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Abstract 

Appetitive behavior is stronger when organisms are given a variety of foods than when 

they are repeatedly given the same food (the variety effect). Two experiments examined the 

variety effect in an operant food-seeking task. In both experiments, rats received a 45-mg food 

pellet for every 4th lever press over a series of daily 30-min sessions. The rats responded at a high 

rate early in the session, but the rate declined systematically over time within the session. In 

Experiment 1, providing grain and sucrose pellets unpredictably caused a slower within-session 

decline in responding than presenting either type of pellet consistently. Switches to the alternate 

pellet caused lawful changes in response rate that reflected both habituation and incentive 

contrast processes. In Experiment 2, an experimental group received grain only and sucrose only 

in daily alternating sessions. In sucrose sessions, they responded more than controls that always 

received either sucrose or grain (a type of variety effect); in grain sessions, they responded less 

than the controls. The results indicated a within-session variety effect that was controlled by 

habituation processes and a between-session variety effect that was controlled by incentive 

contrast. Both types of processes can come into play when organisms are exposed to food 

variety. 

Keywords:  Variety effect, food habituation, stimulus specificity, incentive contrast  
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Food consumption is higher when the meal or diet includes a variety of foods instead of a 

single food (e.g., Raynor & Epstein, 2001). This variety effect has been demonstrated in both 

humans and animals, and is one of many factors that might influence eating and overeating. One 

explanation of the variety effect is that exposure to a mixture of foods might retard the 

organism’s habituation to food. When organisms are repeatedly given the same food, 

consumption or instrumental responding for it decreases (e.g., Epstein, Temple, Roemmich, & 

Bouton, 2009). Exposure to different foods might slow the habituation process. For example, 

Temple, Giacomelli, Roemmich, and Epstein (2008) found that food variety influenced the rate 

of habituation in children engaged in a food-seeking task. Children received food rewards for 

playing a simple video game. When the food varied from occasion to occasion, the decline in 

response rate observed within a 30-min test session was slower than when the food was never 

varied. Similar results have been shown with adults (Myers Ernst & Epstein, 2002). In addition 

to demonstrating the influence of variety on food habituation, these studies, as well as others, 

suggest that habituation processes influence motivated food-seeking, that is, instrumental 

(operant) behavior that is reinforced by food. 

Several well-known features of habituation could contribute to the variety effect. First, 

habituation is “stimulus-specific”; responding might recover from habituation to some extent 

whenever the food is changed (e.g., Epstein, Saad, Handley, Roemmich, Hawk, & McSweeney, 

2003). Second, repeatedly changing the food might repeatedly cause dishabituation (e.g., 

Epstein, Rodefer, Wisniewski, & Caggiula, 1992), the recovery of responding that occurs to an 

habituated stimulus when another stimulus is presented. Third, presenting a variety of foods 

would increase the interval between successive presentations of the same food. Given stimulus-

specificity, this might slow down the habituation of responding to a food, because the rate of 
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habituation is generally thought to decrease by increasing the spacing between trials (e.g., 

Rankin et al., 2009). By any or all of these mechanisms, food variety might maintain appetite by 

slowing down the trial-to-trial habituation to food. 

As in humans, food-seeking in animals may be influenced by food habituation. For 

example, many experiments have shown that food-reinforced operant behavior (e.g., lever 

pressing) can systematically decline within an experimental session (e.g., McSweeney, Hinson, 

& Cannon, 1996; McSweeney & Murphy, 2009; McSweeney & Swindell, 1999). McSweeney 

and colleagues have presented evidence to suggest that the decline can be due at least partly to 

habituation to the reinforcer. However, the variety effect has received relatively little attention in 

animal instrumental food habituation paradigms. McSweeney, Murphy, and Kowal (2004) found 

that varying the duration of access to a food reinforcer can slow down the habituation of operant 

responding in pigeons and rats. But we know of only one experiment that studied the effects of 

qualitative variation in the appetitive reinforcer on habituation in an instrumental task (Melville, 

Rue, Rybiski, & Weatherly, 1997, Experiment 1). In that experiment, rats were reinforced for 

lever pressing with a grape flavored liquid. Variety was manipulated by substituting one of three 

pellet reinforcers (each a random third of the time) for the liquid; different groups received 

pellets on different percentages of the occasions. Although “variety” manipulated this way 

slowed the rate of habituation, the result is equally consistent with the possibility that the food 

pellets were merely more reinforcing than the grape solution they replaced. There is surprisingly 

little unambiguous evidence of the variety effect in animal food-seeking habituation paradigms. 

