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Abstract 23 

The cap pushing response (CPR) is a new free flying technique used to study learning 24 

and memory in honey bees. Bees fly to a target where they push a cap to reveal a hidden food 25 

source. When combined with traditional odor and color targets, the CPR technique opens the 26 

door to additional choice preference tests in honey bees. To facilitate the use of the CPR 27 

technique, three experiments were conducted. Experiment 1 investigates the impact of extended 28 

training on the CPR response and its role in extinction. Experiment 2 explores the role of CPR in 29 

overshadowing, and experiment 3 explores the effects of electric shock punishment on the CPR 30 

technique.  31 

Keywords: cap pushing response, conditioning, honey bee, learning 32 
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Some Phenomena of the Cap Pushing Response in Honey Bees (Apis mellifera spp) 34 

Introduction 35 

The purpose of the present series of experiments is to provide additional data on the cap 36 

pushing response (CPR) of honey bees. The CPR technique is a novel free flying technique 37 

where bees are trained to push a cap to reveal a hidden food source (Abramson et al., 2016). 38 

With the advent of the CPR technique, a manipulative response can now be added to the stable of 39 

free flying techniques. When combined with odor, color, and position, we expect the CPR 40 

technique to provide more challenging experiments that test the limits of choice preference in 41 

honey bees. These findings will help further our knowledge of honey bee capabilities and 42 

behavioral importance in species comparisons at the individual level, which is explored using 43 

non-traditional statistics.  44 

The experiments reported here provide data on aspects of the CPR not covered in our 45 

previous experiments (Abramson et al., 2016; Chicas-Mosier et al., 2019). Through a series of 46 

three experiments, we provide researchers with fundamental and practical data on various 47 

aspects of the CPR, including punishment, the effect of extended training, and overshadowing.  48 

Observation Oriented Modeling (OOM) is a type of non-traditional statistics that was utilized to 49 

analyze our data. These experiments outline why OOM is a better method for our research than 50 

traditional aggregate statistical. 51 

Observation Oriented Modeling departs from traditional analyses based on means, 52 

standard deviations, or variances (Grice, 2011; Grice et al., 2020). OOM is a suite of 53 

nonparametric methods which permits the researcher to examine patterns within the data at the 54 

level of the individual or organism under study. Emphasis is placed on the persons or entities 55 

(i.e., organisms) in the experiment in order to answer the question, “how many people [or 56 
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entities] in the study [or experiment] behaved or responded in a manner consistent with 57 

theoretical expectation” (Grice et al., 2020, p. 2; see also Grice, 2011; Grice et al., 2012). To 58 

determine how many organisms behaved as expected according to one‟s hypotheses, OOM 59 

computes a person-centered effect size, referred to as the Percent Correct Classification (PCC) 60 

index. The PCC index is the computed proportion of individuals/organisms who conformed or 61 

behaved as expected within the scope of the experimenter‟s hypotheses. Moreover, a 62 

randomization test on the PCC index can be conducted to determine whether the resulting value 63 

should be explained as having arisen by physical chance (see Grice, 2021).  64 

The randomization test is conducted by randomly shuffling the observations a set number 65 

of times (e.g., 1,000 iterations), similar to bootstrapping, and a PCC is computed for each 66 

iteration. The software then tallies each time the randomized PCC is equal to or greater than the 67 

observed PCC, thus yielding a total proportion of occurrences (referred to as a c-value) that the 68 

observed PCC was achieved through randomizing the data. For example, if a PCC of 85% was 69 

found and the randomization test revealed that this PCC could only be achieved for 5 out of 1000 70 

iterations, then the c-value would be 0.005, indicating that the observed PCC is unlikely to be a 71 

product of chance (Grice, 2021). Therefore, all OOM software analyses are accompanied by a 72 

randomization test using 10,000 iterations unless otherwise indicated. 73 

All data were analyzed utilizing the OOM software (Grice, 2011). Traditional statistics 74 

were also utilized to compare the two types of statistical methods. The OOM software can be 75 

downloaded gratis following the link provided within the acknowledgments of the manuscript.  76 

 77 

 78 

 79 
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Standards for Openness and Transparency 80 

We report how we determined our sample size, all data exclusions, all manipulations, and 81 

all measures in the study in each of the methods sections for each of the experiments.  82 

 83 

Experiment 1: The effect of extended training on the cap pushing response and extinction 84 

in honey bees  85 

In Experiment 1, we sought to investigate the effects of extended training on the 86 

extinction of the CPR. We wanted to know if there was a difference in extinction rates for the 87 

responses between honey bees trained using 6 or 12-training trials. In our initial investigations 88 

(Abramson et al., 2016) we noticed a peculiar error. Bees that were trained to push the cap would 89 

continue to push the cap even though the cap was no longer directly above the feeding hole. If 90 

the cap was moved to the side of the feeding hole and was replaced with a cross now directly 91 

over the feeding hole, the bee would continue to push the cap several times before it would push 92 

the cross. We hypothesize that these errors were the result of a lack of experience with the target 93 

and the more experience with the target would result in less of these types of errors (Abramson et 94 

al., 2016). Additionally, previous research found that resistance to extinction increased from 1 to 95 

6 trials and then decreased as the number of training trials increased to 12 (Couvillon & 96 

Bitterman, 1980). We wanted to see if we can replicate this effect with the CPR.  97 

 98 

Materials and Methods 99 

Twenty-eight bees were trained to land on a target containing a feeding well with a 50% 100 

sucrose by volume (Figure 1) to begin the steps to train the cap training process. Hives were 101 

managed in Greece and were well maintained and in healthy condition. The experiment was 102 
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conducted outdoors. The bees were trained to come to a feeder with 8% sucrose by volume. The 103 

feeder was located four meters from a hive and was shared by three maintained colonies. An 104 

individual bee was picked up in a match box while on the feeder and brought to a gray target 105 

containing 50% sucrose. The match box was opened slightly to allow the proboscis to make 106 

contact with the sucrose. While the bee was feeding it was allowed to leave the match box where 107 

it was marked with nail polish (the brand “LBK™” nail lacquer). When the bee returned twice 108 

on its own it was shaped to push the cap (weight = 0.47 g, height = 0.5 cm, length = 1.5 cm).  109 

Shaping was accomplished by placing the cap so that it covered about half the feeding 110 

hole. On subsequent visits, the cap was gradually moved so that it completely covered the food 111 

well. When the bee pushed the cap to uncover the well on two consecutive visits the experiment 112 

was begun. Details of the shaping procedure can be found in Abramson et al. (2016).  113 

 The bees were divided into two groups consisting of 14 bees each. One group received 6 114 

training trials and the other 12 training trials. The groups then received a 10 minute extinction 115 

session divided into twenty 30 second intervals, where the sucrose was replaced with tap water. 116 

We then tracked the number of target landings, cap touches, and cap pushes. We analyzed 117 

landings for the 6 and 12 trial bees to evaluate extinction differences. We further include the 118 

analysis for the touching and pushing behaviors as additional evidence supporting the hypothesis 119 

that the bees that received 12-training trials would extinguish faster than the bees that received 6-120 

training trials. Bees were selected from a common feeder regularly visited by three different 121 

hives, and the targets were washed and cleaned based on standard methods (Couvillion & 122 

Bitterman, 1980). Our sample size was based on previous research and personal experience with 123 

this preparation. Honey bees are not listed under any ethical codes concerning humane treatment 124 
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of animals in research under USA or Greek law; therefore, no ethical review of the research 125 

protocol was conducted.  126 

 127 

Figure 1 

Example of Bees in the Cap Pushing Response  

 

 

 128 

Results and Discussion  129 

The individual bee‟s extinction curves were computed and analyzed in OOM for each 130 

bee‟s landing, touching, and pushing behaviors across all 20 intervals. The cumulative responses 131 

were then compared with an expected ordinal pattern of monotonic increasing landings, touches, 132 

and pushes (viz., interval 1 < interval 2 < interval 3, etc.). The PCC index was computed at each 133 

interval to determine how many total bees were performing the landing, touching, and pushing 134 

behaviors. It was expected that the bees should demonstrate extinction, therefore at some point 135 
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the monotonic pattern should stop increasing and the accompanying PCC should subsequently 136 

decrease (i.e., indicating a nonmonotonic relationship).  137 

Based upon previous findings (Couvillon & Bitterman, 1980), it was also expected that 138 

the 12-trial bee‟s PCC response curve should decrease faster than the 6 trial bees for the landing, 139 

touching, and pushing behaviors. Therefore, following „best-practice‟ data analysis 140 

recommendations put forth by Fidler and Loftus (2009), graphical interpretations are primarily 141 

relied upon. The result will outline traditional and non-traditional statistical interpretations.   142 

