using a Canon Powershot S110 digital
camera, keeping the camera’s distance and height from the
food items constant for every photo, as well as the zoom
setting. To ensure consistent lighting for all photographs, we
photographed the food items in a LimoStudio tabletop pho-
tography box (41 × 41 cm) using white Bristol paper as the
background in order to eliminate shadows and enhance con-
trast. We then resized the photographs in Adobe Photoshop to
300 × 300 pixels for use with the ApeTouch software. When
the stimuli were presented on the touchscreen, the screen
background was black, and the white square stimuli showing
the food photographs were presented in random locations on
the screen for each trial.

Protocol: Paired preference testWith Experiment 1 we aimed
to test the efficacy of using touchscreens to evaluate the sub-
ject’s relative preferences for four food items by presenting the
items in a pairwise manner following a forced choice para-
digm. For each food pairing, the subject was first presented
with 50 training trials, in each of which a single food image
was shown on the screen, and the subject was rewarded with
that same food when he selected the image on the screen (Fig.
2A). The subject was presented with every possible pairing of
the four foods (i.e., six pairings).

Following Judge et al. (2012), the aim of the training trials
was to offer the subject the opportunity to learn the association
between the photograph of a food item and receiving that
same food. Across the 50 training trials, equal numbers of
the two food items in the test pair were presented (i.e., 25
training trials per food type). In each trial, the location of the
food image on the screen changed with the random placement
of the image determined by the ApeTouch software. Training
trials for each pairing were run over one or two sessions.

After the subject had completed the 50 training trials
for a given food pairing, he was then tested on 90 test
trials, with 30 trials run per session. In a test trial, two
images were shown on the touchscreen, one for each of
the two foods in a pairing (Fig. 2B). Following a classic
forced choice paradigm, when the subject selected one of
the two foods (by pressing the image on the screen), both
images disappeared and the subject was rewarded with the
food he had selected. The locations of the two food im-
ages were random and scattered around the screen, such
that the subject had to move his hand between trials in
order to reselect the same image (as in the training trials,
the location of each stimulus was randomly generated by
the ApeTouch software).

The subject completed 50 training trials and 90 test trials
for each pair of foods until he had received all of the six
possible pairwise combinations of the four foods. For this
experiment, the randomly determined order of the food pairs
tested was grape versus carrot, then carrot versus turnip, then
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grape versus cucumber, then carrot versus cucumber, then
turnip versus cucumber, and finally grape versus turnip.

No audio cues were provided to the subject (i.e., no chime
sounded when he made a selection) in either the training or
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Fig. 1 The stimuli: Photographs of (A) a piece of carrot, (B) a piece of cucumber, (C) a grape, and (D) a piece of turnip

Fig. 2 Screenshots of the training trials (A) and testing trials (B) in Experiment 1, showing the grape and cucumber pairing in this example



test trials, as we did not wish to add a secondary reinforcer to
the gorilla’s choices. Additionally, for both training and test
trials, the trials were separated by 4-s intertrial intervals. For
all testing, no more than one test session was run in a single
day, with sessions typically being run at 1:30 pm on week-
days. For both the training and test trials, the experimenter
rewarded the subject by dropping the food reward into a
PVC chute attached to the subject’s cage. Regardless of the
food type, the food pieces were all cut to the same size (i.e., the
size of a grape), approximately 2–2.5 cm3, and each weighed
between 5 and 7 g.

After the conclusion of all the training and test trials for
each of the six unique food pairings (Phase 1), we retested
the subject’s preferences again for the same foods (Phase
2), to ascertain the stability of his preferences over time.
For this second round of testing, the training trials were
omitted and the subject was simply tested using the paired
testing trials. Again, the subject completed 90 test trials for
each pairing, and the food pairs were presented in the same
order as in the first phase of testing. The testing for Phase 1
took place from October to December 2016, and the testing
for Phase 2 took place between December 2016 and April
2017.