The present experiments therefore studied the effects of variety on habituation in an 

operant learning task in rats. They extended a procedure introduced by Aoyama and McSweeney 

(2001). Over a series of daily 30-min sessions, the rats received a 45-mg food pellet for every 
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fourth lever-press response (a Fixed Ratio [FR] 4 reinforcement schedule). As reported by 

Aoyama and McSweeney, the rate of lever pressing at the start of each session was very rapid, 

but declined systematically over time within the session. Although several factors could 

contribute to that decline (e.g., fatigue and/or satiation), a role for habituation was suggested by 

the fact that several dishabituating events (e.g., withdrawing the lever from the chamber for 3 

min) introduced in the middle of the session increased the rate of responding subsequently. We 

reasoned that if the within-session decline were due to food habituation, then it should also be 

slowed by providing a mixture of different food pellets—a variety effect. We also reasoned that 

substituting an alternative pellet for the habituated pellet in the middle of the session should lead 

to an increase in responding—a stimulus-specificity effect. Although stimulus-specificity has 

been shown with the habituation of food consumption in animals (e.g., Swithers & Martinson, 

1998), we are not aware of studies that have demonstrated it in a food-seeking (operant) task.  

Experiment 1 

 The first experiment examined variety and stimulus-specificity effects in the Aoyama and 

McSweeney preparation. Three groups of rats were allowed to lever press on an FR-4 schedule 

over a series of daily 30-min sessions. During each session, an experimental (variety) group 

received an unpredictable mixture of 45-mg sucrose and grain-based pellets for lever pressing. 

Two control groups received only grain and only sucrose pellets in alternating sessions. One 

group received grain pellets on odd-numbered days and sucrose pellets on even-numbered days, 

while the other received sucrose on odd-numbered days and grain on even-numbered days. On 

any day, we could thus compare the local rates of food-seeking in animals that were receiving an 

unpredictable mix of grain and sucrose with rats that were consistently receiving either grain or 

sucrose. Because the control groups had received the alternate pellet type on the previous day, 
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cumulative exposure to the two reinforcers was approximately controlled. Part way through a 

final test session, one of the controls was switched from grain to sucrose, and the other from 

sucrose to grain. Note that the “new” pellet was approximately as familiar as the old. The Variety 

group was switched from intermixed grain and sucrose to consistent sucrose pellets only. The 

switch to sucrose, which was potentially a better reinforcer than grain, provided a conservative 

test of whether switching from variety to a consistent single pellet would decrease the rate of 

instrumental responding. 

The habituation analysis makes at least three clear predictions in the present experiment: 

There should be (1.) a slower decline in response rate each session in the variety group than in 

the controls; (2.) an increase in responding in the final test when the controls were switched to 

the alternate pellet mid-session; and (3.) a decrease in response rate in the final test when the 

variety group was switched to consistent sucrose. 

Method 

Subjects 

Thirty-two naive female Wistar rats purchased from Charles River Laboratories (St. 

Constance, Quebec) participated in the present study. They were between 75 and 90 days old at 

the start of the experiment and were individually housed in suspended wire mesh cages in a room 

maintained on a 16:8-h light:dark cycle. The rats were food deprived to 80% of their initial body 

weights throughout the experiment.  

Apparatus  

The apparatus consisted of two unique sets of four conditioning chambers (Med 

Associates, St. Albans, VT, model ENV-008-VP). All boxes measured 30.5 x 24.1 x 23.5 cm 

(length x width x height). The floor was made of stainless steel grids (0.48-cm diameter) and the 
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ceiling and sidewalls were made of clear acrylic plastic. The front and rear walls were made of 

brushed aluminum. A recessed 5.1 x 5.1 cm food cup was centered in the front brushed 

aluminum wall 2.5 cm above the floor. In both sets of boxes, a retractable lever (4.8 cm long and 

positioned 6.2 cm above the floor grid) was positioned to the right of the food cup. When 

extended, the lever protruded 1.9 cm from the front wall. A 28-V panel light (2.5 cm in diameter) 

was attached to the wall 10.8 cm above the floor and 6.4 cm to the left and right of the food cup. 

Ventilation fans provided background noise of 65 dB.  

The two sets of conditioning chambers had unique features that allowed them to be used 

as different contexts (counterbalanced). In one set of boxes, one acrylic plastic sidewall had 

black diagonal stripes, 3.8 cm wide and 3.8 cm apart. The ceiling had similarly spaced stripes 

oriented in the same direction. The chambers were illuminated by one 7.5-W incandescent bulb 

mounted to the ceiling of the conditioning chamber, 34.9 cm from the grid floor, near the back 

wall. A distinct pine odor was continuously presented by placing 5 ml of Pine-Sol (Clorox Co., 

Oakland, CA) in a dish outside the chamber. The floor grids were spaced 1.6 cm apart (center to 

center) on the same plane. The other set of boxes had no distinct visual cues and the floor grids 

were staggered such that odd- and even- numbered grids were mounted in two separate places, 

one 0.5 cm above the other. The chambers were illuminated by one 7.5-W incandescent bulb 

mounted to the ceiling of the conditioning chamber, 34.9 cm from the grid floor, near the front 

wall. The continuous odor cue was provided by 5 ml of Rite Aid lemon cleaner (Rite Aid Corp., 

Harrisburg, PA).  

There were two reinforcers. One was a 45-mg grain-based food pellet (MLab Rodent 

Tablet [5TUM], from Test Diet, Richmond, IN, USA), and the other was a 45-mg sucrose pellet 

(Sucrose Tablet [5TUT], from TestDiet, Richmond, IN, USA). The different pellets were 
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delivered by separate feeders that delivered their pellets to the same food cup. The apparatus was 

controlled by computer equipment located in an adjacent room.   