Non-traditional statistics, shown in figures 2, 3, and 4 contain the results for the PCCs for 143 

all bees at each interval across the landing, touching, and pushing behaviors, respectively. Across 144 

all three figures, a decline in the PCC response curve suggests a nonmonotonic relationship 145 

within the data, which revealed extinction occurring for most of the bees. In other words, if a 146 

decline is observed in the graph, then a majority of the bees are no longer performing the 147 

behavior and extinction was occurring. As expected, the results for the landing, touching, and 148 

pushing behaviors showed that the majority of the 12-training trial bees demonstrated an 149 

extinction response slightly more quickly than the majority of the 6-training trial bees. 150 

 

 

 

 

Figure 2 

Six and Twelve Trial Bees’ PCC Response Curves for the Landing Behavior 
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 151 

Looking at Figure 3, the PCC response curve for the 6 trial bees gradually declines after 152 

the 2nd interval, then sharply decreases between the 13th and 14th intervals (360 – 390 seconds). 153 

The majority of the 6 trial bees first demonstrated extinction at the 14th interval as only 3 out of 154 

14 bees (PCC = 21.43%) were still performing the landing behavior during this time period. The 155 

PCC response curve for the 12-training trial bees is comparable to the 6-training trial bees 156 

initially until the 10th interval, then sharply declines between the 10th and 12th intervals (300 – 157 

360 seconds). The majority of the 12-training trial bees first demonstrated extinction at the 11th 158 

interval, as 6 out of 14 bees (PCC = 42.86%) perform the landing behavior. By the 12th interval, 159 

 
 

Note. 6-trial (solid black line) and 12-trial (dotted black line) PCC response curves 
across all bees for the landing behavior. The proportional values were obtained by 
converting the PCC to proportional frequencies (   

   
). Each interval represents data 

produced over a 30-second time period. 
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however, only 1 of the 12-training trial bees (PCC = 7.14%) was still performing the landing 160 

behavior.  161 

 162 

Figure 3 

Six and Twelve Trial Bees’ PCC Response Curves for the Touching Behavior 

 

Note. 6 Trial (solid black line) and 12 Trial (dotted black line) PCC curves across all bees for the 
touching behavior. The proportional values were obtained by converting the PCC to proportional 
frequencies (   

   
). Each interval represents data produced over a 30-second time period. 

 163 

By the 12th interval, 64.5% of the 6-training trial bees were still demonstrating the 164 

landing behavior, whereas only 7% of the 12 trial bees were still demonstrating the landing 165 

behavior. The „eye-test‟ from Figure 3, and accompanying PCCs, supported our hypotheses as it 166 

revealed that the majority of the 12-training trial bees demonstrated extinction after 330-360 167 
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seconds, whereas it took the majority of the 6-training trial bees around 420 seconds to 168 

demonstrate extinction of the landing behavior 169 

Looking at Figure 4, the PCC curve for the touching behavior shows the same general 170 

pattern found in Figure 3. Although at the 6th interval only 50% of the 6-trial bees were 171 

performing the touching behavior, we only consider extinction to be first demonstrated at the 172 

interval where the majority of bees (i.e., < 50%) are no longer performing the behavior. 173 

Therefore, the majority of the 6-training trial bees first demonstrated extinction at the 13th 174 

interval as only 5 out of 14 bees (PCC = 35.71%) were still performing the touching behavior. 175 

Comparably, the majority of the 12-training trial bees first demonstrated extinction at the 11th 176 

interval, as only 5 out of 14 bees (PCC = 35.71%) were performing the landing behavior. As we 177 

saw in Figure 2, by the 12th interval only one (PCC = 7.14%) of the 12 trial bees was still 178 

performing the touching behavior.  179 

  180 
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Figure 4 

Six and Twelve Trial Bees’ PCC Curves for the Pushing Behavior 

 
Note. Six Trial (solid black line) and 12 Trial (dotted black line) PCC curves across all 
bees for the pushing behavior. The proportional values were obtained by converting the 
PCC to proportional frequencies (   

   
). Each interval represents data produced over a 30-

second time period. 
 181 

A similar pattern of results found in the landing behavior was also found in the 182 

touching behavior. By the 12th interval, 50% of the 6-training trial bees were still 183 

demonstrating the touching behavior, whereas only 7% of the 12-training trial bees 184 

demonstrated the touching behavior. The majority of the 12-training trial bees 185 

demonstrated extinction after 330 seconds, whereas it took the majority of the 6-training 186 

trial bees 390 seconds to first demonstrate extinction of the touching behavior.  187 

The PCC response curves for the 6-training trial bees and 12-training trial bees 188 

slightly support the expectations. The PCC response curves for both the 6 and 12-training 189 

trial bees are nearly identical from intervals 1 – 6. At the 5th interval, both the 6-training 190 

trial bees and 12-training trial bees revealed that a majority of bees demonstrated extinction 191 
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of the pushing behavior as only 6 out of 14 (PCC = 42.86%) of both groups of bees were 192 

performing the pushing behavior. However, the greatest occurrence of extinction in the 6-193 

training trial bees did not occur until the 17th interval, where one bee (PCC = 7.14%) from 194 

the 6-training trial bees was still performing the pushing behavior. Comparably, the 195 

greatest occurrence of extinction in the 12-training trial bees occurred by the 12th interval, 196 

where none (PCC = 0%) of the 12-training trial bees were still performing the pushing 197 

behavior.  198 

  By the 12th interval, 43% of the 6-training trial bees demonstrated the touching behavior, 199 

whereas none (i.e., 0%) of the 12-training trial bees demonstrated the landing behavior. The 200 

“eye-test” from Figure 4 revealed nearly identical results initially; however, towards the middle 201 

of the experiment the majority of the 12-training trial bees extinguish the pushing behavior prior 202 

to the majority of the 6-training trial bees. 203 

Across all three behaviors using OOM and SPSS, the majority of the 12-training trial 204 

bees extinguished the behavior earlier than the 6-training trial bees, as exhibited by the sharper 205 

declining slope and low PCC indices across each interval. The “eye-test,” accompanying PCC 206 

indices, and c-values are more than sufficient at establishing the differences in the patterns of 207 

observations across the three behaviors (landings, touches, pushes) between the 6 and 12-training 208 

trial bees.  209 

Across all three behaviors, the majority of the 6 trial bees consistently demonstrated 210 

extinction after the 13th and 14th intervals (~390-420 seconds), with the most bees no longer 211 

performing the behaviors at the 17th interval. By comparison, the majority of the 12-training trial 212 

bees consistently demonstrated extinction around the 11th and 12th intervals (~330-360 seconds), 213 

with the most bees no longer performing the behaviors at the 12th interval. These results align 214 
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with the results previously demonstrated by Couvillon and Bitterman (1980). Tables 1, 2, and 3 215 

below summarizes the findings across all 6-training trial and 12-training trial bees across each 216 

interval. These results are further supported when considering the traditional aggregate approach 217 

and descriptive statistics (see Table 1). 218 

 219 

Table 1 

Six and Twelve Trial Bees‟ Complete Results for the Landing Behavior 

Timepoints 
 6-Trial Bees (N = 14)  12-Trial Bees (N = 14) 
 Total Bees 

Responding PCC C-Value  Total Bees 
Responding PCC C-Value 

 Interval 1  13 92.86 < 0.001  14 100 < 0.001 
 Interval 2  13 92.86 < 0.001  14 100 < 0.001 
 Interval 3  13 92.86 < 0.001  13 92.86 0.001 
 Interval 4  13 92.86 < 0.001  12 85.71 0.001 
 Interval 5  11 78.57 0.012  12 85.71 0.002 
 Interval 6  11 78.57 0.011  12 85.71 0.002 
 Interval 7  10 71.43 0.039  13 92.86 < 0.001 
 Interval 8  11 78.57 0.011  13 92.86 < 0.001 
 Interval 9  11 78.57 0.012  12 85.71 0.001 
 Interval 10  9 64.29 0.114  10 71.43 0.039 
 Interval 11  8 57.14 0.258  6 42.86 0.646 
 Interval 12  9 64.29 0.117  1 7.14 1.000 
 Interval 13  8 57.14 0.256  8 57.14 0.238 
 Interval 14  3 21.43 0.985  4 28.57 0.927 
 Interval 15  7 50.00 0.444  4 28.57 0.935 
 Interval 16  6 42.86 0.650  5 35.71 0.816 
 Interval 17  2 14.29 0.997  6 42.86 0.633 
 Interval 18  5 35.71 0.827  5 35.71 0.821 
 Interval 19  5 35.71 0.839  6 42.86 0.640 
 Interval 20  4 28.57 0.936  5 35.71 0.824 
Note. These data represent the complete data across all 6-trial and 12-trial bees and 
across all intervals for the landing behavior. If the PCC is above 50%, then the majority 
of the bees are still performing the behavior and not demonstrating extinction. If the PCC 
is below 50%, then the majority of the bees are not performing the behavior and are 
demonstrating extinction. It is worth noting that the c-value is inversely related to the 
PCC, as one increases the other will decrease and vice versa.  
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Table 2 