Analyses To test the gorilla’s relative preferences for the
four foods presented in the paired comparisons, we fit a
log-linear Bradley–Taylor model (LLBT) with the prefmod
package in the R programming language (Hatzinger,
2015). Made specifically for paired-comparison testing,
the LLBT model estimates a subject’s relative Bworth^
values for each choice on a preference scale that sums to
1 (Hatzinger & Dittrich, 2012). A higher worth value indi-
cates greater preference for an item. In a standard Bradley–
Terry model, the probability that a subject will prefer ob-
ject k to object j, or vice versa, is

p yjk
� �

¼ cjk

ffiffiffiffiffi
π j

pffiffiffiffiffi
πk

p
� �yjk

;

where πj and πk are the worth values for each object on the
preference scale; yjk is a response to the comparison of j to
k, which takes the value of 1 if j > k and the value of – 1 if k
> j; and cjk is a normalizing constant. For objects j and k,
the LLBT model assumes that the observed number of
selections for object j instead of k (or vice versa) follows
a multinomial distribution conditional on a fixed number
of trials. Thus, the expected number of selections for a
given object over a paired trial is

m yjk
� �

¼ njkp yjk
� �

;

where njk is the number of trials conducted for a given pair
and m(yjk) is the expected number of selections (Hatzinger

& Dittrich, 2012). Since this is a log-linear model, the
linear predictor of the LLBT is then

lnm yjk
� �

¼ ujk þ yjk β j−βk

� �
:

Here, ujk is a nuisance parameter, whereas βj and βk corre-
spond to the worth values on the preference scale, such that ln
π = 2β (Hatzinger & Dittrich, 2012).

Importantly, this model assumes that the responses to
paired comparisons are independent. Therefore, to test for
independence within our data set, we performed a bootstrap
with 1,000 iterations using the boot package for R (Canty &
Ripley, 2017). This revealed no significant difference between
our full data set and the bootstrapped model (residual df =
163.84, deviance = 0), suggesting independence between
trials.

Additionally, we used the gnm function (Turner & Firth,
2015) to analyze the subject’s relative preference for the foods,
both within a phase and across the two phases of testing, to
evaluate the consistency of his preferences. The prefmod
package uses the multinomial-Poisson transformation
(Baker, 1994) to fit the LLBT model through maximum like-
lihood. This requires the family of the gnm function to be
specified as Poisson (Hatzinger & Dittrich, 2012).

All analyses were run in R version 3.3.2 (R Core Team,
2017) using RStudio (RStudio Team, 2016). The data and R
script are available here: https://drive.google.com/drive/
folders/1VOqttUUcQv-QQ9I2En5h7K5vf7UVZ6OC.

Results

The gorilla’s responses in Experiment 1 revealed a strong
preference for grape over the other three foods (Fig. 3). He
significantly selected grape over cucumber (Z = 62.89, p <
.001), carrot (Z = 8.65, p < .001), and turnip (Z = 14.39, p <

Fig. 3 The gorilla’s relative preferences (worth values) for four foods
across two rounds of testing following a forced choice paradigm
presented in a series of paired comparisons. Phase 1 included training
trials, whereas Phase 2 included only the paired testing trials
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.001). He also preferentially selected carrot over both cucum-
ber (Z = 12.95, p < .001) and turnip (Z = 6.66, p < .001) but
showed no difference in the rates at which he selected cucum-
ber and turnip (Z = 1.97, p = .073). Furthermore, his relative
preferences for the four foods remained stable over the two
testing phases (i.e., there was no difference across phases: χ2

= 1.74, p = .629; Fig. 3).

Discussion

The gorilla’s responses revealed differential selection rates of
the four food options, suggesting a strong preference for grape
over the other three foods (cucumber, carrot, and turnip) and
that turnip was his least-preferred food. His relative preference
for grape over carrot, as demonstrated through his selections
via the touchscreen, reflected his earlier choices measured
through a classic manual forced choice testing paradigm, pro-
viding validation for the results of the touchscreen method.
Next, we ran a second experiment to evaluate the efficacy of
using touchscreens to test primates’ valuations of different
food items. To do so, we adapted methods used by Schwartz
et al. (2016) that required the subject to exert increasing effort
to obtain each of the four foods presented in Experiment 1. In
this way, we could generate demand curves to see the subject’s
relative willingness to work for the foods and to determine
whether his responses to this test would reflect the relative
preferences he had revealed in Experiment 1.