Procedure 

Magazine training. On Day 0, all rats received magazine training during 30-min sessions 

that were conducted in Context A and then Context B (the sessions were spaced approximately 3 

hrs apart). In each session, approximately 60 pellets were delivered to the rat noncontingently 

every 30 s (on average). The type of pellets presented in each context was determined by group 

membership (described below). The levers were retracted during these sessions.  

Response training. On Day 1, lever press training began. The subjects were divided into 

three groups. Group Grain (n = 10) received grain pellets in Context A and sucrose pellets in 

Context B. Group Sucrose (n = 10) received sucrose pellets in Context A and grain pellets in 

Context B. Group Mix (n = 12) received a mixture of grain and sucrose pellets in both Contexts 

A and B. Sessions alternated daily between Contexts A and B. In each session, two minutes after 

the rat was placed in the box, the lever was inserted and the reinforcement schedule was in effect 

until the lever was retracted 30 mins later. Lever presses were reinforced on a fixed ratio four 

schedule (FR-4). Hand shaping was not necessary. For rats in the mixture group, delivery of the 

grain and sucrose pellets was random throughout each session with the restriction that there 

could be no more than four consecutive presentations of a particular pellet type. Response 

training continued for 17 consecutive days with exposure to each context alternating across days. 

The 17th session, conducted in Context A, was designed as a baseline session for comparison 

with performance in the Test session conducted in the same context on the next day.  

Test. Stimulus specificity was tested on Day 18 in Context A. During the first 10 min of 

the session, each rat received a treatment identical to that received during the baseline session on 
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Day 17. At the end of min 10, Group Sucrose began receiving grain pellets on FR-4 (instead of 

sucrose) and Group Grain began receiving sucrose (instead of grain). Group Mix was switched 

from the unpredictable grain and sucrose pellets to sucrose pellets only. Responding was 

monitored for the 20 min after the pellet switch and compared with performance during the 

preceding baseline session. Previous unpublished research with this method has revealed 

remarkable stability in lever press performance over days at this point in training. 

Data analysis. We focused on performance in Context A, where one of the control groups 

consistently received sucrose pellets and the other consistently received grain pellets. (Results in 

Context B, where the controls received the opposite pellets, were consistent and entirely 

complementary.) All results were evaluated with analyses of variance (ANOVAs) using p < .05 

as the rejection criterion. 

Results 

Acquisition phase 

Within-session patterns of food-seeking. The results of the acquisition phase are presented 

in Figure 1, which shows responding for each group over time in the session (x axis) over 

successive two-day blocks in Context A (separate panels). The groups rapidly acquired the food-

seeking response, and quickly revealed the pattern of decreasing responding within each session 

that was reported by Aoyama and McSweeney (2001). Although responding for sucrose pellets 

was eventually higher than that for grain pellets, responding for the mixture (Group Mix) was 

quickly and consistently higher than responding for either pellet alone. These impressions were 

confirmed by a 3 (Group) x 4 (2-Day Block) x 30 (Time Bin) ANOVA, which revealed main 

effects of Group, Day, and Time, minimum F(2, 29) = 60.16, MSE = 1575.41. The effect of 

Group interacted with both Day and Time, minimum F(58, 841) = 2.89, MSE = 112.59, and the 
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effect of Day interacted with Time, F(87, 2523) = 13.06, MSE = 58.22. Finally, the three-way 

interaction between Group, Day, and Time also reached significance, F(174, 2523) = 1.20, MSE 

= 58.22. Pairwise comparisons revealed that Group Mix responded more than both Groups Grain 

and Sucrose in all panels of Figure 1 (all ps < .01). Group Sucrose was also higher than Group 

Grain in all the panels (all ps < .05). 

A second ANOVA compared responding for the grain and sucrose reinforcer over blocks 

in the two controls. A 2 (Group) x 4 (2-Day Block) x 30 (Time Bin) ANOVA revealed main 

effects of Group, Day, and Time, minimum F(1, 18) = 30.19, MSE = 1163.08. The effect of 

Group interacted with both Day and Time, minimum F(29, 522) = 3.87, MSE = 74.08, and the 

effect of Day interacted with Time, F(87, 1566) = 9.10, MSE = 48.24. Once again, the three-way 

interaction between Group, Day, and Time was significant, F(87, 1566) = 1.45, MSE = 48.24. 

The results suggest that sucrose pellets may be a more effective reinforcer than grain pellets, and 

that the difference increased over training. But most important, habituation occurring within each 

30-min session was also clearly modulated by a variety effect. 

Between-session patterns of food-seeking and energy consumption. The lever-press rates 

of the groups during each 2-session block in Context A are replotted in the upper panel of Figure 

2. This presentation of the data makes the between-session changes analyzed above especially 

clear. There was more responding for the mixture than for either pellet-type alone, and sucrose 

eventually controlled more responding than grain. But as is evident here, there was no tendency 

for food seeking to decline between sessions. That is, the results suggest no evidence of between-

session habituation to the pellets.  