Six and Twelve Trial Bees‟ Complete Results for the Touching Behavior 

Timepoints 
 6-Trial Bees (N = 14)  12-Trial Bees (N = 14) 
 Total Bees 

Responding PCC C-Value  Total Bees 
Responding PCC C-Value 

 Interval 1  12 85.71 0.001  11 78.57 0.01 
 Interval 2  12 85.71 0.001  12 85.71 0.001 
 Interval 3  10 71.43 0.03  12 85.71 0.002 
 Interval 4  11 78.57 0.01  11 78.57 0.01 
 Interval 5  8 57.14 0.21  11 78.57 0.004 
 Interval 6  7 50.00 0.39  10 71.43 0.02 
 Interval 7  10 71.43 0.03  10 71.43 0.03 
 Interval 8  9 64.29 0.08  12 85.71 0.001 
 Interval 9  8 57.14 0.21  8 57.14 0.19 
 Interval 10  8 57.14 0.20  7 50.00 0.37 
 Interval 11  8 57.14 0.20  5 35.71 0.77 
 Interval 12  7 50.00 0.40  1 7.14 1.00 
 Interval 13  5 35.71 0.79  5 35.71 0.78 
 Interval 14  3 21.43 0.98  4 28.57 0.90 
 Interval 15  7 50.00 0.39  3 21.43 0.97 
 Interval 16  4 28.57 0.92  4 28.57 0.90 
 Interval 17  2 14.29 1.00  5 35.71 0.78 
 Interval 18  5 35.71 0.78  3 21.43 0.97 
 Interval 19  4 28.57 0.92  4 28.57 0.90 
 Interval 20  4 28.57 0.92  4 28.57 0.91 
Note. These data represent the complete data across all 6-trial and 12-trial bees and 
across all intervals for the touching behavior. If the PCC is above 50%, then the majority 
of the bees are still performing the behavior and not demonstrating extinction. If the PCC 
is below 50%, then the majority of the bees are not performing the behavior and are 
demonstrating extinction. It is worth noting that the c-value is inversely related to the 
PCC, as one increases the other will decrease and vice versa.  

Table 3 

Six and Twelve Trial Bees‟ Complete Results for the Pushing Behavior 

Timepoints 
 6-Trial Bees (N = 14)  12-Trial Bees (N = 14) 
 Total Bees 

Responding PCC C-Value  Total Bees 
Responding PCC C-Value 

 Interval 1  13 92.86 0.001  14 100 < 0.001 
 Interval 2  11 78.57 0.004  11 78.57 0.002 
 Interval 3  12 85.71 < 0.001  11 78.57 0.002 
 Interval 4  12 85.71 < 0.001  11 78.57 0.001 
 Interval 5  6 42.86 0.52  6 42.86 0.44 
 Interval 6  6 42.86 0.51  8 57.14 0.10 
 Interval 7  9 64.29 0.06  8 57.14 0.11 
 Interval 8  10 71.43 0.02  10 71.43 0.01 
 Interval 9  8 57.14 0.15  5 35.71 0.66 
 Interval 10  6 42.86 0.52  6 42.86 0.43 
 Interval 11  7 50.00 0.31  5 35.71 0.67 
 Interval 12  6 42.86 0.51  0 0.00 1.00 
 Interval 13  4 28.57 0.89  2 14.29 0.99 
 Interval 14  2 14.29 0.99  4 28.57 0.83 
 Interval 15  3 21.43 0.96  4 28.57 0.85 
 Interval 16  4 28.57 0.88  4 28.57 0.84 
 Interval 17  1 7.14 1.00  3 21.43 0.95 
 Interval 18  2 14.29 0.99  2 14.29 0.99 
 Interval 19  3 21.43 0.96  2 14.29 0.99 
 Interval 20  3 21.43 0.96  3 21.43 0.95 
Note. These data represent the complete data across all 6-trial and 12-trial bees and 
across all intervals for the pushing behavior. If the PCC is above 50%, then the majority 
of the bees are still performing the behavior and not demonstrating extinction. If the PCC 
is below 50%, then the majority of the bees are not performing the behavior and are 
demonstrating extinction. It is worth noting that the c-value is inversely related to the 
PCC, as one increases the other will decrease and vice versa. 
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ching, Pushing) by 20 Time (Intervals 1-20) by 2 Group (6-Trial, 12-Trial) mixed model 248 

Analysis of Variance (ANOVA) with repeated measures on the first and second factors was 249 

conducted in the Statistical Package for Social Sciences (SPSS) V25 (IBM Corporation, 250 

Chicago, IL) to compare frequencies in behaviors over time for each training group. It is worth 251 

noting that the full multivariate tests could not be conducted because of insufficient degrees of 252 

freedom, due to the small sample size (N = 28) and number of within-subject factors. 253 

Specifically, the behavior by time interaction as well as the behavior by time by group (6 trial vs 254 

12 trial) interaction could not be conducted.  255 

Nevertheless, the sphericity assumption was violated for both behavior (χ2(2) = 13.82, p 256 

= 0.001) and time (χ2(189) = 286.95, p < 0.001). This tells us that an F correction must be used, 257 

therefore, the Greenhouse-Geisser correction was chosen; εbehavior = 0.70, εt ime = 0.44. The tests 258 

of within-subjects effects revealed that there were large differences in the behaviors performed 259 

according to Cohen‟s (1988) effect size conventions; F(1.40, 36.50) = 10.01, p = 0.001, ηp
2 = 260 

0.28. In considering the highest-ordered contrasts, we observed a quadratic contrast for the 261 

frequencies of the performed behaviors (landings, touches, or pushes); F(1, 26) = 21.13, p < 262 

0.001.  263 

The tests of within-subjects effects further revealed that there were large differences in 264 

the frequencies across time; F(8.37, 217.69) = 12.96, p < 0.001, ηp
2 = 0.33. Once again 265 

considering the highest-ordered contrasts, we observed a quadratic contrast of behavioral 266 

frequencies across time; F(1, 26) = 10.43, p = 0.003. Finally, tests of within-subjects effects 267 

further revealed that there were medium differences in the frequencies of the performed 268 

behaviors (landings, touches, pushes) across time; F(8.43, 219.17) = 2.43, p = 0.01, ηp
2 = 0.09. 269 

We observed a marginal linear contrast for the frequencies of landings, touches, or pushes across 270 



17 
CAP PUSHING RESPONSE IN HONEY BEES 

time; F(1, 26) = 15.02, p = 0.052. There were no differences observed between the two groups, 271 

behaviors, across time, or behaviors performed across time; p‟s > 0.05 and are therefore not 272 

considered or reported.  273 

 Interpreting the traditional statistics may lead one to conclude that there were no 274 

differences between the two groups of bees and that these bees extinguished the three behaviors 275 

at nearly equal rates across time. The overall interaction model was not observed to be 276 

