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Abstract 27 

According to a symbolic perspective on EC, pairings constitute a relational contextual 28 

cue in the environment. It is the relationship between stimuli as cued by the pairing (i.e., 29 

pairings = similar) that determines the observed change in liking. Across five pre-registered 30 

studies (N = 747) we manipulated the absolute or relative distance between different pairs of 31 

conditioned (CS) and unconditioned stimuli (US) under the assumption that this would 32 

influence the type of relation that the pairings would cue (i.e., close = similar; far = different). 33 

In all five studies we obtained repeated and strong evidence that stimulus pairings led to 34 

changes in implicit and explicit evaluations. Although we found that these effects were 35 

moderated by absolute distance manipulations, evidence did not emerge indicating that those 36 

same effects were moderated by relative distance manipulations. These findings fail to 37 

provide strong support for a symbolic perspective on EC. We discuss the implications of our 38 

findings as well as future research in this area.    39 

Introduction 40 

Evaluative Conditioning (EC) refers to a change in liking due to the pairing of stimuli, 41 

and is an important avenue via which evaluations can be established or changed. In a typical 42 

EC study a neutral conditioned stimulus (CS) acquires the valence of a positive or negative 43 

unconditioned stimulus (US) with which it was previously paired. For example, contiguous 44 

presentations of a neutral face with pleasant images can result in that person being evaluated 45 

positively whereas pairing the same individual with negative images results in them being 46 

evaluated negatively (see [1]).  47 

Received wisdom dictates that EC constitutes a “primitive” form of learning, 48 

presumably because the operation involved (the pairing of stimuli) is itself a simple one. 49 

Recently, however, this idea has been challenged by a new symbolic perspective on EC [2]. 50 

The symbolic perspective argues that, early on in their development, humans gain access to a 51 

symbolic learning pathway (i.e., they learn how to generate and use symbols). This ability 52 

enables them to imbue stimuli with symbolic meaning and humans constantly do so [3]. For 53 

instance, thousands of languages are spoken around the world every day consisting of 54 

individual symbols (words) that are strung together to convey complex meaning (sentences). 55 

Musical and mathematical notation systems have been constructed that also consist of abstract 56 

symbols. But symbols are not limited to words and notations. Physical gestures (such as a 57 

wink of the eye or a thumbs up) can convey as much meaning as a sentence or story. Roads 58 

are decorated with symbols indicating how people should behave (traffic signs), as are the 59 

insides of museums and art galleries (e.g., lines in front of paintings function as symbols 60 

telling people to stop), and the outsides of buildings, which are often decorated with symbols 61 

(e.g., lions, eagles, saints) dripping with specific meaning. In short, humans are surrounded by 62 

a rich variety of symbols and imbue stimuli with symbolic meaning each and every day.
 
 63 

Now if humans are capable of imbuing stimuli with symbolic meaning then they might 64 

also imbue environmental regularities with meaning. An environmental regularity refers to all 65 

states in the environment of the organism that entail more than the presence of a single 66 



 

stimulus or behaviour at a single moment in time [4]. Regularities can involve the repeated 67 

presentation of a single stimulus (e.g., as in mere exposure procedures) or relationships 68 

between stimuli and actions (e.g., as in approach-avoidance training procedures). We propose 69 

that stimulus pairings - the regularity at the core of EC - represents yet another regularity that 70 

can convey relational symbolic meaning (i.e., how one stimulus is related to another). Put 71 

simply, according to the symbolic perspective on EC, the pairing of stimuli changes liking 72 

because humans respond to those pairings as a contextual cue symbolizing that the CS and US 73 

are related in a certain way. EC research therefore provides unique information about the way 74 

in which liking changes as the result of symbolic meaning construction that is based on 75 

stimulus pairings [2].  76 

EC as a Symbolic Phenomenon 77 

If pairings do function as a symbol indicating how stimuli are related, then two 78 

possibilities follow. First, there may be some ‘default’ symbolic meaning that people attribute 79 

to pairings when other relevant contextual information is missing. Drawing on past EC 80 

research (e.g., [1]) and work elsewhere in learning psychology (e.g., [5]), we believe that the 81 

‘default’ symbolic meaning of pairings may be ‘similarity’ – namely – that the CS and US are 82 

similar along a particular dimension (e.g., valence). Similarity relations typical lead to the 83 

assimilative effects seen in the EC literature wherein a CS acquires the same valence as a US. 84 

From this perspective, stimulus pairings may function in much the same way as the 85 

expression “is similar to” in the instruction “A is similar to B” functions (i.e., they symbolize 86 

that two stimuli share certain properties; [2]). Second, just as the symbolic meaning of 87 

individual stimuli can vary across contexts (e.g., the letter-string ‘beer’ refers to an animal 88 

[‘bear’] in Dutch and a beverage in English), it might also be the case that the symbolic 89 

meaning of stimulus pairings varies over contexts. In other words, it should be possible to 90 

change the type of relationship that pairings convey, from manipulating the context in which 91 

stimuli are paired [6], to priming [7], as well as the presence of verbal relational qualifiers [8, 92 

9], instructions [10, 11, 12, 13], or the requirement to make on-line judgements [14].  93 

The aforementioned symbolic perspective also leads to new predictions. For instance, 94 

if pairings do function as a symbol indicating that the CS and US are similar to one another, 95 

then manipulating the properties of pairings could impact how symbolically similar the CS 96 

and US are perceived to be – and by implication – how much the CS is liked or disliked. One 97 

such property is the distance between paired stimuli. One way to think about distance is in 98 

terms of a continuum along which stimuli can vary (from those that are relatively close to one 99 

another to those that are further apart). When viewed in this way we see that distance is a 100 

relative and relational concept (it only makes sense to say that something is close or far away 101 

in relation to another object or position along that continuum). Put another way, distance is a 102 

relational contextual cue (i.e., something in the environment that signals how two stimuli are 103 

related to one another along the distance continuum). Therefore just as a traffic light signals 104 

how people should behave (stop or go), distance signals how stimuli are related (close vs. far 105 

away). This might lead people to respond to those stimuli in a certain way (as being more or 106 

less similar to one another), and thus cause them to be liked or disliked to a greater or lesser 107 

extent. 108 



 

Distance between stimuli can be manipulated in one of two ways. The first is simple 109 

and direct: it involves just two stimuli that differ in how close or far away they are from one 110 

another (for communication purposes we will refer to this as an absolute distance 111 

manipulation). The second way is more complex and indirect. The distance between the 112 

stimuli we are interested in is not directly but rather indirectly manipulated based on the 113 

relative distance between those stimuli and another pair of stimuli (for communication 114 

purposes we will refer to this as a relative distance manipulation). To illustrate, imagine 115 

participants complete an EC phase consisting of two types of trials: focal trials in which 116 

certain CSs and USs always appear at a medium distance from one another, and filler trials in 117 

which other CSs and USs appear relatively closer together or further apart. In a context where 118 

the filler pairs are presented further apart from each other, stimuli in the focal trials may be 119 

perceived as being closer together and thus more similar to one another. If so, then stronger 120 

assimilative EC effects should emerge for the focal compared to filler stimuli. Yet when the 121 

filler pairs are presented closer together, focal pairings are relatively speaking further apart 122 

(and thus may be considered as dissimilar to, or at least less similar than) the filler stimuli. If 123 

so, then EC effects for the focal stimuli should either be reversed or assimilative but 124 

weakened (depending on how participants symbolically construe the meaning of distance). 125 

