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Abstract

This paper honors the contributions made by Anthony (Tony) Sclafani and Karen Ackroff to both
the Columbia University Seminar on Appetitive Behavior and to the field of ingestive behavior in
general. We review their use of the progressive ratio (PR) licking paradigm, to determine whether
the taste of sucrose, independent of its post-ingestive effects, is always positively reinforcing in
animals. They demonstrated a monotonic increase in licking as concentration increased, and
obtained results identical to those obtained with a lever-pressing paradigm, but licking was easier
and more natural than lever pressing. The PR paradigm was translated to evaluate liquid food
reward value in humans. An instrument (the sipometer) was devised that initially permitted a few
seconds access to small amounts of a sweet beverage as the participants increased the time to
obtain it in 3-5-sec increments. The device went through two refinements and currently delivers
the reinforcer and measures the pressure exerted to obtain it. The sipometer is compared with other
techniques for measuring motivation and reward. The use of the sipometer and the PR method are
discussed in relation to the theoretical challenges inherent in measuring motivation and pleasure,
from both psychological and behavioral economics perspectives, and why it is or is not important
to separate these processes for both theoretical and practical applications.
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1. Introduction

This is the last paper in a series that honors the contributions of Anthony (Tony) Sclafani and
Karen Ackroff both to the Columbia University Seminar on Appetitive Behavior and to the
field of ingestive behavior in general. The previous papers in this series have described
Tony’s and Karen’s work primarily in animals, with little translation to humans. In order to
achieve balance and to highlight recent applications of their work, this paper describes how
and why the application of the progressive ratio (PR) licking technique for measurement of
reward value in rodents was applied to the development of a human analog, the sipometer
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(Hogenkamp, Shechter, St-Onge, Sclafani, & Kissileff, 2017). The following topics will be
presented: a) a description of the animal studies that led to the development of the
sipometer; b) the evolution of the sipometer with its advantages and limitations; c) the
theoretical constructs underlying the interpretation of the data collected; d) comparison of
the sipometer with other methods; and €) problems with existing techniques and future
design of experiments that employ both natural and arbitrary, effort-requiring tasks.

2. Progressive ratio licking in rats: How and why it was employed for

measuring reward value of sucrose

In order to test the hypothesis that sweet taste reward increases monotonically with
concentration of sucrose solutions, and thereby demonstrate that reinforcing value of sweet
taste, rather than post-ingestional effects, was driving rats’ increased responses to obtain a
sweet taste, Sclafani and Ackroff (Sclafani & Ackroff, 2003) utilized a novel progressive
ratio licking task. Their goal was to verify, with a simpler procedure than had been used in
the past (e.g. alley running (Sheffield, Roby, & Campbell, 1954) or lever pressing (Guttman,
1953) that sweet taste is always positively motivating, and that intake measures mask the
motivating effects because increased satiation at high sucrose concentrations reduces intake.
The PR licking task minimizes intake, but increases the ratio of work output to reinforcer
obtained. (It should be noted that the terms “reinforcement” and “reinforcer” have
historically been defined differently in the psychological and behavioral economics
literature. This issue is discussed in more detail in section 4.2.) This task was built on the
original demonstration of Hodos (Hodos, 1961) that progressive increase in both the number
of lever presses and the break point (the number of presses at which responding stopped)
increased with the concentration of the milk used as reinforcer. Subsequently, Reilly (Reilly,
1999) applied the PR lever-press technique to sweet caloric (sucrose) and non-caloric
(saccharin) solutions. McGregor et al (McGregor, Saharov, Hunt, & Topple, 1999). were the
first to use a PR operant licking task in a study that compared the motivation of rats to
consume alcoholic (beer) and non-alcoholic (sucrose) solutions. It remained for Sclafani and
Ackroff (Sclafani & Ackroff, 2003) to demonstrate that both intake and breakpoint increased
with sugar concentration when sucrose solutions were the reinforcers in the PR-licking task,
whereas in a fixed ratio (FR) task, intake increased then decreased with concentration. The
advantage of the licking over the lever-pressing task and runway tasks was that it required no
learning or transfer of the animal to a special cage. Sclafani and Ackroff demonstrated that
the progressive licking technique produced identical results to lever-pressing, and was easier
to use. Their report ends with the prescient comment that “It is possible that a PR sipping
task using an operant drinking straw may be an effective means of evaluating liquid food
reward in human subjects.”