Experiment 2

Method

Subject and housing The subject, apparatus, and stimuli for
Experiment 2 were the same as those for Experiment 1, with
the exception that the photographs of the food items were
resized to 290 × 290 pixels for use with an updated version
of the ApeTouch software. Experiment 2 was run after the
completion of Experiment 1, such that the subject had prior
experience with each of the four food photograph stimuli be-
fore starting this second experiment.

Protocol: Reward–cost task In Experiment 2, rather than
choosing between two foods presented on the touchscreen,
as in Experiment 1, the subject had to select a single food
image n times in order to be receive that same food item.
The number of times the subject had to touch the image within
a trial increased over phases, with ten trials for each of the four
foods presented in each phase (i.e., 40 trials total per phase).
After Bentzley, Fender, and Aston-Jones (2013), the phases
were run such that the cost (number of required touches) in-
creased following a quarter-log scale: 1, 2, 3, 6, 10, and 18.
Only trials of the same cost were run in a single session, with

no more than ten trials per test session and no more than one
session per day. In every session, each of the four foods was
presented to the subject at least once. Thus, rather than com-
pleting all of the trials for one food and then moving on to all
of the trials for a second food, the subject completed all of the
trials for all four foods for a certain cost, before moving on to
the next cost phase (following the methods of Casey,
Silberberg, Paukner, & Suomi, 2014; Schwartz et al., 2016).
The order of presentation of the four foods within a test ses-
sion was randomly determined.

The maximum length of time that a food image remained
on the screen within a trial was 30 s. If the subject did not
select an image within 30 s, the trial was considered incom-
plete. If the subject did select the image the required number
of times within a trial (selecting each image in that trial in
under 30 s), the experimenter gave the subject the corre-
sponding food reward. Thus, a Brefusal^ was recorded for
trials in which the subject did not select the image the re-
quired number of times, by Btiming out.^ For trials in which
the subject had to press the food image more than once
within a trial, there was a 3-s interval after the subject se-
lected the image before the presentations of the next image.
With each presentation of the image within a trial (and be-
tween trials), its location on the screen changed due to the
random placement of the image determined by the
ApeTouch software (Fig. 4). In this way, these trials looked
exactly the same as the training trials in Experiment 1, ex-
cept that the subject now had to make more than one selec-
tion before being rewarded (in the ≥2-cost trials). All testing
took place from June to December 2017.

Analyses To evaluate the gorilla’s valuations of the four foods,
as measured by the effort he was willing to exert to obtain
them (i.e., number of presses on the touchscreen), we gener-
ated demand curves for each of the foods following the
methods of Schwartz et al. (2016). To do so, we normalized
our data in line with the procedure proposed by Hursh and
Winger (1995; see also Schwartz et al., 2016) both for the
quantity Qf of food f eaten,

φ f ¼ log10
Qf

Q0 f

 !
100

 !
;

and for the cost C (i.e., the number of touches on the
touchscreen required within a trial to receive the food item)
associated with each phase of testing for obtaining the food f,

ϕ f ¼ log10
CQ0 f

� �
100

0
@

1
A;

whereQ0f is the estimated quantity of food eaten with minimal
cost. Next, and again following Schwartz et al. (2016), we
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fitted the logarithm of normalized consumption as a function
of the logarithm of normalized price with the exponential de-
mand equation proposed by Hursh and Silberberg (2008):

ψ f ¼ log10Q0 f þ k e−aQ0 f ϕ f −1
� �

;

where ψf is the dependent variable (i.e., the log-normalized
quantity of each food eaten at a given cost), k is the theoretical
(estimated) range of ψf in logarithmic units (for this study, we
set k at 1), and α is a parameter that determines the rate of
decline in relative consumption (log consumption) with in-
creases in price. Here it becomes clear that Q0, the estimated
quantity of food eaten with zero cost, becomes the intercept
value of this linear equation.