The key point here is that, in both cases, distance may act as a relational contextual cue. But 126 

how that cue is manipulated varies: either simply and directly (in absolute distance 127 

manipulations) or in a more complex and indirect way (in relative distance manipulations). 128 

We tested both of these ideas in five studies to see if they would moderate EC effects. 129 

In Experiment 1 we implemented an absolute distance manipulation during the EC phase, so 130 

that certain CSs and USs were presented close together whereas others were presented far 131 

apart. In Experiments 2-5 we implemented a relative distance manipulation during the EC 132 

phase similar to that mentioned above. Following the EC phase, CS evaluations were assessed 133 

via self-report ratings and an Implicit Association Test (IAT). We added an IAT as it is 134 

assumed to reflect more automatic instances of evaluation that can influence behavior in 135 

unique ways (e.g., [16]). If the symbolic meaning of pairings can be altered through absolute 136 

distance manipulations (i.e., simple and direct manipulations), then we would expect to 137 

observe larger EC effects when the CS and US are presented close together than further apart. 138 

If that meaning can also be altered through relative distance manipulations (i.e., more 139 

complex and indirect manipulations) then we would expect to see larger (focal) EC effects 140 

when filler stimulus pairs are (relatively speaking) further apart from one another (and thus 141 

the focal stimuli are closer together) than when the filler stimuli are closer together (and thus 142 

the focal stimuli are further apart).  143 

Experiment 1 144 

 Our first experiment set out to investigate if an absolute distance manipulation would 145 

moderate the strength of explicit and implicit evaluations. Based on previous work, we 146 

anticipated that CS-US pairs presented close together would lead to stronger EC effects than 147 

CS-US pairs presented further apart [15]. 148 

Method 149 



 

Ethics Statement. The Ethics Committee of the Faculty of Psychology and 150 

Educational Sciences at Ghent University granted ethical approval for the study procedures. 151 

All participants were assured that no harm would come to them in the process of experiment, 152 

and were told that this experiment involved a learning task, a speeded computer task, and self-153 

reported questions. The results of all tests were kept confidential. Participants were informed 154 

that they had the right to stop the experiment at any time during the experiment. Written 155 

consent was obtained before the experiment began. 156 

 157 

Participants and design. 135 participants (78 women, Mage = 33.59, SD = 8.80) 158 

completed the study on the Prolific Academic website (https://prolific.ac) in exchange for a 159 

monetary reward (£1.50). The experiment was programmed in Inquisit 4.0 and hosted via 160 

Inquisit Web (Millisecond Software, Seattle, WA). It consisted of a 2 (Stimulus Distance: 161 

close vs. distant) x 2 (Valence: CS1[CS3]+USpositive
 vs. CS2[CS4]+USnegative) between-162 

subjects design. Self-reported ratings and IAT effects were the dependent variables. Three 163 

additional method factors were also manipulated across participants: stimulus identity (CS1 164 

and CS3 vs. CS2 and CS4 assigned to positive US stimuli), evaluative task order (self-report 165 

or IAT first) and IAT critical block order (EC phase consistent vs. inconsistent first). The 166 

sample size was determined prior to data collection. Note that the study designs and data-167 

analysis plans for all experiments were pre-registered and made available on the Open 168 

Science Framework website (https://osf.io/hdmek/). We report all manipulations and 169 

measures used in Experiments 1-5. All data were collected without intermittent data analysis. 170 

The data analytic plan, experimental scripts, and data are available at the above link. 171 

Materials 172 

Stimuli. Four nonsense words (Morag, Cacht, Ailbe, Struan) served as CS1, CS2, 173 

CS3, CS4. USs consisted of six positive and six negative images selected from the Open 174 

Affective Standardized Image Set (OASIS [17])1. The assignment of CSs to close or distant 175 

trials, or positive and negative USs was counterbalanced across participants.  176 

Procedure  177 

Participants were first provided with a general overview of the experiment and then 178 

asked for their informed consent. Overall, the study consisted of four phases: US 179 

familiarization, EC, evaluative measures, and exploratory questions. The entire session took 180 

approximately 20 minutes. 181 

US familiarization. Participants were first presented with each of the USs one at a 182 

time onscreen. This was to ensure that they were aware of the content of each image, given 183 

that the images were rather small due to the distance manipulation (see below). Thus each 184 

image was presented in a bigger size (30%) than in the EC phase (16%). The duration of each 185 

trial was 3000ms while the inter-trial interval (ITI) was 500ms. 186 

EC. The following instructions were provided prior to the EC phase: “In the next part 187 

of the study you are going to encounter four new words (Morag, Ailbe, Struan, Cacht). You 188 

                                                           
1 Positive image numbers: Dog 6, Lake 9, Fireworks 3, Penguins 2, Rainbow 2, Beach 1; Negative image 

numbers: War 1, Shot 3, Bloody Knife 1, KKK rally 1, Garbage dump 4, Scary face 1 



 

have probably never seen these words before. These words will appear together with an 189 

image. Important: some of the words and images are going to move away from one another. 190 

Other words and images will move towards one another. Pay attention to which words and 191 

images move away from or towards one another.”  192 

The EC phase consisted of two blocks of 24 trials (48 total). Each trial began with two 193 

grey rectangles presented at a medium distance apart (stimulus coordinates on the horizontal 194 

axis were 30% and 70%, respectively). During half of the trials these two rectangles moved 195 

closer to one another, and once they were side-by-side, the rectangles disappeared to reveal 196 

CS1 or CS2 behind one and a positively or negatively valenced image (US) behind the other 197 

(stimulus coordinates on the horizontal axis at trial termination: 44% and 56%, respectively). 198 

On the other half of the trials the two rectangles moved away from one another, and once they 199 

were on opposite sides of the screen, the rectangles disappeared to reveal CS3 or CS4 behind 200 

one and a valenced image behind the other (stimulus coordinates on the horizontal axis at trial 201 

termination: 16% and 84%, respectively). CSs and USs remained onscreen together for 202 

another 1750ms. Thereafter all stimuli disappeared and the next trial began (see Fig 1). 203 

 204 
 205 
Fig 1. Examples of the close (top right) and distant (bottom right) trials as well as the starting point for 206 
each trial (medium distance; top and bottom left panels) in Experiment 1.  207 
Stimuli were initially hidden behind grey rectangles so that participants could process distance before contiguity. 208 
 209 

IAT. Two IATs were administered: one to measure implicit evaluations of the CSs 210 

presented on ‘close’ trials (i.e., CS1 and CS2) and another to measure evaluations of CSs 211 

presented on ‘distant’ trials (i.e., CS3 and CS4). During both IATs participants were informed 212 

that two of the novel words they encountered during the learning phase (targets) as well as the 213 

words ‘Good’ and ‘Bad’ (attributes) would appear on the upper left and right sides of the 214 

screen, and that stimuli could be assigned to these categories using either the left (‘E’) or right 215 

keys (‘I’). If a word was correctly categorized, then the stimulus disappeared from the screen 216 

and the next trial began. In contrast, an incorrect response resulted in the presentation of a red 217 

‘X’ which remained onscreen until the correct key was pressed. Overall, each IAT consisted 218 

of seven blocks of trials. The first block (20 practice trials) required them to sort the two 219 



 

nonsense words into their respective categories, with one word (e.g., CS1) assigned to the left 220 

(‘E’) key and the other (e.g., CS2) to the right (‘I’) key. On the second block (20 practice 221 

trials) participants assigned positively valenced stimuli to the ‘Good’ category using the left 222 

key and negative stimuli to the ‘Bad’ category using the right key. Blocks 3 (20 trials) and 4 223 