The kcals earned by each group during the same session blocks are presented in the lower 

panel of Figure 2. (The values were calculated based on the manufacturer’s estimates of the kcal 
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value of each pellet, which were 0.1485 for grain and 0.1534 for sucrose.) A 3 (Group) x 4 (2-

Day Block) ANOVA revealed a significant main effect of Block, F(3,87) = 133.02, MSE = 

10.30, and Group, F(2, 29) = 61.56, MSE = 27.95, as well as a significant interaction between the 

two, F(6, 87) = 8.04, MSE = 10.30. Separate ANOVAs on each day revealed a significant effect 

of Group on all days, minimum F(2, 29) = 16.08, MSE = 24.45. Pairwise comparisons revealed 

that Group Mix differed from both Groups Grain and Sucrose on all days (all ps < .01). Group 

Sucrose was also reliably higher than Group Grain on all blocks (all ps < .05).  

Testing 

Effects of the pellet switch in each group. The effects of switching pellets part way 

through the test session on Day 18 are summarized in Figure 3, which compares responding that 

day with responding on the baseline day (Day 17) in each group in separate panels. During the 

first 10 min, each group received the same treatment on the baseline day and test day. An initial 

analysis confirmed that responding during this period was remarkably similar over the two days, 

and that group differences that had emerged in acquisition were retained. A 3 (Group) x 2 (Day) 

x 10 (Time Bin) ANOVA revealed a main effect of Group, F(2, 29) = 45.59, MSE = 725.36, 

Time, F(9, 261) = 56. 24, MSE = 42.14, and a Group x Time interaction, F(18, 261) = 2.30, MSE 

= 42.14, but no other main effects or interactions, including those involving Day, were 

significant, largest F(2, 29) = 1.42. Collapsing over the Day and Time Bin factors, pairwise 

comparisons (LSD) confirmed that Group Mix continued to respond more than both Group Grain 

and Group Sucrose, minimum t(29) = 3.33, and that Group Sucrose continued to respond more 

than Group Grain, t(29) = 5.59.  

More critically, responding during Mins 11-30 reflected the effects of changing the pellet 

reinforcer. As the figure suggests, the pellet switch affected responding in all three groups. In 
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Group Mix, the switch from the unpredictable grain and sucrose to sucrose alone reduced 

response rate. This was confirmed by a 2 (Day) x 20 (Time Bin) ANOVA on data from this 

group, which revealed significant effects of Day, F(1, 19) = 9.16, MSE = 704.23, and of Time, 

F(19, 209) = 11.51, MSE = 232.30. The Day x Time interaction was not significant, F(19, 209) = 

1.13. But clearly, switching from the mixture to what appears to be the preferred reinforcer 

(sucrose) caused a decrease in responding—a result that is consistent with the habituation 

perspective.  

To test for a stimulus-specificity effect, the responding of Groups Grain and Sucrose 

were also studied during Mins 11-30. Instead of causing a uniform increase in responding, as 

suggested by habituation theory, the effect of the pellet switch depended on the group. A 2 

(Group) x 2 (Day) x 20 (Time Bin) ANOVA revealed significant main effects of Day, F(1, 18) = 

26.06, MSE = 260.70, and Time, F(19, 342) = 20.78, MSE = 89.30. The Time factor interacted 

with Day, F(19, 342) = 2.31, MSE = 96.47, as well as Group, F(19, 342) = 1.71, MSE = 89.30. 

The Day factor also interacted with the Group factor, F(1, 18) = 56.06, MSE = 260.70. And there 

was a reliable Group x Day x Time interaction, F(19, 342) = 7.47, MSE = 96.47. To understand 

the three-way interaction, separate 2 (Day) x 20 (Time) ANOVAs were conducted for each 

group. For Group Grain, there were main effects of Day, Time, and a significant Day x Time 

interaction, minimum F(19, 171) = 6.58, MSE = 98.80. The switch from grain to sucrose pellet 

thus increased responding in this group, and the difference between the test and baseline days 

was significant in time bins 12 – 18 and 20 - 23, minimum t(9) = 2.65. For Group Sucrose, the 

parallel ANOVA revealed a significant effect of Time, F(19, 171) = 8.25, MSE = 82.01, and a 

Day x Time interaction, F(19, 171) = 3.13, MSE = 94.17. The main effect of Day was not 

significant, F(1, 19) = 1.54. For this group, responding was significantly reduced on the Test 
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Day in time bins 11, 15, 16, and 21, minimum t(9) = 3.52, but significantly higher in bins 28, 29 

and 30, minimum t(9) = 2.38. The switch from sucrose to grain did increase response rate during 

the final minutes, but its more immediate effect was to depress food-seeking.  

Comparison of responding in Mins 11-30 when the pellet was switched vs. not switched. 

Interpretation of the stimulus-specificity effect was complicated by the fact that a switch from 

grain to sucrose enhanced responding but the switch from sucrose to grain largely depressed it. 