3. Development and evolution of the sipometer

3.1. First attempt

Tony asked the first author of this paper shortly after the PR licking paper (Sclafani &
Ackroff, 2003) was published, whether he would be interested in testing the PR licking
concept in humans. Since he was already doing human feeding studies and had extensive
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prior experience with reward concepts based on speed of eating in humans (Bobroff &
Kissileff, 1986), he agreed to test any device Tony could build. In 2006 Kissileff and
Sclafani began testing the concept that sipping on a straw could be an indicator of
motivation and/or reward value. Tony constructed a device that utilized pulling on a straw as
a proxy measure for sipping. The participant was positioned in front of a box from which the
straw emerged. The straw was connected to tubing that passed through a solenoid-activated
pinch valve, and was held by a clamp connected to a micro-switch, which was activated
when the straw was pulled forward. A computer monitored switch activated and opened the
solenoid to allow reinforcer flow through the straw, depending upon the reinforcement
schedule, when the subject exerted sufficient pressure. On the Continuous Reinforcement
(CR) schedule, the solenoid was opened as long as the switch was activated. On the PR 5-
sec schedule, the switch had to be activated by pulling on the straw for successive periods
increasing by increments of 5 s (i.e. 5, 10, 15, etc.), to open the solenoid for a 2-s period
during which the reinforcer was available. The reinforcer was a strawberry-flavored yogurt
shake that was unsweetened or sweetened with aspartame (12 g Equal® per 1106 g shake).
The human and animal paradigms differed slightly in that effort in human procedures would
be captured by progressive increases in the amount of time the response must be sustained,
while in animal PR procedures, the effort is measured by the number of responses, not the
amount of time responding. Eight men and eight women were studied under two schedules
of sipping (CR and PR) and two levels of sweetness (sweet and non-sweet shakes) presented
in counterbalanced order by means of a Latin square for each group of four.

Since it was not feasible to test several concentrations, as in the animal work, Kissileff and
Sclafani chose a sweetener difference (non-sweet vs. optimally preferred sweet based on
previous studies) (e.g(Bobroff & Kissileff, 1986; Drewnowski, Grinker, & Hirsch, 1982).)
that would be expected, based on liking ratings, to generate intake differences in humans.
The prediction was that on the PR compared to the CR schedule, participants would sip
significantly longer and therefore consume more, when they received the sweet, compared to
the non-sweet shake, but that overall, intake would be reduced on the PR schedule, thereby
reducing post-ingestional effects.

The result was not exactly what we had expected (all values from (Gondek-Brown et al.,
2007). Under both PR and CR schedules, subjects rated liking of the sweet shake
significantly higher than the non-sweet by 2.55 units + 0.57SE, (p < 0.0001; t3g = 4.46), and
on average, consumed approximately 100 g more per 1 unit difference on a 9 point scale of
liking (Peryam & Pilgrim, 1957), thus replicating a previous finding (Bobroff & Kissileff,
1986). However, intake of the sweet shake was significantly higher than that of the non-
sweet shake only under the CR condition (208 g + 68 g SE; p = 0.004; t3g = 3.07), and not
the PR (56 + 68 g SE; p = 0.41; t3g9 = 0.83). In addition, there was an unanticipated sex x
treatment interaction, such that the intake difference in males was greater than that of
females under both conditions combined by 240 g + 96 SE (p = 0.02; t3g = 2.5). Presaging
future findings, there were significant regressions of intake from palatability ratings taken
after the meal. The slopes of intake by liking rating were 65 g/unit £22 SE (p = 0.02; t =
2.99) for CR and 30 g/unit + 9 SE; p = 0.02; t = 3.24), for PR.
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A second study (see (Hogenkamp et al., 2017) for details) with the sipometer was more
consistent with expectations. Subjects consumed more of a yogurt shake drink when it was
offered ad libitum after 21 h, than 1 h, of food deprivation, but when they were required to
work on PR schedule, they worked harder (i.e. spent more time sipping), but did not
consume more after 21 h than 1 h of deprivation. There was no difference in rated liking
between the deprivation conditions. Thus deprivation changed the motivational, but not the
hedonic aspects (see below for further discussion of this issue) of ingestion, and the
sipometer was able to measure the motivational effect.