(40 trials) involved a combined assignment of target and attribute stimuli to their respective 224 

categories. Specifically, participants categorized CS1 and ‘positive’ words using the left key 225 

and CS2 and ‘negative’ words using the right key. The fifth block (20 trials) reversed the key 226 

assignments, with CS1 now assigned to the right key and CS2 with the left key. Finally, the 227 

sixth (20 trials) and seventh blocks (40 trials) required participants to categorize CS1 with 228 

‘negative’ words and CS2 with ‘positive’ words. A similar IAT was conducted with CS3 and 229 

CS4, and the order of the two IATs, as well as the critical test blocks in each IAT, was 230 

counterbalanced across participants.  231 

Self-report measure. Stimulus ratings of the two stimuli presented close to (CS1 232 

and CS2) or far away from the USs (CS3 and CS4) were obtained using a series of Likert 233 

scales. On each trial, participants were presented with a stimulus and asked to indicate 234 

whether they considered it to be ‘Good/Bad’, ‘Pleasant/Unpleasant’, ‘Positive/Negative’ and 235 

whether ‘I like it/I don’t like it’ using a scale ranging from -5 to +5 with 0 as a neutral point.  236 

Exploratory questions. Participants were probed for CS-US contiguity memory 237 

(i.e., the extent to which they recalled the valence of the USs that CSs were paired with) and 238 

distance memory (i.e., the distance between CSs and USs). We also included a manipulation 239 

check to ensure that they did not write down the contingencies during the EC phase, along 240 

with a hypothesis awareness, distance awareness and influence, demand compliance, and a 241 

reactance question. They also completed a behavioral intention measure (as well as the Need 242 

for Cognition scale [NFC, 18] in Experiments 2-5). Note that many of these variables were 243 

included for exploratory purposes and will not be discussed further (for more see Table 2 and 244 

Supplementary Materials available at https://osf.io/hdmek/).  245 

Results 246 

Data preparation. For explicit evaluations we calculated two difference scores – 247 

one for the CSs presented close to the USs (i.e., CS1 and CS2) and another for the CSs 248 

presented far away from the USs (i.e., CS3 and CS4). Positive values indicate a preference for 249 

the CS paired with positive images over the CS paired with negative images whereas negative 250 

values indicate the opposite response pattern. Following the recommendations of [19], 251 

response latency data were prepared using the D scoring algorithm. The resulting D IAT 252 

scores reflect the difference in mean response latency between the critical blocks divided by 253 

the overall variation in those latencies. IAT scores were calculated so that positive values 254 

reflected a response bias for the CS paired with positive stimuli (CS1 or CS3) relative to the 255 

CS paired with negative stimuli (CS2 or CS4) whereas negative values indicated a reverse 256 

response pattern. According to our analytic plan, IAT data were removed for participants who 257 

(a) had error rates above 30% when considering all IAT blocks or above 40% for any one of 258 

the critical IAT test blocks, or (b) responded faster than 400ms on more than 10% of the IAT 259 

trials (n = 4). We also excluded participants if they failed to complete the entire experimental 260 

session (n = 19). Note: we retained the data of participants who met the mastery criteria on 261 



 

one of the two IATs and discarded their data if they failed to meet those criteria on both IATs. 262 

This left a final sample of 112 participants. 263 

Analytic plan. A series of paired- and one-sample t-tests were carried out to 264 

determine whether implicit and explicit evaluations (dependent variables) differed as a 265 

function of Stimulus Distance (close vs. distant).  266 

Hypothesis Testing 267 

IAT. The IAT effect for stimuli presented close together (M = 0.11, SD = 0.43) did 268 

not differ from those that were presented further apart (M = 0.08, SD = 0.43), t(101) = 0.53, p 269 

= .60, d = 0.05, 95% CI [-0.14; 0.25], BF01 = 7.97. The IAT effect for stimuli presented close 270 

together significantly differed from zero, t(106) = 2.58, p = .01, d = 0.25, 95% CI [0.06; 0.44], 271 

BF10 = 2.50, unlike the IAT score for stimuli presented at a distance, t(106) = 1.88, p = .06, d 272 

= 0.18, 95% CI [-.01; 0.37], BF01 = 1.73. 273 

Self-reported ratings. A paired-samples t-test revealed that the EC effect for the 274 

closely presented stimuli (M = 5.93, SD = 3.80) was significantly larger than that for the 275 

distantly presented stimuli (M = 3.16, SD = 5.39), t(111) = 5.11, p < .001, d = 0.48, 95% CI 276 

[0.29; 0.68], BF10 = 10039.27.  277 

Discussion 278 

In-line with our initial hypothesis and previous findings [15], we found that the 279 

magnitude of explicit (but not implicit) EC effects can be altered via an absolute distance 280 

manipulation. CSs presented physically closer to USs led to stronger EC effects compared to 281 

those that were presented further away. This is despite the fact that the CS-US contingencies 282 

were identical for closely and distantly presented stimuli. In contrast, implicit evaluations of 283 

CSs presented close to USs did not differ from those presented further away. That said, IAT 284 

effects for stimuli presented close together did reach conventional levels of significance 285 

whereas IAT effects for stimuli presented at a distance did not. These initial findings support 286 

the idea that it is not merely the fact that stimuli are paired, but how they are paired, that 287 

drives EC effects.  288 

Experiment 2 289 

 In Experiment 2 we sought to demonstrate that EC effects can be moderated via 290 

relative distance manipulations. We now exposed participants to two types of EC trials: focal 291 

stimulus pairs (presented at a medium distance) and filler stimulus pairs that were (for some 292 

participants) presented closer together or (for other participants) presented further apart than 293 

the focal pairs. We hypothesized that the first group of participants would view the focal pairs 294 

as being relatively closer to one another (and thus more related) when filler pairs were 295 

presented at a larger distance. The second group might view the focal pairs as more distant 296 

(and thus less related) when the filler pairs were presented closer together. Overall, this 297 

should lead to larger implicit and explicit evaluations of the focal stimuli in the former 298 

compared to the latter group.  299 

Method 300 



 

Participants and design. 162 participants (94 women, Mage = 33.18, SD = 7.56) 301 

completed the study on the Prolific Academic website in exchange for a monetary reward 302 

(£1.50).  303 

Procedure  304 

Experiment 2 was similar to Experiment 1 with the exception of the EC phase (see 305 

below). We also administered a single IAT measuring implicit evaluations of the focal CSs 306 

(i.e., CS1 and CS2) given that our interest was primarily in the extent to which we could 307 

change the symbolic meaning of distance for the focal (rather than filler) trials. 308 

EC. EC consisted of four blocks of twenty trials (80 trials total). Each trial 309 

simultaneously presented either CS1, CS2, CS3 or CS4 on the left and a valenced image 310 

(USs) on the right side of the screen for 1750ms. In this phase each CS was paired with one of 311 

two different images of the same valence. Crucially, there were two types of trials. During 312 

focal trials, CS1 or CS2 was always presented on-screen at a medium distance from a US (CS 313 

and US coordinates on the horizontal axis of the screen: 30% and 70%, respectively). For 314 

those in the large distance condition, filler trials involved presenting CS3 or CS4 further away 315 

from a US (CS and US coordinates on the horizontal axis of the screen: 12% and 83%, 316 

respectively). For those in the close distance filler condition, filler trials involved presenting 317 

CS3 or CS4 close together with a US (CS and US coordinates on the horizontal axis of the 318 

screen: 43% and 61%, respectively). Note that, in both distance conditions, the CS and US 319 

appeared onscreen surrounded by a large rectangle. We included this to help participants 320 

recognize the relative distance between stimuli on focal and filler trials (see Fig 2).  321 