Such a pattern is consistent with well-known successive positive and negative incentive contrast 

effects (e.g., Flaherty, 1996; see Discussion). To further assess the role of stimulus-specificity, 

we also examined the results by comparing responding for each pellet in Mins 11-30 when it had 

been preceded by the same or a different reinforcer in the previous 10 mins (Mins 1-10). For 

instance, the upper panel of Figure 4 shows responding for grain pellets in Mins 11-30 when it 

had been preceded by 10 minutes of grain (Group Grain during the baseline session) or sucrose 

(Group Sucrose during the test session). Responding for grain in Mins 11-30 in the grain-grain 

condition, but not the sucrose-grain condition, was arguably under the influence of habituation 

from grain exposure in Mins 1-10. Isolating responding in Mins 11-30 for grain (upper panel), a 

2 (Group) x 20 (Time) ANOVA revealed significant main effects of both Group, F(1, 18) = 

17.56, MSE = 183.40, and Time, F(19, 342) = 4.45, MSE = 44.30. Thus, Group Sucrose 

responded more for its grain pellets at this time than did Group Grain, as predicted by 

habituation theory. The interaction was not significant. A parallel analysis confirmed the same 

pattern when we compared responding for sucrose in Mins 11-30 when it was preceded by 10 

Mins of sucrose (baseline day in Group Sucrose) versus 10 Mins of grain (the test session for 

Group Grain, lower panel of Figure 4). A 2 (Group) x 20 (Time) ANOVA again revealed 

significant main effects of Time, F(19, 342) = 16.82, MSE = 141.52, Group, F(1, 18) = 5.27, 
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MSE = 678.44, and a significant Group x Time interaction, F(1, 342) = 2.26, MSE = 141.52. 

Thus, a stimulus-specificity effect did emerge. Overall, the results thus tentatively suggest a role 

for both successive incentive contrast and habituation in creating the pellet switch results. 

Discussion 

 The present experiment produced several results that were consistent with the habituation 

perspective. First, there was a clear variety effect throughout acquisition in which mixed 

presentation of grain and sucrose pellets produced more lever pressing than did either pellet 

alone. The major effect of variety appeared to be that it slowed the within-session decline in 

lever-press rate. Second, there was evidence of stimulus-specificity; overall, responding was 

higher for a pellet in Minutes 11-30 of the test if the rat had been switched to that reinforcer in 

Minute 10. And third, rats switched to consistent sucrose pellets after exposure to the 

unpredictable grain/sucrose mixture slowed their response rate. Notably, that result occurred 

even though the sucrose pellet appeared to be especially reinforcing. The fact that a switch from 

variety to a single food can slow down pellet consumption may further support the idea that 

reducing variety in the diet can reduce overeating in humans (e.g., Epstein, Fletcher, O’Neill, 

Roemmich, Raynor, & Bouton, 2013). 

 The results also suggest that other motivational processes influenced food-seeking. 

During acquisition, responding for sucrose pellets increasingly exceeded that for grain pellets. 

Although sucrose pellets might be more palatable than grain pellets, we have seen no evidence 

that the present sucrose pellets are unconditionally better reinforcers than the grain pellets (e.g., 

see Experiment 2, below; see also Winterbauer, Lucke, & Bouton, 2012, Experiment 3). Instead, 

as documented above, the sucrose superiority effect developed as a function of training. It is 

therefore possible that sucrose responding was enhanced by exposure to grain pellets on the 
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alternate sessions because of a positive contrast effect—when organisms are exposed to a 

palatable food or flavor after exposure to positive but less palatable food or flavor, they may 

respond especially strongly to it (e.g., Flaherty, 1996). Interestingly, successive contrast effects 

have been demonstrated, as here, when the two incentives are presented in separate contexts and 

days (Flaherty, Hrabinski, & Grigson, 1990). A second type of contrast effect—negative 

contrast-- emerged when rats were briefly exposed to sucrose pellets and then switched to grain 

during the test session. This raises the possibility that the greater responding for sucrose than 

grain in Context A could have reflected both positive and negative contrast effects. That is, the 

rats might have responded more to sucrose because of recent exposure to grain and less to grain 

because of recent exposure to sucrose.  

Definitive evidence of between-session incentive contrast effects would require that we 

compare the performance of a group alternated between grain and sucrose with groups that 

received the same reinforcer across sessions. The possibility was worth investigating in its own 

right, but it is also a possible mechanism that could contribute to the variety effect. First, notice 

that higher responding in sucrose sessions intermixed with grain sessions would itself be a type 

of variety effect. And second, if positive contrast for sucrose were stronger than negative contrast 

for grain, then a mixture of the two pellet types could generate a higher average level of 

responding to sucrose and grain, the form taken by the variety effect demonstrated in Experiment 

1. Experiment 2 was therefore designed to examine possible between-session positive and 

negative contrast in more detail.  