In developing this equation, Hursh and Silberberg (2008),
building on the earlier work of Allen (1962), proposed that the
parameter α is negatively related to value and allows for direct
comparisons to be drawn across the rewards offered to sub-
jects, or across the same reward offered to multiple subjects.
To estimate Q0 and α, we applied a nonlinear least-squares
estimate using the nls function for R (Baty et al., 2015).

To compare the gorilla’s preferences for the four foods
via the two methods (Exp. 1 and Exp. 2), we correlated
his essential values (i.e., 1/α) for the four foods against
his worth values for them (sensu Schwartz et al., 2016).
Since a Schapiro–Wilk test revealed that the worth values
were not normally distributed, we used a Spearman’s cor-
relation test for this comparison.

As for Experiment 1, all analyses were run in R version
3.3.2 (R Core Team, 2017) with RStudio (RStudio Team,
2016), The data and R script are available here: https://drive.
g o o g l e . c o m / d r i v e / f o l d e r s / 1 V O q t t U U c Q v -
QQ9I2En5h7K5vf7UVZ6OC.

Results

Demand curves for the four foods revealed that as the cost
required to obtain the foods increased, the subject was less
willing to exert the required effort (Fig. 5). Comparing the
demand curves in Figure 5 also shows the subject’s relative
preferences for the foods. The subject’s essential values (1/α)
and r2 values are presented in Table 1, again highlighting his
differential valuations of the four foods, with grape as his most
highly valued food item and cucumber as the lowest-valued
item. There was not a significant correlation between the sub-
ject’s worth values and essential values (rho = .4, r2 = .88, p =
.75; Fig. 6), although we note that the correlation coefficient
(.32) suggests only a medium effect size, likely due to the
small sample size (N = 4).

Discussion

To ascertain a subject’s true valuation of an item, it is impor-
tant to determine what cost that individual will Bpay^ to obtain
it. For example, laboratory-housed mice will exert effort to
obtain additional space in their home cage (Sherwin &
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Fig. 4 Screenshots of trials in Experiment 2 showing the 3-cost protocol as the example, in which the subject had to select an image of a food reward
three times before receiving that reward (in this case, a piece of turnip)
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Nicol, 1996); zoo-housed animals perform better in operant-
training sessions when rewarded with preferred foods
(Gaalema et al., 2011); and captive primates will walk farther
to obtain preferred foods than they will for lower-valued foods
(Hopper et al., 2015; Stevens, Rosati, Ross, & Hauser, 2005).
In our study, as the cost to obtain the four foods increased, the
subject’s willingness to complete the required number of
touchscreen presses to obtain the food rewards decreased.
However, his responses, as shown by the demand curves,
indicate that his willingness to work for the foods differed.
The close resemblance of the demand curves generated from
the subject’s responses in Experiment 2, when tested with a
touchscreen paradigm, to those of the capuchin monkeys test-
ed via a manual task by Schwartz et al. (2016) provides sup-
port for the efficacy of using touchscreens to evaluate pri-
mates’ food valuations.

The essential values for the foods revealed that grape was
the food that the subject valued most highly, mirroring the
results of Experiment 1. Experiment 1 revealed that his
least-preferred foods of the four presented were turnip and

cucumber. Similarly, his responses in Experiment 2 indicated
that he valued cucumber lowest of the four foods. However,
there was no significant relationship between the subject’s
worth values (Exp. 1) and essential values (Exp. 2) for the
foods, although the two values were positively correlated.
This lack of correlation across the two measures matches the
findings of Schwartz et al. (2016), who also found no corre-
lation between the capuchin’s food preference rankings and
their essential values for the same foods; however, our limited
sample size (one subject, four foods) prevents us frommaking
definitive conclusions about the relationship of the two
metrics.

