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Abstract 

Appetitive and aversive stimuli are typically distinguished by their capacities to trigger 

approach- and avoidance-related action tendencies. The present study investigated whether 

approaching and avoiding stimuli creates episodic memory traces that are automatically retrieved 

when the stimulus is encountered again. Using a sequential distractor-to-distractor repetition 

paradigm, we hypothesized that distractor repetition from prime to probe trials will facilitate 

approach/avoidance to the probe target if the response is also repeated from prime to probe but 

will impede responding to the probe target if the response has changed. Results of four 

experiments (total N = 403) were in line with the hypothesized episodic binding and retrieval 

effect. A stimulus-cued retrieval of the previous approach and avoidance response was even 

obtained with different response sets and with perceptually different approach- and avoidance-

related action effects in prime and probe trials. It is concluded that approach and avoidance 

action goals become linked to stimuli in an episodic memory trace and are automatically 

retrieved from memory when the stimulus is encountered again, which makes these stimuli 

appetitive and aversive. 

 

Keywords: approach-avoidance motivation, stimulus-response binding, episodic memory;  
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Binding of Approach-Avoidance Goals to Stimuli 

Human motivation, as well as that of lower organisms, is characterized by two basic 

orientations: The first (approach) orientation attunes the individual towards the attainment of 

rewards, incentives, and consummation. The second (avoidance) orientation guides the 

individual away from punishment, threat, and risks (Elliot et al., 2013). In the terminology of 

behaviorists, stimuli that motivate approach are termed "appetitive," while those that motivate 

avoidance are labelled "aversive" (Konorski, 1967). The underlying idea is that appetitive and 

aversive stimuli acquired this capacity because the orienting function served important survival 

needs of the organism (Kenrick & Shiota, 2008). In order for human behavior to be adaptive, 

however, these directional actions need to be adjusted based on the specific circumstances, 

which necessitates the acquisition of knowledge through learning. Traditionally, research has 

examined these learning processes through conditioning procedures, where stimuli become 

signals for appetition or avoidance after consistent pairings. Numerous behavioral and 

neuroscientific studies have shown that conditioned stimuli can become potent triggers for 

approach and avoidance action due to learned relations to motivationally significant outcomes 

and events (Dickinson & Balleine, 2002).  

The present study investigated another memory process by which stimuli could become 

appetitive and aversive in the functional sense that they generate an action readiness to approach 

or avoid. The starting point for our examination are models that claim an automatization of 

behavior based on episodic memory (Frings et al., 2020; Hommel, 2022; Logan, 1988; Schmidt 

et al., 2016). According to Logan’s instance theory of automatization, each experience with a 

task lays down a separate memory episode (or instance representation) that is retrieved when the 

task (or any element of the instance) repeats itself. The number of instances in memory grows 
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with the number of practice trials, building up a task-relevant knowledge base. Logan argued that 

performance can be automatic (i.e., fast and effortless) when it is based on retrieval of past 

instances, because the past solution to task-relevant problems is simply reused without requiring 

additional computational steps.  

Modern elaborations of this idea refined assumptions about the episodic representation 

and research showed that automatization could occur even after single exposures to an event. 

According to Hommel (2004), features of perceived stimuli, the task context, and the responses 

afforded by the task become integrated in cognitive structures called event files through binding 

processes that link information about relevant stimulus and response aspects of the experienced 

episode. Event files are temporarily stored in episodic memory and the episode is automatically 

retrieved from memory if the stimulus or the response is used again. Retrieval of the previous 

response to the old stimulus will then facilitate responding to that stimulus (reflected in faster 

and/or more accurate performance) if the same response is required, whereas it will interfere 

with responding (reflected in slower and/or less accurate performance) when a different response 

is required. This hypothesis was tested in studies with sequences of speeded reaction time trials 

in which stimulus repetitions were orthogonally varied to response repetitions from one trial (the 

prime trial) to the next trial (the probe trial). For example, Frings and colleagues (2007) used a 

sequential prime-probe paradigm in which a distractor item (a meaningless letter string) was 

repeated from prime to probe. Task instructions were to respond to the color of the letter string as 

quickly and as accurately as possible with presses of designated response keys. Because the color 

could be repeated or change independently of the stimulus item (the letter string), stimuli and 

responses could be varied orthogonally from prime to probe. Results showed an interaction effect 

between stimulus and response relation: Repeating the letter string improved performance when 
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the required response was also repeated but worsened it when the required response changed. 