Experiment 2 

 Experiment 2 compared responding in rats given alternating sessions with grain and 

sucrose pellets with groups that received grain- or sucrose-only every day. If mixing the pellet 
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types between sessions creates a positive contrast effect, then the alternating group should 

respond more for sucrose pellets than the group that received sucrose daily. If it creates a 

negative contrast effect, then the alternating group should respond less for the grain pellets than 

the group that received them daily. By averaging performance over pairs of sessions, it was also 

possible to ask whether variety between sessions led to slower daily habituation than 

presentation of the same food pellet daily.  

Method 

Subjects 

The subjects were thirty-two naïve female Wistar rats purchased from the same vendor as 

those in the previous experiments. They were maintained under the same conditions.  

Apparatus 

The apparatus was the same as that in Experiment 1. 

Procedure 

Daily 30-min sessions, alternating between Contexts A and B, were run in a manner 

identical to those in Experiment 1. Group Grain (n = 10) received grain pellets in both Contexts 

A and B. Group Sucrose (n = 10) received sucrose pellets in both contexts. Group Mix (n = 12) 

received grain pellets in Context A and sucrose pellets in Context B, i.e., the treatment received 

by the control groups in Experiment 1. The experiment continued for 16 sessions. 

Results 

Within-session patterns of food-seeking. The results are presented in Figure 5, which 

shows responding of the groups over two-session blocks of training in each context. The left and 

right columns correspond to sessions in Contexts A and B, where Group Mix received sucrose 

and grain pellets, respectively. The data were analyzed with a Group (Grain vs. Sucrose vs. Mix) 
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x Context (A or B) x Time Bin (30) x Session Block (4) ANOVA. There was no main effect of 

Group, F < 1, however, all other main effects and interactions were significant. Specifically, 

there were main effects of Context, Block, and Time, minimum F(1, 29) = 6.15, MSE = 354.94. 

The Context factor interacted separately with Group, Block and Time, minimum F(29, 841) = 

2.96, MSE = 27.85. There was a difference between Group Mix’s performance in the two 

contexts. The Session Block factor also interacted with Group, and Time, minimum F(6, 87) = 

5.75, MSE = 169.87. The Time factor also interacted with Group, F(58, 841) = 2.27, MSE = 

71.34. All of the three way interactions between the factors were significant, minimum F(174, 

2523) = 1.45, MSE = 31.75. There was also a significant 4-way interaction between Group, 

Context, Trial Block, and Time, F(174, 2523) = 1.20, MSE = 25.42. The four-way interaction is 

consistent with the impression suggested by the figure that Group Mix showed a differential 

pattern of responding in the two contexts that was primarily observed in early minutes of the 

later sessions. 

Analysis of an averaged between-session variety effect. Did Group Mix’s pattern of 

responding in the sucrose- and grain-pellet contexts average to produce an overall between-

session variety effect? To address the question, we averaged the asymptotic performance in the 

final two sessions in each context (the bottom two panels of Figure 5), where the contrast effects 

were strongest. The averaged data are presented in Figure 6. First consider the data from the final 

two-session blocks in Contexts A and B, respectively. In Context A, where Group Mix worked 

for sucrose, a 3 x 30 ANOVA revealed a main effect of Time, F(29, 841) = 83.14, MSE = 39.03, 

Group, F(2, 29) = 6.46, MSE = 590.36, and a Group x Time interaction, F(58, 841) = 3.56, MSE 

= 39.03. Pairwise comparisons revealed that Group Mix was reliably higher than both Group 

Sucrose and Grain, minimum t(29) = 2.72, confirming positive contrast. Group Grain and Group 
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Sucrose were not reliably different, p = .52. In Context B, where Group Mix worked for grain, a 

3 x 30 ANOVA revealed a main effect of Time, F(29, 841) = 103.28, MSE = 22.84, Group, F(2, 

29) = 5.37, MSE = 315.14, and a Group x Time interaction, F(58, 841) = 1.68, MSE = 22.84. 

Pairwise comparisons revealed that Group Mix was reliably lower than Group Grain, t(29) = 

3.27, suggesting negative contrast for grain. Group Mix did not differ from Group Sucrose and 

Group Sucrose did not differ from Group Grain, largest t(29) = 1.81. Turning to the averaged 

data (Figure 6), there was no indication that Group Mix responded more overall than the other 

groups. A 3 x 30 ANOVA revealed a main effect of Time, F(29, 841) = 131.83, MSE = 20.96, 

and a Group x Time interaction, F(58, 841) = 2.81, MSE = 20.96. Inspection of Figure 6 suggests 

little consistent pattern. Moreover, the main effect of Group did not approach significance, p = 

.27, and pairwise comparisons did not reveal any overall group differences, largest t(29) = 1.55, 

p = .13. 

Between-session patterns of food-seeking and energy consumption. The lever-press rates 

of the groups during each daily session are presented in the upper panel of Figure 7. Recall that 

Group Mix received sucrose pellets in the odd-numbered sessions and grain pellets in the even-

numbered sessions. This presentation of the data makes it easier to see that Group Mix’s 

differential responding for sucrose and grain in the two contexts grew as a consequence of 

training. 