3.2. The second model

As a consequence of the first study, it was decided that a device that required detection of
actual sipping, not simply moving the straw, might be a better measure of the reward value.
Tony was able to arrange for a new pressure sensing device to be constructed at the Pierce
Laboratory with the help of Dana Small, who supervised the construction by engineer John
Buckley. We piloted a limited number of subjects (6 female and 4 male) with a chocolate
milkshake and found that, as in the first study, sweet intake was significantly higher than
non-sweet intake for the CR (difference = 170 g, + 75 SE, t (41) = 2.27, p = 0.03) but not PR
(difference = 61 = 75 SE). Although the results were similar to those in the first study,
participants consumed more sweet shake than non-sweet shake per second of reinforcement.
This behavior resulted in differences in reward size, that depended on the sweetness of the
shake, so we decided that a third modification was necessary.

3.3. The current sipometer

The sipometer went back to the Pierce Lab in 2011, and was modified so that liquid
reinforcement was delivered at a fixed rate using a peristaltic pump. Two types of studies
were conducted with the new device. In the first (Hogenkamp et al., 2017), eight women
were tested in a sham-drinking paradigm (i.e., sip and spit) with an aspartame sweetened
Kool-Aid compared to an unsweetened Kool-Aid, and in the second, (Merriam & Kissileff,
in preparation) a milkshake was consumed. In the sham drinking paradigm, more of the
sweet than non-sweet taste beverage was consumed under PR, but paradoxically, the
difference reversed with the CR schedule. A new measure of motivation or reward value was
introduced since we now had the ability to measure the actual sipping pressure exerted. The
pressure increments of each sip were totaled and the cumulative pressure provided a measure
of effort. Although the cumulative pressures during the appetitive phase were not greater for
the sweet than non-sweet beverage, there was a significant positive correlation between the
cumulative pressure and the rated enjoyment of the beverage, as well as the amount subjects
wanted which they rated in a taste test before they sipped.

In the second sipometer study, twelve men and twelve women were given chocolate
milkshakes to consume with the sipometer under two schedules of reinforcement (PR-3 sec
increment, and CR) crossed with two levels of sweetness, unsweetened vs. 10% sucrose
sweetened. Enjoyment rating, liking, and sweetness intensity ratings were higher for the
sweetened than non-sweetened shake, across all participants, regardless of reinforcement
schedule. Intake was significantly higher for sweet than non-sweet beverage during the CR
schedule, but not different on the PR schedule, as we found with the less refined version of
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the sipometer. However, when differences in measures that require musculo-skeletal action
as opposed to cognition or thinking, such as intake, cumulative pressure or time spent
sipping, were regressed against differences between sweet and non-sweet, hedonic measures
(e.g. enjoyment or liking), the differences between sweet and non-sweet emerged. It
therefore appears that measures of motivation in the absence of corresponding measures of
hedonics could give misleading negative results. Absence of motivation should not be
inferred from absence of responding, unless the hedonic values of the reinforcers are also
measured.

3.4. Advantages, disadvantages and potential applications

The big advance in translating animal to human work is that the sipometer is a semi-natural
way for reinforcement to be given to humans, which has a strong parallel to reinforcers
given to animals. The consummatory response of sipping is used as an operant just as licking
is used in animal studies. Sipping for small quantities of fluid is a common behavior in
humans, particularly when they are completing consumption of a palatable beverage and
little remains in the cup. The disadvantage is that people easily tire when the reinforcer is
not delivered, and they are not as persistent as hungry rats that have little else to do other
than work for food. Another disadvantage is that we do not really know what aspect (e.g.
motivation vs. pleasure) of ingestive behavior is being measured by the response. We
consider this issue in the next section. Nevertheless, the potential value of the sipometer
device remains to be seen where it could be used clinically to test hypotheses and potential
treatments for eating disorders and obesity, and industrially where it could be used to test
drugs and beverages. We will discuss the advantages and limitations further, after we
describe other methods and a theoretical framework.

4. Theoretical background

4.1. Constructs and measurements

In order to understand how the sipometer could be employed to solve problems related to
mechanisms controlling ingestive behavior, it is important to recognize that there are two
main constructs to which its use could be applied. Since Craig’s (Craig, 1918) early analysis
of behavior, it has been traditional to divide ingestive behavior into two phases; those that 1)
precede the act of consuming, called variously “appetitive”, “motivational”, “instrumental”
“incentive”, or “wanting,” and 2) those that follow consumption, called “hedonic”,
“affective”, “rewarding”, or “liking”. Much of the experimental work in the last four decades
has been an attempt to unravel the neuropsychology of these two phases by means of clever
instrumentation and experimental design to obtain the measurements that test the

relationships among the constructs.