„statistically significant,‟ thus follow-up pairwise comparisons were not considered. However, 277 

when the descriptive statistics are considered, we see the same pattern of observations as found 278 

in our OOM analysis.  279 

Table 4 summarizes the mean frequencies of the 3 behaviors across time and between the 280 

two groups. As observed in the table and found in our OOM analyses, across time all three 281 

behaviors gradually declined and there was a difference between the performed behaviors such 282 

that the bees preferred to land more than push and push more than touch. However, by only 283 

considering the overall model from our traditional analyses, we miss the subtle differences being 284 

demonstrated between the two groups. Specifically, looking at interval 12 in table 4 you can see 285 

that there is a difference between the two groups of bees. The 12-trial bees had far fewer 286 

frequencies of landings, touches, and pushes, compared to the 6-trial bees. In fact, at the 12th 287 

interval the cap was not pushed at all. The pattern observed between the two groups of bees 288 

aligns with the results of OOM, which would have likely been missed had we only considered 289 

the results of the overall model or aggregate findings.  290 

 291 

 292 
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Table 4 

Average Frequencies of Landings, Touches, and Pushes for 6 and 12-Trial Bees  

Timepoints 

 Landings  Touches  Pushes 

6-Trial 12-Trial  6-Trial 12-Trial  6-Trial 12-Trial 

M (CI) M (CI)  M (CI) M (CI)  M (CI) M (CI) 
Interval 1  4.79 (3.75, 

5.83) 
4.71 (3.89, 
5.53) 

 

2.21 (1.45, 
2.97) 

2.21 (1.41, 
3.01) 

 

4.43 2.63, 
6.23) 

3.43 2.35, 
4.51) 

Interval 2 3.43 (2.39, 
4.47) 

3.86 (3.00, 
4.72) 

2.07 (1.27, 
2.87) 

2.21 (1.41, 
2.87) 

2.43 0.86, 
4.00) 

2.71 1.57, 
3.85) 

Interval 3 3.21 (2.13, 
4.29) 

3.14 (2.22, 
4.06) 

1.64 (0.78, 
2.50) 

2.14 (1.36, 
2.42) 

2.64 1.52, 
3.76) 

1.86 0.96, 
2.76) 

Interval 4 2.71 (1.97, 
3.45) 

2.57 (1.63, 
3.51) 

1.86 (1.00, 
2.72) 

1.79 (1.10, 
2.55) 

2.36 (1.40, 
3.32) 

1.79 0.91, 
2.67) 

Interval 5 1.93 (1.20, 
2.66) 

2.93 (1.85, 
4.00) 

0.86 (0.37, 
1.35) 

1.64 (1.01, 
1.49) 

0.93 0.24, 
1.61) 

1.50 (0.40, 
2.60) 

Interval 6 2.57 (1.33, 
3.80) 

2.86 (1.96, 
3.76) 

1.57 (0.26, 
2.88) 

1.50 (0.89, 
2.18) 

2.71 0.57, 
4.85) 

2.00 (0.73, 
3.27) 

Interval 7 1.64 (0.91, 
2.37) 

2.57 (1.84, 
3.30) 

1.14 (0.65, 
1.63) 

1.29 (0.56, 
1.87) 

1.71 (0.57, 
2.85) 

2.00 (0.63, 
3.37) 

Interval 8 2.57 (1.53, 
3.61) 

2.86 (1.96, 
3.76) 

0.93 (0.44, 
1.42) 

1.64 (1.11, 
1.46) 

2.36 (1.13, 
3.59) 

1.50 (0.52, 
2.48) 

Interval 9 1.57 (1.00, 
2.14) 

2.36 (1.56, 
3.16) 

1.14 (0.40, 
1.88) 

0.71 0.34, 
1.51) 

0.86 (0.37, 
1.35) 

2.00 (0.26, 
3.74) 

Interval 10 2.36 (1.20, 
3.52) 

1.79 (0.88, 
2.69) 

1.29 (0.51, 
2.07) 

1.00 (0.39, 
1.90) 

1.21 (0.27, 
2.15) 

1.36 (-0.29, 
3.00) 

Interval 11 1.43 (0.65, 
2.21) 

1.00 0.16, 
1.84) 

1.21 (0.52, 
1.90) 

0.64 (0.11, 
1.74) 

1.64 (0.41, 
2.87) 

0.36 0.11, 
0.61) 

Interval 12 1.86 (0.90, 
2.82) 

0.07 (-0.07, 
0.21) 

1.07 (0.38, 
1.76) 

0.07 (-0.07, 
1.21) 

1.64 (0.52, 
2.76) 0.00 (0,0) 

Interval 13 1.00 (0.35, 
1.65) 

1.07 (0.40, 
1.74) 

0.71 (-0.11, 
1.53) 

0.64 (0.15, 
1.2) 

1.57 (-0.92, 
4.06) 

0.71 (-0.43, 
1.85) 

Interval 14 0.71 (-0.03, 
1.45) 

0.93 (0.09, 
1.77) 

0.64 (-
0.144, 1.42) 

0.57 (-0.04, 
1.25) 

0.64 (-0.22, 
1.50) 

0.71 -0.15, 
1.57) 

Interval 15 1.07 (0.38, 0.79 (-0.09, 1.07 (0.19, 0.36 -0.09, 0.79 (-0.17, 1.50 (-0.85, 



19 
CAP PUSHING RESPONSE IN HONEY BEES 

 293 

Experiment 2: Overshadowing in the Cap Pushing Response 294 

 In our second experiment, we explored overshadowing (a decrease in response to one 295 

conditioned stimulus because of the presence of another stimulus) using three different stimuli 296 

consisting of scent, color, and odor (VandenBos, 2007). These stimuli were used to further our 297 

understanding of the CPR by incorporating it into a choice preference paradigm. Previous 298 

research had revealed that the scent of jasmine overshadowed the color orange when bees were 299 

given a choice between the two stimuli (Couvillon & Bitterman, 1980).   300 

The rationale for this experiment is to determine whether including a cap would alter the 301 

bee‟s preference for odor and color in an overshadowing experiment. The cap acts as an obstacle 302 

that must be pushed in order for a honey bee to access the food in the well. We performed an 303 

acquisition phase which paired the three stimuli (jasmine, orange, and cap) with a target that had 304 

a well filled with sugar solution. After acquisition, an extinction phase was initiated where the 305 

three stimuli were separated, and each well was filled with tap water. This allowed researchers to 306 

analyze the CPR technique in an overshadowing experiment.   307 

1.76) 1.67) 1.95) 1.52) 1.75) 3.85) 
Interval 16 1.00 

(0.10,1.90) 
0.57 (0.08, 
1.06) 

0.71 (-0.03, 
1.45) 

0.64 (0.01, 
1.34) 

0.93 0.05, 
1.81) 

0.79 (-0.01, 
1.59) 

Interval 17 0.21 (-0.08, 
0.50) 

1.43 (0.37, 
2.49) 

0.29 (-0.14, 
0.72) 

0.79 (0.16, 
0.92) 

0.07 (-0.07, 
0.21) 

0.36 (-0.09, 
0.81) 

Interval 18 0.86 (0.15, 
1.57) 

0.93 (0.07, 
1.79) 

0.79 (0.05, 
1.53) 

0.36 (-0.03, 
1.18) 

0.29 (-0.14, 
0.72) 

0.50 (-0.34, 
1.34) 

Interval 19 0.71 (0.12, 
1.30) 

0.50 (0.17, 
0.83) 

0.57 (0.00, 
1.14) 

0.36 (0.03, 
0.90) 

0.64 (-0.12, 
1.40) 

0.29 (-0.14, 
0.72) 

Interval 20 0.64 (-0.03, 
1.31) 

1.43 (0.16 
, 2.70) 

0.50 (0.05, 
0.95) 

0.79 (0.05, 
1.24) 

0.64 (-0.07, 
1.35) 

0.36 (-0.09, 
0.81) 