 322 
Fig 2. Examples of filler trials from the close (top left) and distant (top right) conditions as well as a focal 323 
trial at medium distance (bottom centre) in Experiment 2.  324 
Focal CSs and USs were always presented at a medium distance. Filler CSs and USs were presented relatively 325 
closer or further away from one another than the focal pairs.  326 

 327 

 328 



 

Results 329 

Data preparation. For explicit evaluations we calculated a difference score for the 330 

focal stimuli (i.e., CS1 and CS2). An IAT score was calculated so that positive values 331 

reflected a bias for the focal CS paired with positive stimuli (e.g., CS1) over the focal CS 332 

paired with negative stimuli (e.g., CS2). Negative values indicated the reverse pattern of 333 

responding. A similar set of exclusion criteria were used as in Experiment 1. This left a final 334 

sample of 122 participants. 335 

Analytic plan. A series of t-tests were carried out to determine whether implicit and 336 

explicit evaluations of the focal stimuli (dependent variables) differed as a function of 337 

Relative Stimulus Distance (close vs. distant). Note that the same data preparation and 338 

analytic strategies were employed in all subsequent experiments.  339 

Hypothesis Testing 340 

IAT. For descriptive statistics see Table 1. Submitting focal stimulus IAT scores (for 341 

those in the close and distant filler conditions) to an independent t-test did not reveal a 342 

significant difference, t(120) = -0.008, p = 0.99, d = -0.001, 95% CI [-0.36; 0.36], BF01 = 343 

5.17. Participants in the close (M = 0.33, SD = 0.41), t(55) = 6.01, p < .001, d = 0.80, 95% CI 344 

[0.50; 1.10], BF10 > 103 and distant conditions (M = 0.33, SD = 0.47), t(65) = 5.75, p < .001, d 345 

= 0.71, 95% CI [0.44; 0.98], BF10 > 103 displayed a similar IAT score favoring the CS paired 346 

with positive over the CS paired with negative USs.  347 

Self-reported ratings. Submitting self-report ratings of the focal stimuli to a 348 

similar t-test did not reveal any difference as a function of Stimulus Distance, t(120) = -0.40, 349 

p = 0.69, d = -0.07, 95% CI [-0.43; 0.28], BF01 = 4.80. Participants showed similar and strong 350 

(focal) EC effects in the close, t(55) = 7.79, p < .001, d = 1.04, 95% CI [0.71; 1.36], BF10 > 351 

104, and distant conditions, t(65) = 10.08, p < .001, d = 1.24, 95% CI [0.92; 1.56], BF10 > 104. 352 

 353 
Table 1. Means and standard deviations for explicit and implicit evaluations of the focal stimuli in 354 
Experiments 2-5 as a function of Relative Stimulus Distance (i.e., distance of filler stimulus pairs 355 
relative to focal stimulus pairs). 356 

 Self-Reported Ratings IAT  

Filler Stimulus 

Distance 

Close Distant Close Distant 

 M    SD M    SD M    SD M    SD 

Study 2 5.32 (5.11) 5.67 (4.57) 0.33 (0.41) 0.33 (0.47) 

Study 3 5.40 (4.28) 5.33 (3.79) 0.26 (0.45) 0.31 (0.44) 

Study 4 3.87(4.55) 3.87 (3.95) 0.14 (0.46) 0.34 (0.40) 

Study 5 5.21 (4.19) 7.05 (3.17) 0.27 (0.40) 0.36 (0.42) 

 357 

 358 
 359 



 

Table 2. Descriptive statistics for the CS-US Contingency awareness, Stimulus Distance Contingency, 360 
Distance Awareness, and Influence measures in Experiments 1-5.  361 

 Study 1 Study 2 Study 3 Study 4 Study 5 

CS-US Contingency Awareness 64 (57%) 86 (71%) 88 (60.7%) 56(46%) 87 (73%) 

Stimulus Distance Contingency 64 (57%) 8 (6.6%) 92 (63.4%) 83 (68%) 64 (54%) 

Stimulus Distance Awareness 67 (60%) 56 (45.9%) 109 (75.2%) 78 (63%) 71 (60%) 

Stimulus Distance Influence  42 (38%) 24 (19.7%) 42 (29%) 48 (39%) 25 (21%) 

 362 
Participant were said to have passed the CS-US Contingency Awareness and Stimulus Distance 363 
Contingency measures if they accurately recalled all four contingencies in either case. Stimulus Distance 364 
Awareness refers to the percentage of participants who were aware that filler stimulus distance was 365 
manipulated during the EC phase whereas Stimulus Distance Influence refers to the percentage of 366 
participant who indicated that the distance information influenced their CS evaluations. 367 
 368 

Exploratory Analyses 369 

 Self-Reports. Although we were primarily interested in the impact of relative 370 

distance on focal stimulus evaluations we also examined if those same manipulations would 371 

influence evaluations of the filler stimuli.  372 

Submitting self-report ratings of the filler stimuli to an independent samples t-test did 373 

not reveal a main effect for Stimulus Distance, t(120) = -0.04, p = .97, BF01 = 5.16. 374 

Participants showed similar strong (filler) EC effects in the close (M = 5.87, SD = 4.89), t(55) 375 

= 8.98, p < .001, d = 1.20, 95% CI [0.85; 1.54], BF10 > 104, and distant conditions (M = 5.90, 376 

SD = 4.82), t(65) = 9.94, p < .001, d = 1.22, 95% CI [0.90; 1.54], BF10 > 104. A 2 (Stimulus 377 

Type; focal vs. filler) x 2 (Stimulus Distance) ANOVA revealed no main effect for Stimulus 378 

Type, F(1, 120) = 1.79, p = .18, BF01 = 3.32, or Distance,  F(1, 120) = 0.06, p = .82, BF01 = 379 

2.84, nor a significant interaction between the two, F(1, 120) = 0.30, p = .59, BF01 = 5.07.  380 

 381 

Discussion 382 

  Although we successfully induced implicit and explicit evaluations towards focal and 383 

filler CSs, we failed to find evidence that EC effects were moderated by a relative distance 384 

manipulation. Upon closer inspection it appears that most participants were not aware that the 385 

distance between CSs and USs actually differed on the filler trials. It may be that a stronger 386 

manipulation is necessary in order to increase awareness that distance is actually changing in 387 

such indirect manipulations. We explored this idea in Experiment 3.  388 

Experiment 3 389 

In Experiment 3 we sought to heighten participant’s awareness of the fact that filler 390 

and focal stimulus pairs differed in their relative distances, and in so doing, examine if this 391 

moderated focal stimulus evaluations. A similar setup was used as in Experiment 2 with three 392 

exceptions, all designed to increase awareness of the relative distance manipulation. First, the 393 

EC phase was now preceded by instructions indicating that stimuli would be paired, and that 394 

in some cases stimuli would be presented close together, whereas in others they would be 395 



 

presented far away from one another (similar to Experiment 1). Second, we presented four 396 

rectangles onscreen during each EC trial to emphasize the different location of stimuli (see 397 

Fig 3). CSs and USs appeared in two of the four rectangles, depending on whether they were 398 

either focal or filler stimuli. Third, we decided to remove the large grey rectangle as this may 399 

have undermined our previous distance manipulation.  400 

Method 401 

Participants and design. 174 participants (81 women, Mage = 32.61, SD = 8.35) 402 

took part via Prolific Academic in exchange for a monetary reward. Stimuli, experimental 403 

design, dependent variables, and exploratory questions mirrored those adopted in Experiment 404 