4.2. Integration of psychology and behavioral economics: motivation component

Although he did not recognize it at the time, the fields of behavioral economics and
psychology converged in the work of (Hodos, 1961) and both are related to ancient wisdom:
“The reward is according to the exertion” (Mishna Avot 5:26 (Scherman & Zlotowitz, 1985),
p. 581). The ambiguity of this proverb underscores current problems in the field of ingestive
behavior. Does the exertion make the reinforcer more rewarding, or does the reward induce
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greater exertion to obtain it? This ancient Hebrew proverb also encapsulates modern
psychological theory of motivation, equivalent to: “the rationale for the obstruction box
procedure ((Moss, 1924; Warden, 1931)) was that the greatest intensity of electric current
which the animal would cross should correlate with variations in reward and deprivation”
[(Hodos, 1961), p.943]. Hodos developed the PR responding paradigm, in which an animal
must increase its number of responses in order to receive successive reinforcements, to
overcome the variability in outcome engendered by the use of electric shock to measure
motivation. The PR schedule was subsequently used in several fields outside of ingestive
behavior, particularly for measuring reinforcing value of brain stimulation and drug usage,
but the remainder of this review will be on use of the PR schedule in ingestive behavior.
However, before proceeding to that review, we note that, in rats, clusters of licks for sucrose
increase, with increasing effort requirements. This phenomenon, known as the “effort
justification effect”, has been interpreted as an indication that effort increases reward (i.e.
reinforcing) value (Dwyer, 2012). Thus, it is possible to demonstrate that effort can be both
an indicator of reward value and generator of it.

An important application of the PR schedule for ingestive behavior was how best to measure
the intervening variables that enabled animals and humans to change responding when either
their internal environment, or the stimulus that generated the response, was changed. This
problem was couched in the languages of reinforcement and behavioral economics, each of
which developed unique vocabularies.

In the psychological literature, “reinforcement” was used early on as both the object
obtained (i.e. a reinforcer) when a response was made to a stimulus which strengthened the
response and the description of a theory (see (Skinner, 1945)p. 272 for example.). The term
“reinforcer” refers to the object or reward obtained when a response was made to a stimulus.
The imposition of an obstacle or a task to obtain the reinforcer (as opposed to the reinforcer
being freely available), particularly those generated by sweet tastes, was used to separate
reflex from behavior, which had purpose and expectation (see A.N. (Epstein, 1982), cited by
(Berridge, 2004; Teitelbaum, 1966)). A persistent issue was how to separate behavioral
measurement of motivation (drive, incentive, or “wanting”) from pleasure (hedonic value,
reward, or “liking™) as the underlying set of processes that accounted for the behavior.

In behavioral economics (see (Epstein, Leddy, Temple, & Faith, 2007), for review,
particularly p. 891, from which the following was extracted): reinforcement theory was
extended so that reinforcers were considered as commodities and behavioral cost as
equivalent to price. A basic principle of economics is that increasing the price of a
commaodity reduces purchases, just as increasing the behavioral cost of obtaining a
reinforcer reduces consumption (Bickel, Marsch, & Carroll, 2000). Consistent with this
notion, L. Epstein and colleagues (Epstein, Dearing, Paluch, Roemmich, & Cho, 2007)
hypothesized that willingness to pay more for a commaodity was related to reinforcing value
of that commaodity (Epstein et al., 2007).

4.3. Relation of hedonics to motivation in reward: problems and solutions

When the amount an animal consumed was the measure of either motivation or reward,
experimenters could not determine from the behavior alone whether intake effects were
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attributable to a change in motivation (e.g. by deprivation, lowering of blood glucose,
increased extracellular osmotic pressure), onset of satiation (due to gastric distention,
secretion of hormones, or neurotransmitter release), or change in hedonic value of the item
being consumed. The interpretation of results from these sorts of experiments was not clear,
because either a) the neural interpretation of the sensory quality of the stimulus, or b) the
animal’s internal state, changed during the course of the experiment.