General discussion

This assessment of testing primates’ food preferences and val-
uations using a touchscreen interface demonstrated that this
was an efficient and reliable method. The preference trials
(Exp. 1) could be run quickly and without experimenter bias,
and the subject readily participated in the test sessions because
every trial was rewarded (although no secondary reinforcer
was given). The success of the preference-testing protocol in
testing the subject’s relative food preferences, from both a
practical and a theoretical standpoint, suggests that it should
be further validated with other foods with this subject, with
other subjects, and with other test items. Such validation will
be key to evaluating the method’s applied success.
Additionally, Experiment 2 proved the efficacy of using
touchscreens to test primates’ food valuations by providing a
method to change the required cost to obtain the different
foods. Although this was a more time-consuming protocol
than the preference-testing method, the results may be more

Fig. 5 Normalized numbers of food items consumed by the subject as a
function of the normalized number of presses on the touchscreen that had
to be made to obtain a food reward (effort). All four food types are
presented together so that the different demand curves for each food
type may be compared visually

Fig. 6 The essential value of each of the four food rewards as a function
of the subject’s worth values for the same foods

Table 1 Foods, essential values (1/α), and r2 values depicted in Figure
5

Food Essential Value (1/α) r2

Grape 8,403.36 .846

Turnip 3,952.57 .744

Carrot 3,194.89 .902

Cucumber 1,798.56 .829
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theoretically informative (see Schwartz et al., 2016, for a
discussion). Again, further testing is warranted to validate this
technique.

Although the subject’s preferences and valuations of the
foods were not significantly correlated, there was a clear
positive correlation between the two measures. It will be
important to determine whether this relationship would be
found to be significant if more subjects were tested on this
paradigm. Schwartz et al. (2016) did not find a correlation
between their subjects’ essential values and food preference
scores. However, rather than using a nuanced measure of pref-
erence, as we did, Schwartz and colleagues only recorded the
monkeys’ preferences as rank scores, which does not reveal
relative degrees of preference across foods. We propose that
using worth values as a preference score provides a more
detailed picture of an animal’s relative preferences than does
using rank scores, and we propose that worth scores might be
as informative as essential values.

Moving forward, it is likely that these methods will be
applicable for use with any species that has good visual acuity
and can use a touchscreen. Offering primates and other captive
animals the option to make selections as part of their daily
routine is inherently beneficial to enhancing their welfare
(Kurtycz, 2015; Schapiro & Lambeth, 2007) and can impact
their performance in cognitive testing. For example, a recent
study showed that providing macaques with a choice over the
order in which they completed a suite of cognitive tasks im-
proved their performance as compared to yoked sessions in
which the same test order was presented, but in a
predetermined manner (Perdue, Evans, Washburn,
Rumbaugh, & Beran, 2014). In this way, the paradigm that
we evaluated could be used, not only to test preferences gen-
erally, but also provide captive animals with the opportunity to
make Bin the moment^ choices, including for test conditions.

Despite the efficacy of the preference-testing protocol
(Exp. 1), it is possible that this method might be vulnerable
to subjects with strong side biases, in which they habitually
select an image on one side of the touchscreen. It is likely that
the randomization of stimulus presentation would mitigate
this problem (and indeed we did not observe such side-bias
patterns in our test subject), or that this protocol might actually
help eliminate a subject’s side biases if the subject was moti-
vated to obtain more-preferred rewards. Additionally, without
additional control conditions we cannot ascertain with the
methods we have used here whether the subject perceived
the stimuli as photographic representations of the food or sim-
ply as cues that he associated with the different rewards,
learned via the initial training trials. Given primates’ demon-
strated ability to make cross-modal associations (e.g., from 2-
D to 3-D stimuli; Davenport, Rogers, & Russell, 1975;
Leighty, Menzel, & Fragaszy, 2008; Parron et al., 2008; see
Person, 2008, for a review), such associations likely explain
the success of the gorilla in our experiment.