2. Only the EC phase differed.  405 

EC. The EC phase was now preceded by instructions indicating that: “In the next part 406 

of the study a word and an image will appear onscreen. Words will appear on the left and 407 

images on the right side of the screen. Important: certain words and images will appear close 408 

together. Others will appear far away from each other. It is important that you pay careful 409 

attention to which words and images are close together or far apart because we will ask you 410 

questions about this later on.” 411 

To further emphasize that distance varied across filler and focal trials, four rectangles 412 

were now presented during each trial. The location of these rectangles varied depending on 413 

the distance condition: in the distant condition, the four rectangles were located at the extreme 414 

and the medium left and right part of the screen, while in the close condition the rectangles 415 

were located at the medium and the inner left and right part of the screen. A CS and a US 416 

could appear in either the medium or in the extreme outer or inner rectangles, leaving the 417 

other two rectangles blank. Finally, and unlike Experiment 1, no large rectangle surrounded 418 

the stimuli onscreen (see Fig 3).  419 

 420 

 421 
Fig 3. Examples of filler trials from the close (bottom right) and distant (top right) conditions as well 422 
as their corresponding focal trials at medium distance (left panels) in Experiment 3.  423 
Focal CSs and USs were always presented at a medium distance. Filler CSs and USs were presented 424 
relatively closer or further away from one another than the focal pairs.  425 



 

 426 

Results 427 

Data preparation. A similar set of exclusion criteria were used as in Experiment 2. 428 

This left us with a final sample of 145 participants. 429 

 Hypotheses Testing 430 

IAT. Analyses did not reveal a difference in scores as a function of Stimulus 431 

Distance, t(144) = -0.71, p = 0.48, d = -0.12, 95% CI [-0.44; 0.21] , BF01 = 4.40, with 432 

participants in the close, t(68) = 4.66, p < .001, d = 0.56, 95% CI [0.31; 0.81], BF10 = 1192, 433 

and distant conditions, t(76) = 6.17, p < .001, d = 0.70, 95% CI [0.45; 0.95], BF10 > 104, both 434 

showing strong and similar IAT scores.  435 

Self-reported ratings. Submitting self-report ratings for the focal stimuli to a 436 

similar t-test did not reveal a significant difference as a function of Stimulus Distance, t(144) 437 

= 0.10, p = 0.92, d = 0.02, 95% CI [-0.31; 0.34], BF01 = 5.57. Participants showed similar and 438 

strong focal EC effects in the close, t(68) = 10.35, p < .001, d = 1.25, 95% CI [0.93; 1.56], 439 

BF10 > 104, and distant conditions, t(76) = 12.35, p < .001, d = 1.41, 95% CI [1.09; 1.72], BF10 440 

> 104. 441 

 Exploratory analyses. Submitting self-report ratings for the filler stimuli to a 442 

similar analyses as reported above did not reveal a main effect for Stimulus Distance, t(1, 443 

143) = 1.68, p = .10, BF01 =1.54. Participants showed similar filler EC effects in the close (M 444 

= 6.57, SD = 3.75), t(68) = 14.30, p < .001, d = 1.72, 95% CI [1.35; 2.09], BF10 > 104, and 445 

distant conditions (M = 5.50, SD = 3.87), t(76) = 12.48, p < .001, d = 1.42, 95% CI [1.10; 446 

1.1.74], BF10 > 104. A 2 (Stimulus Type; focal vs. filler) x 2 (Stimulus Distance) ANOVA 447 

revealed a main effect for Stimulus Type, F(1, 143) = 4.18, p = .04, η2
p  = .03, BF10 = 0.76. 448 

There was no main effect for Distance, F(1, 143) = 1.01, p = .32, BF01 = 3.11, nor a 449 

significant interaction between the two, F(1, 143) = 2.33, p = .13, BF01 = 1.92.  450 

Interestingly, when we compared EC effects for the focal stimuli (presented at a 451 

medium distance) to the filler stimuli that were presented relatively closer to one another, we 452 

did find that focal stimuli effects were smaller (M = 5.34, SD = 4.28) than those for the filler 453 

stimuli (M = 6.49, SD = 3.77), t(68) = 2.20, p = .03, d = 0.27, 95% CI [0.02; 0.51], BF10 = 454 

1.27 (note however, that the value of this Bayes Factor was sensitive to our choice of prior 455 

[Cauchy = .707] and is contingent on the available data). Yet when we compared the EC 456 

effects for the focal stimuli (at a medium distance) to the filler stimuli (at a large distance) we 457 

found no such difference, t(76) = 0.43, p = .67, BF01 = 7.29.  458 

Discussion 459 

Similar to Experiment 2, we induced strong implicit and explicit evaluations towards 460 

focal CSs, and once again failed to find evidence that these effects were moderated by relative 461 

distance manipulations. Exploratory analyses did reveal an impact of absolute distance on 462 

evaluations when considering medium focal vs. close filler stimuli: evaluations were smaller 463 

for the focal stimuli (presented at a medium distance) than for filler stimuli presented 464 

relatively closer together.  465 

 466 



 

 467 

Experiment 4 468 

The relative distance manipulations used in Experiments 2-3 required participants to 469 

discern the relative distance between focal and filler CS-US pairs by comparing one type of 470 

trial (filler) to another (focal) (i.e., engage in a cross trial-type comparison). In Experiment 4 471 

we sought to make this comparison even easier by making distance changes as salient as 472 

possible. Specifically, we now used movement during the filler trials to convey that the 473 

distance between CSs and USs was increasing or decreasing, and a lack of movement on the 474 

focal trials to signal that no such distance change was taking place (similar to Experiment 1). 475 

This time every stimulus started from the same position. Whereas the focal CSs never moved 476 

and simply remained static for the duration of the trial, the filler CSs either moved closer 477 

together (close condition) or further apart (distant condition). In this way we hoped to 478 

increase the probability that people would incorporate distance information when 479 

subsequently making a CS evaluation. Once again, our reasoning was that focal CSs should 480 

be evaluated more positively or negatively than the filler CSs in the distant condition (given 481 

that - in comparison - the focal stimuli are physically closer to each other) and less positively 482 

or negatively than the filler CSs in the close condition (given that – in comparison - the focal 483 

stimuli are physically more distant to one another). 484 

Method 485 

Participants and design. 139 participants (94 women, Mage = 32.05, SD = 7.83) 486 

took part via Prolific Academic for a monetary reward. Stimuli, experimental design, 487 

dependent variables, and exploratory questions mirrored Experiments 2-3. Only the EC phase 488 

differed. 489 

EC. The following instructions were provided: “In the next part of the study a word 490 

and an image will appear onscreen. Words will appear on the left and images on the right side 491 

of the screen. Important: some pairs will remain far apart whereas other pairs will move close 492 

together. It is important that you pay careful attention to which words and images remain far 493 

apart [close together] or move close to [far away from] each other. We will ask you questions 494 

about this at the end of the study”. 495 

The EC procedure consisted of three blocks of twenty-four trials. Trial duration was 496 

fixed across each type of trial (focal and filler), and increased (4000ms) to give participants 497 

enough time to process the movement of the stimuli onscreen in the filler trials. Each trial 498 

simultaneously presented either CS1, CS2, CS3 or CS4 on the left and valenced images (USs) 499 

on the right for 1750ms. On focal trials, CS1 or CS2 remained at a medium distance from the 500 