The kcals earned by each group during each session are presented in the lower panel of 

Figure 7. A 3 (Group) x 16 (Session) ANOVA revealed a main effect of Session, F(15, 435) = 

50.71, MSE = 11.66, and a Session x Group interaction, F(30, 435) = 10.35, MSE = 11.66. The 

main effect of Group was not significant, F < 1. The Group x Session interaction was likely 

caused by the saw-tooth pattern of responding that had been evident in Group Mix. The saw-
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tooth pattern was reliable. For example, on Day 15, the last day of sucrose pellets for Group Mix, 

Group Mix earned more kcals than either of the other groups, ps < .01, while Groups Grain and 

Sucrose did not differ (p = .413). On Day 16, the last day of grain pellets for Group Mix, Group 

Grain and Sucrose again did not differ (p = .328), but Group Mix was now significantly lower 

than Groups Grain, p < .01, and Sucrose (p = .051). 

Discussion 

As in Experiment 1, a reliable decreasing pattern of responding over minutes in each 

session rapidly emerged (Aoyama & McSweeney, 2001). Responding for either sucrose or grain 

pellets throughout training produced a stable pattern of responding within and between sessions. 

However, alternating between sucrose and grain pellets over sessions (Group Mix) led to more 

responding for sucrose and less responding for grain. These effects are consistent with between-

session positive and negative successive contrast effects, respectively. It is worth noting again 

that the enhanced responding for sucrose in Group Mix can be viewed as a between-session 

variety effect—because it clearly depended on exposure to the grain pellets on the intervening 

sessions. However, Group Mix’s average responding for sucrose and grain pellets did not exceed 

that of the other groups. This result provides little support for the idea that between-session 

mixing of the present sucrose and grain pellets yielded a variety effect that was directly 

analogous to the one observed when the pellet types were mixed (and responding for them was 

averaged) within sessions (Experiment 1). Thus, although the present experiment uncovered a 

between-session variety effect that was arguably due to positive contrast, it provided no support 

for the possibility that an averaged effect, like the one documented in Experiment 1, may follow 

from the net combination of positive and negative contrast. The within-session effect observed in 
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Experiment 1 may be more attributable to the effect of variety on within-session habituation to 

food.  

General Discussion 

 In the present experiments, the rate of lever pressing for grain or sucrose pellets declined 

rapidly within daily 30-min sessions, as reported by Aoyama and McSweeney (2001). The 

decline in rate occurred more slowly when the rats received pellets that varied unpredictably 

between grain and sucrose (Experiment 1). This new demonstration of the variety effect clearly 

suggests that the within-session decrease in lever pressing rate that otherwise occurred was not a 

result of simple fatigue or food satiation. Instead, it is consistent with the idea that there was 

within-session habituation to the food reinforcers (e.g., McSweeney et al., 1996; McSweeney & 

Murphy, 2009; McSweeney & Swindell, 1999). Interestingly, there was no evidence that 

habituation occurred between sessions with the current method. However, the higher rate of 

within-session food-seeking in Group Mix could have long-term consequences, because it was 

demonstrably linked to higher energy intake. Thus, the type of within-session variety effect 

found here can in principle have an important effect on calorie consumption and (possibly) 

weight gain. In this regard, it may be significant to note that when we switched from the 

grain/sucrose mixture to sucrose pellets only, the rats decreased their work rate and consumption 

of food. As noted earlier, such a result is consistent with the possibility that exposure to single 

foods may in principle decrease overeating that may be supported by food variety (e.g., Epstein 

et al., 2013). 

 Experiment 1 also produced evidence of a within-session stimulus-specificity effect. 

Specifically, when rats worked for the same type of pellet throughout the session, they pressed at 

a lower rate during minutes 11-30 than did rats that were switched to the same pellet after 10 
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mins of earning the other type. This result is further consistent with the idea that the within-

session decrease in food-seeking rate was a result of habituation to the pellet reinforcer. And it is 

worth noting that, as observed previously, stimulus-specificity could play a role in producing the 

variety effect. 

 It should be noted, however, that the detection of stimulus-specificity was made difficult 

by the fact that a switch to grain pellets after 10 mins of working for sucrose first depressed, 

rather than enhanced, the animal’s rate of food seeking. Although the switch from sucrose to 

grain ultimately increased responding in the last few minutes of the test session, the effects of the 

pellet switch highlighted the presence of incentive contrast effects (e.g., Flaherty, 1996). Our 

appreciation of incentive contrast was extended by Experiment 2, which confirmed the 

occurrence of both positive and negative contrast between sessions. Specifically, a group that 

responded for sucrose and grain in alternating sessions worked more for sucrose than a control 

that always received sucrose (positive contrast) and less for grain than a control that always 

received grain (negative contrast). Thus, when animals are exposed to food variety between 

sessions, contrast can clearly play a role. And it is interesting to note that the higher responding 

for sucrose in the group given alternating grain and sucrose sessions can itself be viewed as a 

variety effect. Although there was no evidence of between-session habituation with the current 

methods, exposure to variety (the grain sessions intermixed with sucrose sessions) caused the 

rats to consume more sucrose than the sucrose group that received no variety. 