In order to resolve conflicting interpretations (e.g., attribution to pleasantness of the
reinforcer or motivation to consume it) of the mechanism underlying intake changes during
experimental manipulations, a variety of techniques were introduced, all of which attempted
to reduce the effects of the accumulation of stimulus in the animal’s body (i.e, mainly in the
stomach and intestine), although a similar critique could be leveled at these procedures as
well, because of prolonged stimulation of receptors in the mouth. Procedures that were
employed to reduce or eliminate post-ingestive signals included a) sham feeding/drinking,
wherein the reinforcer drained out a fistula in the esophagus or stomach or spit out in human
studies; b) the use of schedules of reinforcement that involve arbitrary motor responses (e.g.
nose poking, lever pressing, running down an alley) for receipt of the reinforcer after varying
amounts of effort are expended; ¢) reinforcement of consummatory responses such as
licking; d) intra-oral infusions coupled with observations of oromotor and somatic responses
responses; or e) reinforcers that directly stimulate the neural structures that presumably
underlie the rewarding effects of sensory stimuli, such as electrical or chemo-stimulation of
the brain.

5. Hedonics and motivation in humans

5.1. Basic ideas for separation of motivational and hedonic aspects of reward

The principles described above, mainly derived from animal studies, led to attempts to
separate the motivating from hedonic aspects of ingestion in humans. Berridge (Berridge,
1996) proposed that the reward system (mainly from an animal perspective) is comprised of
both “liking” and “wanting” elements which are undergirded by both overlapping and
distinct neural structures. In this framework, “liking” is the conscious perception of
pleasantness, manifested by objective evaluation of oromotor and somatic responses that
indicate “reward value” of food. The construct of liking has been linked to opioid/
endocannabinoid/orexin networks in the nucleus accumbens, ventral pallidum, and other
forebrain limbic structures, while “wanting” is a motivational drive for foods linked to
dopamine/opioid networks in the nucleus accumbens, striatum, amygdala, and mesolimbic
systems (Berridge, Ho, Richard, & DiFeliceantonio, 2010).

5.2. Application of the principles to measurements

5.2.1. Choice tasks as measures of reward—Finlayson and colleagues (Finlayson,
King, & Blundell, 2007a) applied Berridge’s theory of liking and wanting by measurement
of the hedonic aspect with a questionnaire, and the motivational aspect with a computerized
choice task in which explicit wanting was determined by how many times an item was
selected, while implicit (i.e. non-cognitive) wanting was measured by reaction time.
Subsequently, Dalton and Finlayson (Dalton & Finlayson, 2014) found that “trait binge
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eating”, was attributable, in part, to enhanced implicit wanting for sweet foods with high fat
content.

An advantage of choice tests with computerized photo-based paradigms is that they can be
used in tandem with fMRI technology which can potentially illuminate the neural basis for
subjective self-report ratings. Lemmens et al. (Lemmens et al., 2009), found that
consumption of highly liked sweet dessert foods produced greater reduction in wanting of
foods across categories (i.e. sweet, dessert, and general), than did consumption of a neutral,
sufficiently liked food. Consumption of dessert, but not a neutral food, also decreased liking
for other foods in the dessert category. Born et al (Born et al., 2011). also linked liking on a
food choice paradigm (task-related signaling in a pre-meal in fasting state) to the thalamus
and occipital visual areas by means of fMRI. Wanting-related activity in the brain was
reduced in the caudate from fasting to sated conditions, but liking activity reduction was
seen in the anterior insula. Thus, liking and wanting mechanisms could be controlled by
both overlapping and distinct brain structures.