US (stimulus coordinates on the horizontal axis were 30% and 70%, respectively). During the 501 

distant filler trials, CS3 or CS4 also began at the medium distance. After 1750ms they moved 502 

along a horizontal axis in the opposite direction to the US (stimulus coordinates on the 503 

horizontal axis at trial termination: 16% and 84%, respectively). During close filler trials, the 504 

CS was initially located at the same (medium) distance as the focal stimuli. After 1750ms the 505 

CS and US moved towards each other (stimulus coordinates on the horizontal axis at trial 506 

termination: 44% and 56%, respectively) (see Fig 4). 507 

 508 



 

 509 
Fig 4. Examples of filler trials from the distant (top right) and close (bottom right) conditions as well 510 
as the corresponding starting positions of those trials (top and bottom left panels) in Experiment 4.  511 
Focal CSs and USs were always presented at a medium distance. Filler CSs and USs were presented 512 
relatively closer or further away from one another than the focal pairs.  513 

Results 514 

Data preparation. Participants who did not complete the entire session or who 515 

failed to meet the IAT criteria were excluded from analyses (n = 16). This left a final sample 516 

of 123 participants. 517 

IAT. Analyses revealed a difference in scores as a function of Stimulus Distance, 518 

t(122) = -2.57, p = 0.01, d = -0.47, 95% CI [-0.82; -0.11], BF10 = 3.67. IAT scores for the 519 

focal stimuli were smaller when the filler stimuli were relatively closer and the focal stimuli 520 

relatively further away from one another, (M = 0.14, SD = 0.46), t(65) = 2.44, p = .02, d = 521 

0.30, 95% CI [0.05; 0.55], BF10 = 2.13. Those same scores were larger whenever the filler 522 

stimuli were relatively further away and the focal stimuli closer together, (M = 0.34, SD = 523 

0.40), t(56) = 6.42, p < .001, d = 0.85, 95% CI [0.54; 1.15] , BF10 > 104. 524 

Self-reported ratings. Analyses did not reveal a difference in focal stimulus 525 

ratings as a function of Stimulus Distance, t(122) = -0.01, p = 0.99, d = -0.001, 95% CI [-0.36; 526 

0.35], BF01 = 5.19. Participants showed similar and strong (focal) EC effects in the close, 527 

t(65) = 6.91, p < .001, d = 0.85, 95% CI [0.57; 1.13], BF10 > 104, and distant conditions, t(56) 528 

= 7.41, p < .001, d = 0.98, 95% CI [0.66; 1.30] , BF10 = 104.  529 

Exploratory analyses Submitting filler stimulus ratings to a similar set of 530 

analyses did not reveal a main effect of Stimulus Distance, t(121) = 1.82, p = 0.07, BF01 = 531 

1.17 (note however, that the value of this Bayes Factor was sensitive to our choice of prior 532 

[Cauchy = .707] and is contingent on the available data). A 2 (Stimulus Type) x 2 (Stimulus 533 

Distance) ANOVA revealed a main effect for Stimulus Type, F(1, 121) = 9.60, p = .002, η2
p = 534 

.07, 95% CI [0.01; 0.17], BF10 = 15.39, such that EC effects were larger for the filler 535 

compared to the focal stimuli. No such main effect was found for Stimulus Distance, F(1, 536 

121) = 1.15, p = 0.29, BF01 =  2.76. Marginally significant evidence also emerged for a two-537 



 

way interaction between Stimulus Type and Distance, F(1, 121) = 3.28, p = .07, η2
p = .03, 538 

95% CI [0.00; 0.10], BF10 = 0.83. Similar to Experiments 2-3, when we compared EC effects 539 

of the focal stimuli (presented at a medium distance) to the filler stimuli that were presented 540 

relatively closer to one another, we found that focal stimulus effects were smaller (M = 3.87, 541 

SD = 4.55) than the filler stimuli (M = 5.84, SD = 4.21), t(65) = 3.59, p = .001, d = 0.44, 95% 542 

CI [0.19; 0.69], BF10 = 38.70. When we compared the EC effects for the focal stimuli to the 543 

filler stimuli that were presented relatively further apart, no such difference emerged, t(56) = 544 

0.88, p = .38, BF01 = 4.77.  545 

Discussion 546 

Experiment 4 provided evidence that implicit EC effects can be moderated by relative 547 

distance manipulations. Changing the EC phase so that filler stimuli now moved closer or 548 

further away from one another had an impact on implicit evaluations of the focal stimuli. 549 

Specifically, IAT scores for the focal stimuli were stronger whenever the filler stimuli moved 550 

further away from each other (and focal stimuli remained closer together) than when they 551 

moved close together (and focal stimuli remained far apart). Yet we did not find an impact of 552 

relative distance on explicit EC effects. Similar to Experiments 2-3, exploratory analyses 553 

revealed evidence for an absolute distance effect, such that stronger EC effects emerged for 554 

filler CSs that were relatively closer to USs than focal CSs at a medium distance from the US. 555 

Experiment 5 556 

Upon reflection, the EC phase in Experiments 2-4 confronted participants with two 557 

pieces of information: that the CSs and USs were presented contiguously with one another, 558 

and that the relative distance between pairs of stimuli could vary. Although instructions 559 

highlighted that distance (and not just mere contiguity) was task relevant, the EC phase itself 560 

did not require individuals to process the relative distance between stimulus pairs at any 561 

point. Indeed, it seems that many participants simply focused on contiguity and ignored 562 

distance: in Experiments 2-4 participants registered the contiguity between the CS and US and 563 

only sometimes noticed that pairs of stimuli could differ in their relative distance from one 564 

another. Thus it may be that relative distance is more likely to moderate EC effects when such 565 

information is provided prior to contiguity information than after it.  566 

Towards this end we altered the EC phase so that (similar to Experiment 1) two grey 567 

rectangles initially appeared onscreen. During the focal trials these rectangles did not move. 568 

During filler trials they either moved closer or further apart. After a period, the grey 569 

rectangles disappeared and the CS and US took their place. In this way we hoped participants 570 

would initially process the distance information and only afterwards consider that valenced 571 

and non-valenced stimuli were presented in contiguity with one another.  572 

Method 573 

Participants and design. 137 participants (84 women, Mage = 33.94, SD = 8.63) 574 

completed the study via Prolific Academic in exchange for a monetary reward.  575 

EC. The following instructions were provided: “In the next part of the study you are 576 

going to learn about four new words: Morag, Ailbe, Struan, Cacht. You have probably never 577 

encountered these words before. These words will appear individually onscreen together with 578 



 

some images. We are going to initially hide the word and image behind two grey rectangles. 579 

Later on we will reveal what was behind the two rectangles. Important: some of the words and 580 

images are going to remain far apart from [close together to] one another. Others will move 581 

closer together to [far away from] each other. It is important that you pay attention to the 582 

words and images that remain far apart [close together] or move closer together to [far away 583 

from] each other. We will ask you questions about this at the end of the study”. 584 

The EC procedure was identical to that implemented in Experiment 4 with the 585 

following exceptions. All trials now started with the CS and the US covered by two grey 586 

rectangles for 2200ms. Thereafter the grey rectangles disappeared and the CS appeared from 587 

behind one and a valenced image (US) appeared from behind the other. These stimuli 588 

remained onscreen together for another 1750ms. Thereafter all stimuli disappeared and the 589 

next trial began (see Fig 5). 590 

 591 

 592 
Fig 5. Examples of filler trials from the close (top panels) and distant (bottom panels) conditions as 593 
well as the corresponding starting positions of those trials (far left panels) in Experiment 5.  594 
Focal CSs and USs were always presented at a medium distance. Filler CSs and USs were presented 595 
relatively closer or further away from one another than the focal pairs.  596 