Note. The average frequencies for 6 and 12 trial bees separated out into each individual interval. The 
confidence intervals for each trial are reported in parentheses.  
M = Mean 
CI = Confidence Interval  
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Initially, we hypothesized that the honey bee‟s original choice would be the cap and the 308 

highest frequency of choice throughout extinction. This is because the cap covered the well and 309 

therefore would have to be moved to find the omission of sucrose solution.  310 

 311 

Materials and Methods 312 

Foragers from three honey bee colonies were trained to an artificial feeder approximately 313 

four meters from the respective colonies. The bees were captured, marked, and shaped to push 314 

the cap as in the previous experiment. The target was located on a table approximately two 315 

meters from the artificial sucrose syrup feeder and four meters from the hive. A black poster 316 

board 27.94 cm x 35.56 cm was placed on top of the table to differentiate the target from the 317 

white tabletop on the desired platform. In addition, the brand “LBK™” nail lacquer was used to 318 

mark the bees on the abdomen and thorax to differentiate bees during the experiment. Marking 319 

took place while the bee was feeding on the desired platform approximately two meters from the 320 

artificial sucrose syrup feeder.  321 

Honey bees (N = 96) were trained to fly to a target containing a 50% sucrose solution by 322 

volume. The resistance method of shaping was used to train the bees to push the cap (see 323 

experiment 1). Once the bee completed pushing the cap twice, acquisition trials commenced. 324 

Acquisition instruction included training the bees to push a cap on a platform which consisted of 325 

the color orange (Orange Ochre, Valspar, 2010-1, Minneapolis, MN), the scent of jasmine 326 

measured as 1 drop approximately 0.1 mL (Mary Tylor Naturals, B08JF9WZC1, Fort Myers, 327 

FL), and the physical stimulus of cap pushing (weight = 0.47 g, height = 0.5 cm, length = 1.5 328 

cm). The platforms each had their own wells filled with a 50% sucrose solution. After 6 329 

acquisition trials, a 10-minute extinction phase-separated into twenty 30 second intervals began. 330 
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The three stimuli were then separated approximately 15cm apart from center to center, and each 331 

of the three wells was filled with water. Initial choice preferences and the overall order of choice 332 

throughout the 10-minute extinction trials were recorded. All data for this experiment can be 333 

accessed by request. 334 

 As in our previous experiment, bees were selected from a common feeder regularly visited 335 

by three different hives, and the targets were washed and cleaned based on standard methods 336 

(Couvillon & Bitterman, 1980). Our sample size was based on previous research and personal 337 

experience with this preparation. Further, honey bees are not listed under any ethical codes 338 

concerning humane treatment of animals in research under USA or Greek law; therefore, no 339 

ethical review of the research protocol was conducted.   340 

 341 

Results and Discussion  342 

The data for all 96 bees were analyzed to determine whether or not the cap would 343 

potentially overshadow the other two stimuli (odor & color). As noted in the procedure, the 344 

control bees (n = 24) were not presented with all three stimuli. Instead, they were only presented 345 

with the color and odor stimuli to assess if the bees had an odor preference as found in previous 346 

literature (Couvillon & Bitterman, 1982, 1987, 1989). However, the experimental bees (n = 72) 347 

were presented with all three stimuli (color, odor, and the cap) to see if the cap stimuli influenced 348 

choice preference. The first stimulus touched (cap, jasmine, or orange) by the bee was recorded 349 

for both groups. Overall, the honey bees preferred the scent of jasmine over the color orange and 350 

the physical act of pushing the cap was their initial choice preference and overall choice 351 

preference. This pattern follows previous literature that honey bees rely highly on olfactory cues 352 

(Couvillon & Birtteman, 1982, 1987, 1988, 1989; Funayama et al., 1995).  353 
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In regard to initial first touch, most control bees made contact with the orange platform 354 

first (15/24 bees, 62.50 %), followed by jasmine (9/24 bees, 37.50%). A larger minority of 355 

experimental bees also made contact with the orange platform first (34/72 bees, 47.22%), 356 

followed by jasmine (22/72 bees, 30.56%), and finally the cap (16/72 bees, 22.22%). 357 

It was initially expected that the number of behavioral responses within the control bees 358 

would match a pattern such that the odor (jasmine, J) would be greater than color (orange, O), J 359 

> O. This pattern was compared across all control bees, such that bee N‟s J touches would be 360 

greater than bee N‟s O touches. For the experimental bees, it was hypothesized that if the cap (C) 361 

overshadows the other two stimuli, then the expected pattern produced should follow such that, 362 

C > J > O. This pattern was compared across all experimental bees, such that bee N’s C touches 363 

should be greater than Bee N’s J touches, which should be greater than bee N’s O touches. 364 

 Results for the control bees revealed that 20 out of 24 bees were correctly classified, 365 

meaning they fit the entire ordinal pattern (J > O) as expected, yielding a PCC = 83.33%, c < 366 

0.001, see Figure 5. These results indicate that the overwhelming majority of control bees 367 

preferred the odor (jasmine) stimuli more than the color (orange) stimuli. Out of the four bees 368 

that were not correctly classified, two bees went to J and O at equal rates, whereas the other two 369 

bees were exactly opposite of the expected pattern (i.e., J > O).  370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 
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Figure 5 

Cumulative Response Curves for the Control Bees’ Choices 

 
Note. This figure represents the cumulative frequencies of the jasmine (black line with 
squares) and orange (black line with triangles) choices for the control bees.  
 
 

 378 

Results for the experimental bees did not support our initial hypothesis that the act of 379 

pushing the cap would alter the odor/color relationship. It was expected that if the cap 380 

overshadowed the odor (jasmine) and the color stimuli, then most cases should result such that C 381 

> J > O. The analysis revealed that only 46.76% (101/216) observations matched the pattern, see 382 

Figure 6. Only 10/72 bees were completely correctly classified for the entire pattern (C > J > O) 383 

yielding a meager PCC = 13.89%, c = 0.66. All possible combinations of pairs were compared 384 

further to break down the 101 correctly classified observations. It is worth noting that only 385 

unique pairwise comparisons are reported here; pairwise comparisons that have already been 386 

reported in our analyses (e.g., J > O) are omitted in the additional analyses to follow to avoid 387 

presenting repetitive information.  388 
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Figure 6 

Cumulative Response Curves for the Experimental Bees’ Choices 

 

Note. This figure represents the cumulative frequencies of the jasmine (black line with squares), 389 
orange (black line with triangles), and cap (black line with circles) choices for the experimental 390 
bees.  391 

 392 

The C > J pairwise comparison was unimpressive as only 20/72 cases matched, yielding a 393 

PCC = 27.78%, c = 1.00. The C > O pairwise comparison was similarly unimpressive as only 394 

37/72 cases matched, yielding a PCC = 51.39%, c = .32. Finally, the J > O pairwise was the best 395 

pairwise comparison as 44/72 cases matched, yielding a PCC = 61.11%, c = .01. Due to the 396 

underwhelming results of the C > J > O, we re-conducted the analyses with two new patterns, 1) 397 

J > O > C and 2) J > C > O.  398 

We were initially interested in exploring the possibility that the „cap‟ was the more 399 

salient stimuli for the bees, given that they must first push the cap in order to get to the food 400 

source. However, previous research has suggested that odors (e.g., jasmine) may be more salient 401 
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(Couvillon & Bitterman, 1982, 1987, 1989); as such, we re-conducted our analyses to determine 402 

if the odor (e.g., jasmine) was overshadowing the other two stimuli.  403 

Results for the J > O > C analysis revealed that 56.48% (122/216) of the total 404 

observations were correctly classified and 9/72 total bees were completely correctly classified, 405 

yielding a PCC = 12.50%, c = 0.78. All possible combinations of pairs were compared to break 406 

down the 122 correctly classified observations. The J > C pairwise comparison was impressive 407 

as 49/72 bees matched expectations, PCC = 68.06%, c < 0.001. The O > C pairwise comparison 408 

revealed that 29/72 bees matched expectations, PCC = 40.28%, c = 0.89. It is worth noting that 409 

in the previous analysis, C > J > O, the bees preferred C to O at only a slight majority (51.39%), 410 

whereas, in the J > O > C analyses, O was selected more than C for the minority of bees 411 

(40.28%). This discrepancy is found because ties are treated as incorrect classifications (see 412 

Grice, 2011). If the bee preferred cap and orange equally, then that bee would be incorrectly 413 

classified, as was the case for eight total bees in this comparison. 414 

Finally, the results for the J > C > O analysis were slightly better as 60.19% (130/216) of 415 

the observations were correctly classified, and 20/72 total bees were completely correctly 416 

classified, yielding a PCC = 27.78, c < 0.001. The pairwise comparisons are not considered, as 417 

the pairwise classifications yielded identical results to the pairwise results from the J > O > C 418 

analysis. A summary of all results and possible pairwise comparisons can be found in Table 5. 419 