5.2.2. Use of variable ratio schedules for “values” measures of reward—
“Reinforcing value” has been defined as “the amount of work an individual will perform to
receive a given reinforcer in the presence of alternative reinforcers and changing schedule
demands” ((Bulik & Brinded, 1994) p. 666). Subjects worked on a variable ratio schedule in
which the requirement for reward increased progressively from VR5, to VR300 for points
exchangeable at the end of a computer game for either food or cigarette reinforcement.
Reinforcements were consumed after every two games. Subjects worked harder for food
when deprived, but did not consume more. This result is consistent with the deprivation
study with the sipometer reported above (Hogenkamp et al., 2017). Leonard Epstein
(Epstein, Truesdale, Wojcik, Paluch, & Raynor, 2003) and colleagues followed up on these
studies but added a 10-point hedonic-value scale, to measure reinforcing value of food after
deprivation, compared to no deprivation. The deprived group made significantly more
responses than the non-deprived group on the VR32 schedule, but showed no difference in
their hedonic evaluation rating. In Epstein’s framework (see (Epstein et al., 2003) p.221),
tmotivation or wanting was equated with the incentive or reinforcing value of food, and
measured by the effort expended to obtain food, while the hedonic value of food (i.e. liking)
was measured by subjective ratings of palatability or the pleasantness of food. In a study of
liking and wanting in obese versus non-obese individuals, the number of responses was
higher for obese than non-obese at reward ratios above 128 responses per reinforcement.
Furthermore, the reinforcing value of food was a significant predictor of energy intake (p =
0.002), but self-reported liking of the favorite food was not (p = 0.72). The results were
interpreted to mean that relative reinforcing value of food may be more influential in
determining food intake (Epstein et al., 2003, 2007) than liking.

5.2.3. Progressive ratio schedules—Nasser et al (Nasser, Evans, Geliebter, Pi-Sunyer,
& Foltin, 2008). adapted a variant of the Bulik-Brinded (Bulik & Brinded, 1994) procedure
by changing the schedule from VR to PR 20 (i.e. after each reinforcement, an additional 20
taps on the computer key was required to obtain the next reinforcement). As in the Bulik-
Brinded study, participants chose between food and money. Obese individuals with and
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without binge eating disorder (BED) were tested, and reinforcing value of food (i.e.
breakpoint) dropped after feeding in the non-BED group, but increased in the BED group.
These changes resulted in significantly higher breakpoints for food after feeding in the BED
group. The breakpoint (the highest ratio achieved in the 10 trial session) was the primary
metric in Nasser et al. whereas the number of responses was the metric in the Bulik and
Brinded study. In both studies, obese individuals were more motivated than controls to
obtain food.

Utility of the PR approach was also demonstrated in another clinical study (Schebendach,
Broft, Foltin, & Walsh, 2013) in which binge eaters were instructed to work for yogurt shake
on a PR schedule, under binge and non-binge instructions. Participants ate the shake in the
amount that they earned after completion of the task. Binge eaters worked significantly
harder and consumed more of the milkshake under binge instructions than did healthy
controls, but binge eaters worked significantly less and consumed less than non-binge eaters
when they were asked not to binge. It should be noted that Schebendach et al (Schebendach
et al., 2013) use the term “hedonics” to refer to reinforcing value, in contrast to mainstream
authors in the field who use “hedonics” and “liking” interchangeably, and consider both
distinct from *“wanting” or motivational processes. Consequently, it is unclear whether
differences in effort expended by binge eaters was related to differences in wanting or liking
in this study.

The PR schedule was also used to measure “reward value” for M&M candies in a paradigm
validated with a depression model (Willner et al., 1998) on patients after Roux-en-Y gastric
bypass. Patients worked as hard as controls before surgery (equal break points), but after
surgery, reduced responding at a rate below the level of controls (Miras et al., 2012). Sweet
taste detection thresholds were lower after surgery than before, but “just right concentration”
was the same as controls’ (Bueter et al., 2011). These results could be interpreted as greater
reduction in the motivational aspect (“wanting”) than the hedonic (“liking”), as a result of
the operation, but the rating of “just right” concentration is not the same as evaluation done
by a sensitive hedonic rating scale (e.g(Kalva, Sims, Puentes, Snyder, & Bartoshuk, 2014).),
which employs magnitude estimation logic across concentrations. This paradigm is the
solid-food counterpart of the sipometer that used liquid reinforcers.

5.2.4. Delay discounting of reward—Another aspect of reward measurement that
deserves consideration is the relationship between the effort expended and the temporal
delivery of the reward. Several procedures have been developed to compare the reward value
of immediately available rewards with delayed delivery. This research, originally pioneered
by Mischel (Mischel, Ebbesen, & Raskoff Zeiss, 1972), led to the concept of “delay
discounting,” which is defined as the preference for smaller, proximal rewards rather than
larger delayed ones (Epstein, Salvy, Carr, Dearing, & Bickel, 2010) p. 438) Delay
discounting is a direct consequence of Herrnstein’s matching law that choice depends on
relative rate of reinforcement, which is lower when there is a delay that devalues the reward
(see (Bickel, Johnson, Koffarnus, MacKillop, & Murphy, 2014) for review). The value of the
reward diminishes with the length of the delay, and this devaluation is measurable. This
phenomenon is important because “obese versus lean humans also show behavioral response
inhibition deficits on stop-signal and go/no-go tasks involving both food and non-food
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stimuli, and a preference for immediate food reward over larger delayed rewards” (See
((Stice, Lawrence, Kemps, & Veling, 2016) for references and review, p. 18). The sipometer
is a valuable tool for measuring reward because the reward is immediate rather than delayed,
as in the paradigms described above.