  597 

Results 598 

Data preparation. Application of the exclusion criteria led to the removal of 599 

eighteen individuals and a final sample of 119 participants. 600 

Hypothesis Testing 601 

IAT. Analyses did not reveal a difference in scores as a function of Stimulus 602 

Distance, t(117) = -1.25, p = 0.22, d = -0.23, 95% CI [-0.59, 0.13], BF01 = 2.54, with 603 

participants in the close, t(55) = 4.99, p < .001, d = 0.67, 95% CI [0.37; 0.95], BF10 > 103, and 604 

distant filler conditions, t(62) = 6.74, p < .001, d = 0.85, 95% CI [0.56; 1.14], BF10 > 104, both 605 

showing strong and similar IAT scores. 606 



 

Self-reported ratings. Analyses on focal stimulus ratings revealed a main effect 607 

of Stimulus Distance, t(117) = -2.72, p = 0.007, d = -0.50, 95% CI [-0.87; -0.13], BF10 = 5.23. 608 

Stronger EC effects for the focal stimuli emerged whenever those stimuli were relatively 609 

closer together than the filler stimuli, t(62) = 17.67, p < .001, d = 2.23, 95% CI [1.76; 2.69], 610 

BF10 > 104, and smaller when the focal stimuli were relatively further apart than the filler 611 

stimuli, t(55) = 9.29, p < .001, d = 1.24, 95% CI [0.89; 1.59], BF10 > 104.  612 

Exploratory analyses. Submitting the filler stimuli to similar analyses as reported 613 

above revealed no main effect of Stimulus Distance, t(117) = 1.46, p = .15, BF01 = 1.97. A 2 614 

(Stimulus Type) x 2 (Stimulus Distance) ANOVA revealed no main effect for Stimulus Type, 615 

F(1, 117) = 1.14, p = .29, BF01 =5.16, or Stimulus Distance, F(1, 117) = 0.31, p = .58, BF01 = 616 

4.75. However, a two-way interaction between Stimulus Type and Distance did emerge, F(1, 617 

117) = 12.05, p = .001, η2
partial = .09, 95% CI [0.02; 0.20], BF10 = 42.80. Similar to 618 

Experiments 2-4, when we compared EC effects of the focal stimuli (presented at a medium 619 

distance) to the filler stimuli that were presented relatively closer to one another, we found 620 

that focal stimulus effects were smaller (M = 5.21, SD = 4.19) than the filler stimuli (M = 621 

7.18, SD = 3.21), t(55) = 3.83, p < .001, d = 0.51, 95% CI [0.23; 0.79], BF10 = 75.14. When 622 

we compared the EC effects for the focal stimuli, (M = 7.05, SD = 3.17) to the filler stimuli 623 

that were presented relatively further apart (M = 6.00, SD = 5.21), no such difference 624 

emerged, t(62) = 1.54, p = .13, BF01 = 2.38.  625 

Discussion 626 

Altering the EC phase so that participants now had to process relative distance prior to 627 

contiguity moderated explicit (but not implicit) evaluations. Specifically, focal stimulus 628 

ratings were stronger whenever the filler stimuli moved further away from each other (and 629 

focal stimuli remained closer together) than when they moved closer together (and focal 630 

stimuli remained far apart). Exploratory analyses once again revealed evidence for an absolute 631 

distance effect such that filler CSs closer to USs were evaluated more strongly than focal CSs 632 

at a medium distance from USs. 633 

Meta-analysis of Experiments 2-5. In order to provide a more robust estimate 634 

as to whether EC effects are moderated by relative distance manipulations, we conducted a 635 

mini meta-analysis based on the data from Experiments 2-5 following the practice proposed 636 

by Goh, Hall, and Rosenthal (2016). Experiment 1 was excluded from this analysis given that 637 

it involved a within- rather than between-subjects design that was not directly comparable to 638 

the other experiments. Meta-analyses revealed that across studies relative distance did not 639 

influence explicit focal stimulus ratings as illustrated by a mean weighted effect size of d = -640 

0.13, Z = -1.41, p = 0.16. A Bayesian one-way ANOVA with Stimulus Distance as a fixed 641 

factor (and study ID as a random factor) further supported this conclusion, such that focal 642 

ratings in the close (M = 4.93, SD = 4.55) and distant filler trials (M = 5.51, SD = 4.03) were 643 

not found to differ from one another across studies, BF01 = 3.99. In contrast, relative distance 644 

appears to have influenced implicit evaluations towards the focal stimuli, d = -0.20, Z = -2.24, 645 

p = .03. However, a similar Bayesian one-way ANOVA as reported above suggests that only 646 

anecdotal evidence emerged supporting the idea that IAT scores differed across studies in the 647 

close (M = 0.24, SD = 0.44) and distant filler conditions (M = 0.33, SD = 0.43), BF10 = 1.09. 648 

 649 



 

General Discussion 650 

We recently proposed a new symbolic perspective on EC that draws on the following 651 

ideas: that (a) pairings constitute a relational contextual cue in the environment, (b) humans 652 

treat this cue as a symbol indicating that the CS and US are related in a certain way, and (c) it 653 

is the symbolic relationship between stimuli – established by pairings – which determines the 654 

subsequent change in liking. An idea which follows from this perspective is that if one were 655 

to manipulate the properties of pairings then this could influence how much pairings function 656 

as a symbolic cue - and as a result - influence resulting changes in liking. A core property of 657 

pairings is the physical distance between stimuli, and the meaning of distance can potentially 658 

be manipulated in two ways. The first (absolute distance manipulations) is simple and direct: 659 

it involves just two stimuli that differ in how close or far away they are from one another. The 660 

second (relative distance manipulations) is more complex and indirect. It involved two types 661 

of trials: focal trials (in which a CS and US were always presented at a medium distance) and 662 

filler trials (in which other CSs and USs were presented closer together or further apart). 663 

Presenting filler stimuli far away from one another meant that focal stimuli were - by 664 

comparison - relatively closer together (and thus could be seen as more similar to one 665 

another). Presenting filler stimuli close together meant that the focal stimuli were - by 666 

comparison - relatively further apart (and thus might be seen as less similar to one another). If 667 

so, then we should observe larger EC effects in the former compared to latter scenario.  668 

In Experiments 1-5 we obtained repeated and strong evidence for an impact of 669 

stimulus pairings on implicit and explicit evaluations of the focal stimuli (i.e., we always 670 

observed EC effects). We also obtained evidence that those same effects could be moderated 671 

by distance manipulations, but only for one type (absolute) and less so for another (relative). 672 

Manipulating the absolute distance between two stimuli influenced explicit evaluations, such 673 

that EC effects were larger whenever CSs and USs were physically closer than far apart. We 674 

obtained these effects in four of our five studies, suggesting that people can and do evaluate 675 

CSs differently depending on their absolute distance from the US. Note that one of our 676 

experiments also tested for the impact of absolute distance on implicit evaluations 677 

(Experiment 1). Although IAT effects for the close and distant conditions did not significantly 678 

differ from one another, only those for the closely presented stimuli (and not the distantly 679 

presented stimuli) differed from zero. 680 

In contrast, manipulating distance in a relative fashion was largely ineffective. In 681 

Experiment 3, for instance, a relative distance manipulation moderated implicit evaluations 682 