For ease of comparison with previous literature (Couvillon & Bitterman, 1982, 1987, 1989), we 420 

present the aggregated cumulative response curves for our control bees and experimental bees 421 

within Figures 5 and 6, respectively.  422 

 423 

 424 
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 425 

  426 

 
 
 
 
 
Table 5 
Complete Over-Shadowing Analyses 

Pairwise Comparison Correctly Classified Bees PCC c-value 
Control Bees (N = 24) 
 J > O 20 83.33 < 0.001 
 O > J 2 8.33 1.00 
 J = O 2 8.33 1.00 
Experimental Bees (N = 72) 
 C > J > O 10 13.89 0.66 
 J > O > C 9 12.50 0.78 
 J > C > O 20 27.78 < 0.001 
Possible Pairwise Comparisons  
 C > J 20 27.78 1.00 
 C > O 37 51.39 0.32 
 J > O 44 61.11 0.01 
 J > C 49 68.06 < 0.001 
 O > C 29 40.28 0.89 
 O > J 23 31.94 0.99 
 C = J 3 4.17 1.00 
 C = O 6 8.33 1.00 
 J = O 5 6.94 1.00 

 
Note. J = jasmine, O = orange, C = cap 
This table provides all primary analyses and subsequent pairwise 
comparisons, including cases in which the stimuli were equivalently 
preferred by the bees. 
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Experiment 2 Aggregate Results 427 

A 3 stimuli (Jasmine, Orange, Cap) by 20 Time (Intervals 1-20) Analysis of Variance 428 

(ANOVA) with repeated measures was conducted in SPSS V25 to compare frequencies in 429 

stimuli choice over time for the experimental group. The sphericity assumption was violated for 430 

both stimuli (χ2(2) = 7.72, p = 0.02), time (χ2(189) = 522.58, p < 0.001), and the interaction 431 

stimuli by time (χ2(740) = 1478.36, p < 0.001). This tells us that a F correction must be used, 432 

therefore, the Greenhouse-Geisser correction was chosen for the main effect of time and the 433 

stimuli by time interaction (εt ime = 0.49, εstimuli*time = 0.49) and a Huyn-Feldt correction was 434 

chosen for the main effect Stimuli since epsilon was greater than 0.75 (εt ime = 0.93). 435 

The tests of within-subjects effects revealed that there was a medium difference in stimuli 436 

choice according to Cohen‟s (1988) effect size conventions; F(1.86, 131.74) = 6.67, p = 0.002, 437 

ηp
2 = 0.09. In considering the highest-ordered contrasts, we observed a quadratic contrast for the 438 

frequencies of the Stimuli (jasmine, orange, cap); F(1, 71) = 18.18, p < 0.001. The tests of 439 

within-subjects effects revealed that there were large difference in the frequencies of choices 440 

across time, according to Cohen‟s (1988) effect size conventions; F(9.22, 654.80) = 51.77, p < 441 

0.001, ηp
2 = 0.42. In considering the highest-ordered contrasts, we observed a quadratic contrast 442 

for the frequencies of choices over time; F(1, 71) = 8.64, p = 0.004. The tests of within-subjects 443 

effects revealed that there was a small difference in the frequencies of stimuli choice across time 444 

according to Cohen‟s (1988) effect size conventions; F(18.73, 1330.01) = 2.71, p < 0.001 ηp
2 = 445 

0.04. In considering the highest-ordered contrasts, we observed a linear contrast for the 446 

frequencies of the interaction stimuli across time; F(1, 71) = 7.75, p = 0.007.  447 

Stimuli pairwise comparisons showed that the bees preferred jasmine (M = 0.98; SE = 448 

0.05) more than the cap (M = 0.80; SE = 0.05) and orange; M = 0.78; SE = 0.06; p‟s < 0.01. 449 
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Table 6 presents the descriptive results for the frequencies of stimuli choice across each interval. 450 

As seen in the table, in the first interval, the bees chose the orange stimuli more than the jasmine 451 

or cap stimuli, but after the first interval the bees typically preferred the jasmine more than either 452 

the cap or orange stimuli. Moreover, the frequencies of each stimuli choice generally declined 453 

over time. Although, as observed by our quadratic contrast, there was a difference found between 454 

some of the isolated intervals (e.g., intervals 6 and 7 for jasmine, see table 6). The mean 455 

frequencies for the isolated intervals slightly increased from one interval to the next. The results 456 

produced from our aggregate findings align with the results produced from our primary OOM 457 

findings; the bees typically preferred jasmine over orange and the cap, and initially preferred the 458 

orange over the cap, but over time the bees chose the cap more frequently than the orange 459 

stimuli.  460 

 461 

 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 
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of Variance (ANOVA) with repeated measures was conducted in SPSS V25 to compare 490 

frequencies in stimuli choice over time for the control. The sphericity assumption was violated 491 

for both times (χ2(189) = 287.20, p < 0.001) and the interaction stimuli by times (χ2(189) = 492 

340.53, p < 0.001). This tells us that a F correction must be used, therefore, the Greenhouse-493 

Geisser correction was chosen; εt ime = 0.41, εstimuli*time = 0.36. The tests of within-subjects effects 494 

revealed that there was a large difference in the frequencies of stimuli choice according to 495 

Table 6 

Average Frequencies of Jasmine, Orange, and Cap Choices Across Time for 

Experimental Bees   

Timepoints 
 Jasmine  Orange  Cap 

Mean SE  Mean SE  Mean SE 

 

Interval 1  2.36 0.17 

 

2.43 0.19 

 

1.53 0.17 
Interval 2 1.82 0.16 1.64 0.18 1.10 0.19 
Interval 3 1.56 0.15 1.28 0.15 1.22 0.12 
Interval 4 1.46 0.14 1.24 0.12 1.07 0.13 
Interval 5 1.47 0.14 1.49 0.16 1.22 0.15 
Interval 6 1.24 0.13 0.94 0.13 1.22 0.12 
Interval 7 1.35 0.11 0.99 0.12 1.38 0.16 
Interval 8 1.15 0.13 0.78 0.13 1.01 0.15 
Interval 9 1.33 0.13 0.79 0.12 1.13 0.14 
Interval 10 1.17 0.14 0.68 0.13 1.01 0.12 
Interval 11 0.99 0.15 0.75 0.12 0.75 0.11 
Interval 12 0.76 0.13 0.56 0.12 0.61 0.11 
Interval 13 0.64 0.13 0.43 0.12 0.53 0.11 
Interval 14 0.51 0.11 0.24 0.08 0.39 0.08 
Interval 15 0.33 0.09 0.36 0.11 0.36 0.10 
Interval 16 0.36 0.09 0.24 0.07 0.26 0.07 
Interval 17 0.25 0.07 0.25 0.08 0.29 0.07 
Interval 18 0.26 0.07 0.13 0.05 0.36 0.11 
Interval 19 0.43 0.11 0.22 0.07 0.26 0.07 
Interval 20 0.22 0.08 0.15 0.05 0.19 0.07 

 Total   0.98 0.05  0.78 0.06  0.80 0.05 
Note. The total mean frequencies of each stimuli have been bolded for emphasis.  
SE = Standard Error  
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Cohen‟s (1988) effect size conventions; F(1, 23) = 27.98, p < 0.001, ηp
2 = 0.55. In considering 496 

the highest-ordered contrasts, we observed a linear contrast for the frequencies of the preferred 497 

stimuli; F(1, 23) = 27.98, p < 0.001. The tests of within-subjects effects revealed that there was a 498 

large difference in the frequencies of choices across time according to Cohen‟s (1988) effect size 499 

conventions; F(7.80, 179.30) = 18.57, p < 0.001, ηp
2 = 0.45. In considering the highest-ordered 500 

contrasts, we observed a quadratic contrast for the frequencies of choices over time; F(1, 23) = 501 

6.06, p = 0.02. Specifically, the bees‟ frequencies of stimuli choices declined as time went on 502 

(see Table 7).  503 

Finally, the tests of within-subjects effects revealed that there was a small to medium 504 

difference in the frequencies of stimuli choice across time according to Cohen‟s (1988) effect 505 

size conventions; F(6.91, 159.00) = 1.62, p = 0.13, ηp
2 = 0.07; although the small to medium 506 

differences were not „statistically‟ significant according to p < 0.05 conventions. In considering 507 

the highest-ordered contrasts, we observed a negative linear contrast for the frequencies of 508 

stimuli choice over time; F(1, 23) = 12.85, p = 0.002. Once again, we observed a similar pattern 509 

as found with the experimental bees, and our primary OOM analyses, the control bees typically 510 

preferred the jasmine stimuli over the orange stimuli (see Table 7).  511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 
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Table 7  519 