5.2.5. Affective reactions measured by facial (i.e. oro-skeletal) movements—In
order to assess hedonic reactions independently from motivated behavior in response to food
or drink, investigators have used facial affective reactions in human newborns elicited by
taste stimuli as a hedonic measure of liking (Steiner, Glaser, Hawilo, & Berridge, 2001).
These studies were based on animal work by (Grill & Norgren, 1978). Facial affective
reactions of human newborns and non-human primates in videos were compared during
sucrose administration to both species, and the spontaneous facial expressions elicited by the
taste were coded for frequency and duration of distinct facial movements. The use of facial
reactions as measures of hedonic response has been widely used in the animal literature (e.g
(Myers, 2017).), but has been relatively limited in humans, with the exception of
(Winkielman, Berridge, & Wilbarger, 2005). Winkielman et al. employed a subliminal
projection of facial reaction to test the hypothesis that there are implicit (i.e. non-cognitive)
affective components that control behavior. Their participants drank more beverage when
they had been shown happy compared to unhappy faces for a duration too short to process
cognitively (16 ms) and their interpretation was: “basic affective reactions can be
unconscious and interact with incentive motivation to influence assessment of value and
behavior toward valenced objects” ((Winkielman et al., 2005) p. 121).

5.3. Comparative merits and limitations of the sipometer compared with other measures

Given the variety of methods that are available for measuring rewarding properties of foods
and beverages and motivation of individuals to consume them, the sipometer has several
advantages. First, it can directly measure the effort expended by the individual for an
immediately received reinforcement. It therefore allows translation of the many paradigms,
such as changes in beverage properties, administration of drugs, and variations in body
weight, used in animals, to similar manipulations in humans. It is an uncomplicated
instrument that allows, in addition to the number of responses (i.e. times the individual sips
and swallows, similar to licking in the rat), measures of the actual pressure patterns exerted
and the energy expended in physical units (force per unit area). Second, the reinforcer does
not require intermediary mental processing, or devaluation as a result of delay. Third, the
value of the reinforcer is related directly to the number of reinforcements obtained and does
not require comparison with another reinforcer as in choice tests. The sipometer can also be
used in conjunction with neuroimaging studies to test hypotheses about motivation while a
subject is actually working for the reinforcer. The last advantage is that sipping is a natural
behavior connected to consuming beverages, and therefore no special training is required for
the use of the technique. This advantage could be a particularly important for the
measurement of reward in individuals who are cognitively impaired, immature, or simply
not capable of performing some of the complex behavioral tasks required by the other
measures of motivation and reinforcing value. There are two main limitations. First,
individuals report that working for the reinforcers is slightly aversive and this aversion can
potentially cause their devaluation. This effect has been measured by comparison of ratings
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of liking after individuals work for equal amounts of reinforcer on continuous reinforcement
or progressive ratio schedules. The other limitation is that only liquid reinforcers can be
used. However, given that one fifth of energy intake in the US is attributable to beverages
(Barquera et al., 2008), this is not a severe limitation.

6. Critique of wanting and liking dichotomy and PR schedule sipping

6.1. Ambiguity in existing theory and practice

Both hedonic and motivational processes are altered in obese compared to non-obese
individuals. However, it is not clear a) whether it is productive to dichotomize these
processes in humans, although the separation in animals is clearer, and b) whether work for a
reinforcer measures “reward value”, “reinforcing value” and “food reinforcement”, as
motivational or hedonic (.i.e. experienced pleasure) processes, or both. The main problem is
whether the operations used to measure liking and wanting simply capture different
manifestations of the same underlying process, or two different processes. Ambiguity exists
because the transition from deprived to non-deprived state (or the converse), is accompanied
by processes that are both behavioral (interest in and willingness to work for, reinforcer) and
cognitive (pleasure from reinforcer), both of which are reflected in the operations that
supposedly measure wanting and liking. Alternatively, changes in the composition and
consequent perception of the reinforcer (e.g. sweet or non-sweet) can change both hedonic
and motivational processes. There has been a running debate in the field since Finlayson and
Blundell first proposed their operational separation with their questioning paper (Finlayson
et al., 2007a) and follow up review in 2007 (Finlayson, King, & Blundell, 2007b). Without
going into details which are available in the following: (Finlayson & Dalton, 2012),
(Havermans, 2011) (Havermans, 2012), there is still no consensus about whether wanting
and liking can be separately assessed by non-subjective operations.