Furthermore, we identified two key limitations to the meth-
odology that we used in Experiment 2 to assess the value of
learning the ape’s valuation of the four foods. First, because
we took advantage of existing software that we adapted for
this study, there was a 3-s interval between the presentation of
the stimuli within trials. Thus, the cost varied across phases
not only through the number of selections (image presses) that
the ape had to make, but also through the trial time. For ex-
ample, at the 3-cost level (Fig. 4), the trial duration was three
selections separated by two 3-s stimulus presentation intervals
(minimally, 6 s total), whereas at the 6-cost level, the trial
duration was six selections separated by five 3-s stimulus pre-
sentation intervals (minimally, 15 s total). Thus, we created a
test of delayed gratification, although it is notable that the
subject was actively engaged throughout the task, which
may have aided his performance (Evans & Beran, 2007).
Elimination of the interstimulus presentation time might result
in a decrease in the total trial duration across cost levels, per-
haps facilitating an increase in the number of trials per session.

Second, because the subject had to press a single image that
was repeatedly presented within a trial, the subject was unable
to assess the required cost to obtain the food at the beginning
of each trial. Given animals’ preference for discriminative
over nondiscriminative stimuli (e.g., Roper & Zentall, 1999),
we propose a modification to our methods that would provide
subjects withmore concrete information about the cost of each
trial. In Schwartz et al. (2016), monkeys were required to lift a
weighted tray in order to obtain a reward. Thus, the subjects
could sample the cost required at the beginning of a trial to
determine whether they wished to exert the required effort to
obtain the reward. We propose that our touchscreen paradigm
could be modified so that all the stimuli that the subject must
select to obtain the food reward would be presented simulta-
neously on the screen at the beginning of the trial. In this way,
at the start of each trial the subject would be shown the cost of
a given reward, represented by the number of stimuli on the
screen. Given primates’ (Beran, 2001; Judge, Evans, & Vyas,
2005; Santos, Barnes, & Mahajan, 2005) and other species’
(e.g., Pterophyllum scalare: Gomez-Laplaza & Gerlai, 2011;
Tursiops truncates: Jaakkola, Fellner, Erb, Rodriguez, &
Guarino, 2005; Ursus americanus: Vonk & Beran, 2012)
counting and quantity estimation skills, such an approach
should be applicable across species. Furthermore, since sub-
jects’ refusals (due to cost relative to reward value) would
occur at the beginning of the trial, rather than midway through
a trial (as occurred with our present protocol), more trials
could be run in a shorter time, conferring practical benefits
to this proposed modification of our protocol.

Building on previous work testing primates’ preferences
via both manual and eye-gaze protocols, we have evaluated
two touchscreen methods that can be successfully applied to
testing primates’ preferences for, and valuations of, different
food items. Our study adds to the growing number of
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measures that have been developed and evaluated to assess
preferences (e.g., Clark, Howard, Woods, Penton-Voak, &
Neumann, 2018). Future work will be required in order to test
the applicability of these methods for use with other species,
as well as the potential concord between worth values and
essential values, by assessing these protocols with more sub-
jects, but we believe that they have the potential to be broadly
applicable. It would also be informative to ascertain the vul-
nerability of individuals’ preferences to satiation, which is
especially important when considering reinforcer values
(e.g., Baxter et al., 2000) or in relation to motivation and effort
(e.g., Pace, Ivancic, Edwards, Iwata, & Page, 1985; Svartdal
& Mortensen, 1993), and which could be tested using para-
digms akin to the protocol we used in Experiment 2. These
methods could also be used to test how animals’ selection
behavior is modulated by relative preferences for the paired
stimuli (sensu Sánchez-Amaro, Peretó, & Call, 2015) or their
preferences for nonfood items (e.g., group mates, enrichment
devices; sensu Adams & MacDonald, 2018). Knowing not
just what animals prefer, but how motivated they are to obtain
certain items, is key when working in a captive context, in
terms of both maximizing welfare and enhancing experimen-
tal protocols (e.g., Fay & Miller, 2015).
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