(i.e., IAT effects were stronger when focal were closer together and smaller whenever they 683 

were further apart than filler pairings). Yet these effects were only obtained in one of our five 684 

studies: in all other cases relative distance failed to impact IAT scores. Likewise, in 685 

Experiment 5, we found that relative distance moderated explicit evaluations (i.e., stronger 686 

EC effects when focal pairs were relatively closer together and smaller when they were 687 

further apart than filler pairs). Yet, once again, this effect only emerged in one of our five 688 

studies, limiting the conclusions that can be drawn. This was further reinforced by our meta-689 

analysis of Experiments 2-5 where relative distance was not found to moderate EC effects. 690 

Theoretical Implications 691 



 

Non-symbolic perspectives. One could interpret our findings in several ways. 692 

Consider a non-symbolic account of EC. This account would argue that pairings do not 693 

function as a symbolic cue and are a mere proximal cause of changes in liking. Our inability 694 

to moderate EC effects via relative distance manipulations in Experiments 2-5 could be seen 695 

as support for such a perspective. Likewise, findings from the non-human learning literature 696 

(with organisms that likely lack the ability to learn symbolically) suggest that classical 697 

conditioning effects can be moderated by the absolute distance between a CS and US (e.g., 698 

[24], [25]). Thus it may be that even the absolute distance effects observed here were non-699 

symbolic in nature. Although such an account of EC is certainly plausible it is not without its 700 

problems. It rests on the assumption that pairings always function as a mere proximal cause of 701 

liking and never as a symbolic cue. Yet recent work indicates that the meaning of pairings can 702 

be altered via instructions, relational qualifiers, priming, online judgements, and contextual 703 

manipulations (e.g., [8, 10, 11, 12, 13, 14). Thus a non-symbolic account of EC can 704 

accommodate our findings but not the wider trend of evidence elsewhere in the literature.   705 

Symbolic perspectives. The failure to find an impact of relative distance on EC 706 

effects is inconsistent with the symbolic account we forwarded in the introduction. We 707 

assumed that one way of manipulating the meaning of pairings (relative distance) would be 708 

similar to others used in the literature (verbal information). This was clearly not the case. 709 

Thus the question becomes: why did absolute distance manipulations have an impact on EC 710 

effects whereas relative manipulations did not? The symbolic account could accommodate 711 

these findings in two ways. The first (a strong symbolic account) would argue that pairings 712 

are always a symbolic cue [for organisms with the ability to learn symbolically] and that 713 

relative distance was simply too weak a way of changing the meaning of that cue). In other 714 

words, spatiotemporal contiguity may already be a powerful relational cue for similarity, and 715 

to manipulate the meaning of that cue, one has to operate on it directly (change the absolute 716 

distance between two stimuli) rather than indirectly (change the relative distance between 717 

different pairs of stimuli and hope that participants recognise such a difference). This 718 

assumption could be reconciled with our results: despite repeatedly telling people that relative 719 

distance was an important cue to pay attention to, and physically moving those stimuli 720 

onscreen, many people simply disregarded this information, attended to the contiguity 721 

between stimuli, and relied on that mere contiguity when forming their evaluations. It also 722 

places a boundary condition on a strong symbolic account by showing that certain 723 

interventions (e.g., verbal information) are better able to change the meaning of a symbolic 724 

cue than others (relative distance). An alternative (weak symbolic account) is that pairings are 725 

initially a mere cause of changes in liking but the addition of new information (e.g., about 726 

distance) can transform it into a symbolic cue. This would explain moderation by absolute 727 

distance and the absence of that moderation by relative distance (if one assumes that absolute 728 

distance is a stronger method of changing the meaning of pairings than relative distance). 729 

Either way, the current findings are often inconsistent with the symbolic account we 730 

forwarded in the introduction and place constraints on that account going forward.   731 

Alternative perspectives. The current findings are also compatible with other 732 

theoretical perspectives. Take the implicit misattribution model [15] which argues that EC 733 

effects result from the tendency for people to mistakenly (and unknowingly) attribute the 734 

valence evoked by the US to the (simultaneously presented) CS, thus leading to a change in 735 

how the CS is subsequently evaluated. The authors argue that misattribution is more likely to 736 



 

occur as ‘source confusion’ increases (i.e., as people confuse the multiple, contiguous 737 

elements in the environment that influence the likelihood that an evaluation of the US is 738 

misattributed to the CS). One variable argued to increase source confusion is the distance 739 

between stimuli. Presenting stimuli closely together is argued to increase the likelihood that 740 

they are processed in close temporal contiguity (thereby ensuring that CS and US 741 

representations are activated simultaneously). Conversely, presenting stimuli at a distance 742 

increases the likelihood that people detect the true source of valence compared to when they 743 

closely overlap. Consistent our results, Jones et al. (2009; Experiment 3) observed stronger 744 

EC effects when stimuli were presented close together compared to when they were presented 745 

further away. Thus the current absolute distance findings are (at the mental level of analysis) 746 

in-line with an implicit attribution account (insofar as the moderating impact of distance on 747 

EC effects was due to an absolute distance difference in Experiments 1 and 3-5).  748 

Limitations and Future Directions 749 

The current work is subject to several limitations and also opens up new directions in 750 

this research area. One obvious limitation was the ineffective impact of relative distance on 751 

EC effects. Despite our best efforts, the relative distance manipulations used here may simply 752 

have been too indirect to overcome the impact of mere contiguity on liking. Future work 753 

could increase the salience of such manipulations. For instance, imagine a scenario where two 754 

computer screens are linked together, and that in the distant condition the filler CS and US are 755 

on the opposite sides of the two screens, whereas in the close condition they are side-by-side. 756 

This may lead to even greater differences in focal stimulus evaluations than reported here. 757 

Second, it may be that people have to process distance prior to contiguity if the former is to 758 

overcome the latter’s impact on liking. Indeed, we found an impact of absolute and relative 759 

distance on explicit evaluations under such conditions (i.e., in Experiments 1 and 5) and no 760 

such impact when people could process contiguity before distance (as in Experiments 2-4). If 761 

anything, the processing of distance was secondary and optional in those latter experiments. 762 

Future work could carry out the aforementioned (multi-screen) study with the same task as 763 

used in Experiments 1 and 5. 764 

The current work also focused on the spatial distance between stimuli. Others could 765 

examine if the symbolic meaning of pairings can be changed in other ways. For instance, one 766 

could examine if modifying the temporal distance between stimuli has an impact on liking 767 

(e.g., if EC effects are influenced by the timing or order of stimulus presentations). Previous 768 

work has attempted this and produced mixed findings in this regard. [20] found stronger EC 769 

effects when stimuli were presented in a simultaneous (compared to sequential) manner 770 

whereas [15] found that individuals who processed the CS and US in close (compared to 771 

distant) temporal contiguity were more likely to show EC effects. Yet others have found no 772 

advantage for simultaneous over sequential presentations (e.g., [21, 22]). The same goes for 773 

stimulus ordering: both forward and backward conditioning often produce similar effects 774 

(e.g., [23]). Thus it may be that even here subtle attempts to shift EC effects are difficult to 775 

achieve once participants construe that a CS has been ‘paired’ with a US. Finally, future work 776 

could utilize alternative measures of implicit evaluations other than the IAT in order to test 777 

the robustness and generalizability of our findings at the implicit level.  778 

 779 



 

Conclusion 780 

Our results lend support to the idea that EC effects can be moderated by manipulating 781 

one property of pairings (distance), but only when those manipulations are simple and direct 782 

(absolute distance) and less so when they are more complex and indirect (relative distance).  783 

 784 
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