Timepoints  Jasmine  Orange 
 Mean SE  Mean SE 

 

Interval 1  2.63 0.35 

 

2.58 0.36 
Interval 2 2.21 0.23 1.33 0.26 
Interval 3 2.33 0.34 1.21 0.23 
Interval 4 2.08 0.32 1.17 0.20 
Interval 5 2.25 0.30 1.17 0.28 
Interval 6 1.46 0.25 1.04 0.24 
Interval 7 2.04 0.29 1.04 0.24 
Interval 8 1.92 0.35 0.83 0.23 
Interval 9 1.25 0.27 0.88 0.27 
Interval 10 0.67 0.19 0.63 0.17 
Interval 11 0.88 0.24 0.42 0.15 
Interval 12 1.00 0.28 0.46 0.19 
Interval 13 0.71 0.22 0.29 0.13 
Interval 14 0.71 0.27 0.29 0.11 
Interval 15 0.79 0.26 0.33 0.17 
Interval 16 0.54 0.15 0.38 0.15 
Interval 17 0.33 0.17 0.21 0.10 
Interval 18 0.29 0.15 0.13 0.07 
Interval 19 0.33 0.14 0.13 0.09 
Interval 20 0.17 0.08 0.17 0.12 

 Totals  1.23 0.09  0.73 0.07 
Note. The total mean frequencies of each stimulus have been bolded for emphasis. 
SE = Standard Error  
 520 

Experiment 3: Discriminate punishment of the cap pushing response in honey bees  521 

The purpose of this experiment is to determine whether electric shock can be 522 

incorporated into the CPR paradigm. The rationale behind this experiment is to provide a full 523 

picture of how both positive and negative stimuli can influence learning the CPR. Moreover, 524 

previous free flight and harnessed honey bee proboscis extension response (PER) studies found 525 

that aversive conditioning is effective in modifying the behavior of honey bees (e.g., Abramson, 526 

1986; Giurfa & Sandoz, 2012; Smith et al., 1991).  527 

 528 

 529 
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Materials and Methods  530 

 Each of the 16 bees received 12 training trials in a simultaneous punishment situation in 531 

which both targets were presented. For half of the bees, the punished target was the cross (weight 532 

= 0.31 g, height = 0.5 cm, length = 1.5 cm); for the remaining 8 bees, the punished target was the 533 

cap (weight = 0.47 g, height = 0.5 cm, length = 1.5 cm).  The bees were shocked with 9 V 1.3 534 

mA if they picked the wrong target (cap or cross); there seemed to be no initial bias with the 535 

targets. To account for directional biases, the cross and round caps were counterbalanced in each 536 

of the conditions. As in our previous experiment bees were chosen from a common feeder 537 

regularly visited by three different hives, shaped to push the cap or the cross, and the targets 538 

were washed and cleaned based on standard methods. Our sample size was based on previous 539 

research and personal experience with this preparation. Further, Honey bees are not listed under 540 

any ethical codes concerning humane treatment of animals in research under USA or Greek law; 541 

therefore, no ethical review of the research protocol was conducted.   542 

 543 

Results and Discussion  544 

The data for all 16 bees were first analyzed utilizing an a priori pattern matching 545 

procedure within OOM. For this analysis, the pattern was defined such that a bee choosing the 546 

non-punished cap was classified as „correct‟ and scored as „1.‟ The bee that chose the punished 547 

cap was classified as „incorrect‟ and was scored as „0.‟ It was expected that bees could learn to 548 

differentiate between the punished and non-punished caps. Consistent with expectation, results 549 

revealed that the percentage of correctly classified (PCC) choices increased across the 12 trials. 550 

At trial 1, the PCC was only 50%, and the randomization test revealed this result could be 551 

interpreted as a product of physical chance, c = 0.60. Figure 8 shows the combined PCCs for all 552 
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bees across the 12 trials, and as can be seen in the figure, by trial 7, the overwhelming majority 553 

of bees had learned the correct choice, PCC = 87.50%, c = 0.001. Moreover, by trials 11 and 12, 554 

all bees had learned the correct choice, PCC‟s = 100%, c‟s < 0.001. 555 

Differences in the learning patterns were further examined by analyzing the cumulative 556 

frequencies of each individual bee‟s correct choices across the 12 trials. Within the OOM 557 

software, an analysis titled the Concatenated Ordinal Analysis, was relied upon to compare the 558 

individual‟s cumulative frequencies to an expected ordinal pattern of monotonic increasing 559 

correct responses (viz., Trial 1 < Trial 2 < Trial 3, etc.), similar to the analysis conducted in 560 

Experiment 1. If the bees were continuously choosing the correct target, then a monotonic 561 

increasing relationship should be observed for the individual bees and high PCC index should be 562 

computed for each bee. The resulting PCC indices for the individual bees varied from 63.64% to  563 
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90.91%, with the randomization c-values all less than 0.09. 564 

Additional ordinal analyses showed that one bee consistently chose the correct cap across 565 

all trials after an incorrect choice in the first and fourth trials. Contrarily, the other fifteen bees 566 

did not consistently choose the correct cap across the first six trials. The cumulative frequencies 567 

for these 15 bees did not show evidence of monotonic increases during the first six trials. 568 

However, analyses for the last six trials showed that the bees chose the correct cap with greater 569 

Figure 7 

Response PCC Curve for All Individual Bees 

 

 
Note. The solid black line represents the proportions for the PCC‟s computed for the total number 
of correct choices across all 16 bees and across the 12 trials. The dashed black line indicates the 
corresponding c-values across all trials. The proportional values were obtained by converting the 
PCC across all bees correct choices to proportional frequencies (   

   
) at each trial.  
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consistency (see Figure 7). Half of the bees from trials 7 through 12 had PCCs of 80% 570 

(randomization c’s < 0.05), and the PCCs computed for the other half were all equal to 100% 571 

(randomization c’s < 0.01). 572 

We found that our bees readily learned to avoid shock by selecting the correct responses 573 

(i.e., shock-free target) as shown by a decrease of shock stimuli presented to the bees throughout 574 

the proceeding trials. It is important to note that as in the Smith et al (1991) proboscis 575 

conditioning study, both targets contained sucrose. The results indicated that across the 12 trials, 576 

the proportion of bees selecting the unpunished target typically increased, and the number of 577 

shocks received by the bees generally decreased. By trials 11 and 12, no bees received 578 

punishment (see Figure 8), indicating they avoided the shock (see also Abramson, 1986). 579 

Moreover, on average, the bees received fewer shocks (i.e., made more correct choices) as the 580 

trials progressed (see Table 8). Our results are similar to results previously found using a 581 

proboscis conditioning situation in harnessed forager bees and free flying situations (Abramson, 582 

1986; Smith et al., 1991). 583 

 584 

 585 

 586 

 587 

 588 

 589 
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Figure 8  

Total Shocks Across Each Trial   

 
Note. These data represent the total shocks received at each trial for all 16 bees.  
 590 

Experiment 3 Aggregate Results 591 

A 12 Time (Trials 1-12) repeated measures ANOVA was conducted in SPSS V25 to 592 

compare the frequencies of shock over time. The tests of within-subjects effects revealed that 593 

there were large differences in the amount of shocks the bees received over time, according to 594 

Cohen‟s (1988) conventions; F(11, 165) = 6.21, p < 0.001, ηp
2 = 0.29. Specifically, we observed 595 

a negative linear contrast over time; F(1, 11.10) = 107.22, p < 0.001. These results align with 596 

those found in our primary OOM analyses, on average, the bees received fewer shocks as time 597 

progressed and by the 11th and 12th trials, no bees were shocked. See Table 8 to see shocks 598 

received over the 12-trials.    599 
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Table 8 