 The presence of incentive contrast serves to remind us that food variety can engage 

motivational processes that go beyond those that influence habituation. Is it possible that 

incentive contrast, rather than slowed habituation per se, can account for the increase in food 

consumption that variety caused here? In at least one case, the answer is “yes”; the variety effect 
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represented in higher responding for sucrose on sucrose sessions intermixed with grain sessions 

(Experiment 2) is clearly linked to positive contrast. But it seems less likely that contrast can 

explain the within-session variety effect observed in Experiment 1. For one thing, there was no 

evidence of a variety effect when we averaged over separate sessions of sucrose and grain 

responding in Experiment 2; in that case, the positive influence of grain on sucrose responding 

did not outweigh the negative influence of sucrose on grain responding. And other aspects of the 

within-session data seem especially consistent with the habituation explanation. Consistent with 

the habituation perspective, variety affected the rate at which habituation (or at least the decline 

in responding) occurred over time within the session, although it is possible that this interaction 

between pellet type and time was forced by a ceiling effect on response rate for the mix early in 

the session. Perhaps more important, the fact that there was more responding in rats that were 

switched from sucrose to grain mid-session (compared with rats that responded only for grain) 

suggests that habituation processes might play a role even in the presence of a negative contrast 

effect. 

The results add to the extensive literature on habituation to foods in animals and humans 

(Epstein et al., 2009). The fact that switching from the grain/sucrose pellet mixture to sucrose 

alone reduced response rate (Experiment 1) may have especially important implications for 

human eating. Sucrose is known to be an important determinant of food reinforcement in humans 

(Avena, Rada, & Hoebel, 2008; Epstein, Carr, Lin, & Fletcher, 2011), and the results suggest 

that responding for even a powerful food reinforcer can be weaker when it is presented alone 

than in the context of variety. Perhaps similarly, many human studies that have shown higher 

responding for variety than for a single food have made sure that the single food is the most 

palatable of the foods available to the subject (Epstein et al., 2009; Temple et al., 2008). The 
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findings thus encourage optimism about the clinical effectiveness of reducing food variety, since 

there should be minimal resistance to an intervention that reduces access to a variety of foods so 

that an overweight person can consume their favorite food.    

  In summary, the present experiments uncovered evidence of both within-session 

(Experiment 1) and between-session (Experiment 2) variety effects. The within-session variety 

effect may be best interpreted as a slowing-down of the short-term habituation to food. The 

between-session effect, on the other hand, is best interpreted as a positive contrast effect in 

which pressing for grain on alternate sessions motivated the rat to work more for sucrose. Both 

types of mechanisms may come into play when organisms are exposed to food variety.  
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Figure Captions 

Figure 1. Mean lever press rates of the groups during each minute of the sessions conducted in 

Context A in Experiment 1. Each panel depicts a two-session (two-day) block. Group 

Grain = grain pellets in Context A; Group Sucrose = sucrose pellets in Context A; Group 

Mix = grain and sucrose pellets unpredictably in Context A. 

Figure 2. Mean lever press rates (top) and kcals earned (bottom) of the groups over two-day 

(two-session) blocks in Context A of Experiment 1. 

Figure 3. Mean lever press rates during the baseline and session testing for stimulus specificity 

in Experiment 1. Each panel represents responding of one group. Grain = grain pellets 

during the baseline session and grain then sucrose pellets during the test; Sucrose = 

sucrose pellets during the baseline session and sucrose then grain pellets during the test; 

Mix = mixture of grain and sucrose pellets during the baseline session and mixture then 

sucrose pellets during the test. Arrows indicate the minute in which each group received 

the pellet switch during the test session. 

Figure 4. Experiment 1’s stimulus specificity effect analyzed a different way. Top: A 

comparison of responding for grain throughout the session and grain after 10 mins of 

responding for sucrose. Bottom: A comparison of responding for sucrose throughout the 

session and sucrose after 10 mins of responding for grain. Arrows indicate the minute in 

which the groups received the pellet switch. See text for further explanation. 

Figure 5. Mean lever press rates of the groups during each minute of the sessions conducted in 

Context A (left column) and Context B (right column) in Experiment 2. Each panel 

depicts a two-session (two-day) block. Group Mix alternated between sucrose pellets in 
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Context A and grain pellets in Context B. Groups Grain and Sucrose consistently worked 

for grain and sucrose pellets, respectively, every day. 

Figure 6. Mean lever press rates of the groups during Days 13-16 in Experiment 2. Group Mix’s 

response rates reflects responding for sucrose on Days 13 and 15 and grain on Days 14 

and 16. Groups Grain and Sucrose consistently worked for grain and sucrose pellets, 

respectively, every day. 

Figure 7. Mean lever press rates (top) and kcals earned (bottom) of the groups over daily 

sessions in Experiment 2. Group Mix earned sucrose pellets on odd-numbered days and 

grain pellets on even-numbered days. Groups Grain and Sucrose consistently worked for 

grain and sucrose pellets, respectively, every day. 
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