There have been further attempts to fill both the practical and theoretical gaps necessary to
determine whether PR responding measures reward value, motivation, or both, and whether
the distinction is unnecessary, but there appears to be no consensus. One recent review
(Pool, Sennwald, Delplanque, Brosch, & Sander, 2016) proposed that expected pleasure
could be an important determinant, but this construct has its own set of difficulties
(Kahneman & Snell, 1992). In our own work (Hogenkamp et al., 2017), we previously
proposed that the manipulations, deprivation to measure motivation, sucrose concentration to
measure hedonics, determined what the procedure actually measured. However, given that
any manipulation affects both systems, in the absence of a neurological intervention that
actually inhibits or excites pathways known for specificity of the two constructs, it remains
an open question what responding on the PR schedule actually measures. Nevertheless, the
weight of evidence favors the PR schedule or any action to obtain a reward as a measure of
the motivational, rather than the affective/hedonic axis, because motivation requires action,
whereas pleasure is simply experienced, and is therefore passive. It is not possible to infer
liking or pleasure simply from the fact that a subject is willing to work for a reinforcer. Nor
can one conclude that because a reinforcer no longer supports action, that it is no longer
eliciting pleasure. After consuming a large amount of a pleasing reinforcer, individuals may
stop working to receive the reinforcer, and while their momentary liking (i.e. pleasantness),
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measured independently, after consumption, declines, it does not decrease to zero (Rolls,
Rolls, Rowe, & Sweeny, 1981). Consequently, although sweet tasting beverages may elicit
more pleasure than non-sweet tasting beverages, in our studies with the sipometer
((Hogenkamp et al., 2017) the motivating aspect of that pleasure was captured by the sipping
response, and questionnaires used in conjunction with the task captured the hedonic aspect.
Hence attribution of reinforcing or reward “value” to a stimulus because work was used to
obtain it, implies that the “value” supports motivation, but does not necessarily imply that it
was pleasant. It is thus possible to have motivation in the absence of pleasure and
pleasantness in the absence of motivation.

6.2. Use of the PR response to discriminate liking from wanting can still be useful

The inability of an intervention, or even a theory, to identify a process with certainty, does
not mean we should give up trying to create better theories or find the underlying
mechanisms by which rewards generate behavior. It is important to continue the effort to
develop theoretical pathways by which reinforcers exert their effects. If such development
can identify biological mechanisms that underlie disturbances in motivated/rewarded
behaviors, interventions targeting motivational disturbances could be developed and tested
experimentally. The sipometer and other measures simply tell us how strongly the subject
responds to the stimulus, but they do not measure the intensity of any of these variables
(liking, wanting, etc.) by themselves. If the items in the experimental model are amenable to
measurement and direction of action, it is possible to evaluate the entire model or its
individual component’s contributions, but because there are linkages, it is not possible to
measure the contribution of independent components by themselves unless the components
can be somehow unlinked. The importance of differentiating mechanisms of wanting and
liking was highlighted in a recent editorial (Finlayson, 2017), which provides a rationale for
continuing the search for mechanisms underlying these constructs in humans.

6.3. Future applications

Measurement of both the motivational and hedonic properties of foods and beverages is
important for understanding how both motivation and hedonics can be disturbed in patients,
who can then be treated for the disturbance. The sipometer has potential application for both
measurement and treatment. Individuals could be trained to tolerate delay of reward and the
instrument could be used to measure progress in treatment for impulsive eating. More
generally, there is a need for development of equipment that can both monitor and
manipulate rewarding aspects of ingestion. The application of microchip technology for the
treatment and monitoring of ingestive behavior disorders should be a high priority for the
scientific community through the detection and provision of feedback for motivation to
consume, and for the pleasure that consumption induces.
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