Average Frequencies of Shock Over Each Trial 

Time Point  Mean  SD 
 Trial 1  2.00  2.37 

 Trial 2  2.06  1.44 

 Trial 3  1.13  1.75 

 Trial 4  1.53  1.50 

 Trial 5  0.50  0.97 

 Trial 6  1.56  1.46 

 Trial 7  0.25  0.77 

 Trial 8  0.06  0.25 

 Trial 9  0.25  0.58 

 Trial 10  0.63  1.20 

 Trial 11  0  0 

 Trial 12  0  0 
 600 

 601 
General Discussion 602 

 603 
Summary of Findings 604 

 The cap pushing response was developed in 2016 (Abramson et al., 2016). In the 605 

current series of experiments, we looked at a progression of the cap pushing response 606 

(CPR) utilizing advanced discrimination tasks. Throughout our experiments, naïve control 607 

bees and trained experimental bees were used to show different frequencies of learning.  608 

Experiment 1 looked at the role of extinction within the CPR. We found that the 609 

majority of the 12 trial bees stopped responding earlier than the 6 trial bees. Our results 610 

were similar to previous research where the 6 trial bees produced a longer extinction 611 

duration than the 12 trial bees (Couvillon & Bitterman, 1980). Furthermore, while the 612 
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aggregate results do not offer support for the hypotheses at p < 0.05, the patterns of the 613 

descriptive statistics still reveal that on average, the 12-trial bees quit performing the 614 

behaviors prior to the 6-trial bees. Specifically, as observed in our OOM findings, the 615 

average frequency of behaviors performed by the 12-trial bees was lower than the 6-trial 616 

bees during the 12th interval. This experiment revealed that the 6-trial bees extinguished at 617 

a lower rate, suggesting that this number of trials is more effective for behavioral retention.  618 

Experiment 2 sought to determine if prior learning (cap pushing) could be used to 619 

overshadow preferences for the color orange and odor jasmine. During the acquisition 620 

phase, all the stimuli were paired together while training the CPR technique. We then used 621 

extinction to see the bee‟s choice preference throughout a 10-minute extinction session 622 

split into twenty 30 second intervals. Our findings followed previous research (Couvillon 623 

& Bitterman, 1982) and suggests that honey bees rely highly on olfactory cues: the scent of 624 

jasmine overshadowed both the cap and color orange.  625 

Experiment 3 helped determine whether electric shock can be incorporated into the 626 

CPR paradigm. We found that punishment is effective in modifying the choice behavior of 627 

honey bees. OOM and traditional statistics found that as bees progressed through the trials, 628 

they quickly learned which cap was shock free and which provided the punishment.  629 

Combined, these experiments help further our knowledge of honey bees‟ learning 630 

abilities. With these results researchers will now know the ideal number of training trials 631 

needed to produce the best results for behavioral retention. They will also be able to 632 

consider the roles of stimuli preference and aversive conditioning effects on honey bees‟ 633 

learning.   634 

 635 
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Observational Orientated Modeling (OOM) 636 

 Of note, using OOM required no computations of means, standard deviations, 637 

variances, or p-values. Instead, the utilization of OOM provides the researcher with the 638 

exact quantity of bees that responded according to one‟s hypotheses (see Grice et al., 639 

2020).  640 

More importantly, as summarized in Table 9, in addition to providing the same 641 

information as the traditional aggregate statistics, the OOM analyses enabled us to observe 642 

patterns within our data that may have been missed if the traditional aggregate statistics 643 

were employed. Specifically, in Experiment 1, the primary interaction effect was not 644 

„statistically significant‟ which may lead one to believe that the bees extinguished all the 645 

behaviors at near equal rates over time. However, aggregate descriptive statistic show the 646 

same general trend as the OOM findings. Around the 12th interval the 12-trial bees are 647 

performing far fewer behaviors than the 6-trial bees. OOM, therefore, enabled us to 648 

observe potentially important and meaningful relationships, which may have otherwise 649 

been overlooked or „washed‟ within the average bee.  650 
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 651 

This paper is not the first to demonstrate the effectiveness of organism-centered 652 

data analyses. OOM has been used in a number of non-human research publications, 653 

Table 9 

Comparison Between OOM Findings and Supplementary SPSS Findings for the Experiments 

Experiment  Hypotheses  OOM 
Findings  Aggregate 

Findings Compare/Contrast 

#1 Extended 
Training  

12-Trial bees 
would extinguish 

the landing, 
touching, and 

pushing behavior 
earlier than 6-

Trial bees. 

 

Most 12-Trial 
bees extinguished 

the behaviors 
after the 11th 

interval. Most 6-
Trial bees 

extinguished 
after the 13th 

interval. 

 

Frequencies of 
bee‟s behaviors 

declined at „equal 
rates‟ as the 

overall interaction 
effect was not 

statistically 
significant. 

OOM found 
meaningful patterns 
readily. Aggregate 
results would not 

have been considered 
further due to the 

non-significant 
interaction, though 

the descriptive 
statistics reveal the 
same pattern found 

by OOM. 
 

#2 
Overshadowing  

Jasmine would 
overshadow the 
orange and cap 

stimuli. 

 

The majority of 
experimental and 

control bees 
preferred the 
jasmine over 

both the orange 
and cap stimuli, 

but preferred the 
cap stimuli 

slightly more 
than orange 

stimuli. 

 

On average, 
experimental bees 
preferred jasmine 
more than orange 

(except for the 
first interval), and 
the cap. The cap 
was preferred on 

average more than 
the orange, 

although only 
marginally. The 

Control bees 
preferred jasmine 
far more than the 

orange stimuli. 

The OOM and 
aggregate findings 

offer similar 
conclusions. Jasmine 
was preferred more 
than the cap/orange 
stimuli. There is a 

marginal preference 
to the cap over 

orange for 
experimental bees. 

        

#3 Punishment  

Honey bees 
would be able to 
discriminate cap 

types with a 
shock form of 

negative 
reinforcement.  

 

After the 6th trial, 
the majority of 
bees no longer 

choose the 
punished cap and 
have successfully 

learned which 
cap is not 
punished. 

 

On average, the 
bee‟s frequencies 

of shocks (i.e., 
incorrect choices) 

decreases over 
time. By the 8th 
trial the bees 
receive 0.06 

shocks. 

The OOM and 
aggregate findings 

offer similar 
conclusions. As the 

bees progressed 
through the trials, 

they quickly learned 
which cap delivered 

punishment and 
which cap did not. 
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including social reinforcement delays in honey bees (Craig et al., 2012), a comparative 654 

analysis of drone vs. worker honey bees (Dinges et al., 2013), timing in fixed-interval 655 

schedules of reinforcement in honey bees and horses (Craig, et al., 2014, 2015), and taste 656 

aversion learning to ethanol in honey bees (Varnon, et al., 2018). OOM has also been used 657 

in a number of human research studies, including terror management (Grice et al., 2012), 658 

the Stroop effect (Grice et al., 2017), memory (Grice et al., 2017), vengefulness in males 659 

(Grice et al., 2017), racial bias (Grice et al., 2017), evolutionary theory (Grice et al., 2012), 660 

epidemiology (Grice et al., 2020), and rejection in social situations (Grice, 2015).  661 

OOM offers an alternative form of data analysis that readily enables the researcher 662 

to determine how many organisms are behaving as expected. In addition, OOM requires 663 

the researcher to produce expected patterns that the individual observations should follow. 664 

The accompanying analyses then confirm or disconfirm the proposed patterns by 665 

producing high (i.e., confirmed) or low (i.e., disconfirmed) PCC indices. Suppose a pattern 666 

does not produce a desirable PCC, such as in the case of the first pattern utilized in 667 

experiment 2. In that case, the pattern can be modified (when supported by theory or 668 

previous research) and tested again to determine if the PCC produced from one pattern is 669 

stronger than another (see also Grice, 2011; Grice et al., 2017; 2020).  670 

 Specifically, in the field of animal research, OOM provides a unique ability to 671 

explore patterns at the level of the organism, which could otherwise be missed at the level 672 

of the aggregate as shown in our SPSS analysis. Further, because the PCC is an assumption 673 

free effect size, we can use smaller sample sizes without risk of biasing our results (Grice, 674 

2011; Grice et al., 2020), which is particularly advantageous for a field that relies upon 675 

primarily small sample sizes (Craig & Abramson, 2018). In summary, these advantages 676 
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provide animal researchers more flexibility and a greater tool set to explore potentially 677 

meaning paradigms like the CPR.  678 

  679 
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