Conversely, a changed letter string enhanced performance when the response also changed, as 

opposed to when the response was repeated. This interaction effect supports the hypothesis that a 

temporary memory structure (event file) was created after the prime trial that linked the executed 

response to the letter string. The event file was retrieved when the letter string appeared again in 

the next trial, facilitating (same keypress) or hindering responding (different keypress) depending 

on whether the retrieved response was also appropriate in the given trial. Due to the orthogonal 

variation of stimulus and response relation from prime to probe, and the irrelevance of the letter 

string for solving the color categorization task, intentional exploitation of the relation between 

stimuli and responses was not useful. Therefore, it is plausible that the binding process leading to 

the creation of an event file, as well as the cued retrieval process, were not intended and 

automatic (see also Giesen & Rothermund, 2015; Hommel, 1998). 

Additional research examined the conditions that are necessary and sufficient for a 

binding between stimulus and response and/or retrieval of the episode (for reviews see Frings et 

al., 2020; Henson et al., 2014; Hommel, 2022). It turned out that selective attention to the feature 

is not necessary for its integration into an episode, but that task relevance modulates the retrieval 

of the episode from memory (e.g., Hommel, 2005; Moeller & Frings, 2014; Singh et al., 2018). 

Studies also showed that sensory effects that are contingent on the response (i.e., action effects) 

are integrated into the episode as well (e.g., Moeller et al., 2019). In addition to concrete 

perceptual and response features (color, location, amplitude, etc.), abstract concepts (Singh et al., 

2019), judgmental decisions (Nett et al., 2016), emotions (Coll & Grandjean, 2016), and even 

control states (Dignath et al., 2019) could be integrated into memory episodes. Collectively, this 

body of research suggests that the binding of stimuli, responses, and action effects is rather 
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nonselective and general, and that retrieval of the episode from memory can be triggered by the 

repetition of any feature included in the event file.  

The Present Research 

The present study examined an episodic binding between stimuli and approach- versus 

avoidance-related actions. Generalizing the binding principle to the motivational domain of 

approach and avoidance is important for several reasons. First and foremost, episodic binding 

and retrieval of previous motivational reactions to specific stimuli could explain how wanting of 

a specific stimulus emerges and changes. If motivational responses (approach, avoidance) are 

integrated into stimulus-response (S-R) episodes, then retrieval of the episodic memory trace 

should generate an action tendency to approach and avoid via reactivation of the integrated 

motivational response. Hence, episodic binding and retrieval processes can provide a simple 

cognitive model for the micro-genesis of action dispositions to approach or avoid, and how these 

action dispositions will change after updating of episodic memories. Secondly, a binding of 

approach and avoidance-related goals to stimuli would imply that stimuli could become 

associated with relatively broad motivational orientations in episodic memory. Retrieval of these 

bindings between stimuli and approach-avoidance goals could then generate a readiness to 

approach and avoid even without exact repetition of the previous motoric action, in line with the 

concept of equifinality in goal-directed behavior. Thirdly, the hypothesis of bindings between 

stimuli and motivational orientations posits that, next to perceptual and response-related features, 

motivational features could also become part of episodic memory traces. The extension of 

binding processes to the approach/avoidance domain would support theoretical claims that 

feature binding is general and non-selective (Frings et al., 2020; Hommel, 2022). 
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Before delving into the specifics of our study, it is imperative to establish conceptual 

clarity regarding the approach/avoidance distinction and the concept of approach-avoidance 

goals. In accordance with the definition proposed by Elliot and Fryer (2008), we posit that “a 

goal is a cognitive representation of a future object that the organism is committed to approach or 

avoid” (p. 244). According to this definition, approach and avoidance is a basic distinction that is 

applicable to all forms of goals. In line with Lewin’s (1936) framework of action motivation, 

approach has the function “to move toward or maintain a positively valenced object,” whereas 

avoidance entails “to move or stay away from a negatively valenced object.” Inherent in this goal 

definition is hence the motivation to either decrease (in the case of approach) or increase (in 

avoidance) the proximity to the goal object. This object refers to a future entity, which is a 

cognitive representation of something achievable in the future. In the context of our analysis, we 

identify this 'something' as perceptual changes achievable by interacting with the environment 

(for more details about this assumption, see Eder, 2023). This conceptualization underscores that 

behavior directed by approach and avoidance goals aims at producing desired perceptions while 

averting unwanted ones (Eder & Hommel, 2013).  

In line with this goal conceptualization, we created proxies for approach and avoidance 

goals by instructing participants to manipulate the proximity to target objects within a three-

dimensional (3D) environment. Specifically, target stimuli were presented within a 3D grid 

tunnel. Pressing one response key caused the stimulus to zoom in, creating the visual illusion of 

approach, while pressing the other key zoomed the stimulus away, generating the impression of 

retreat (for a video demonstration, see the supplement). Participants were explicitly instructed to 

approach (i.e., zoom in) and avoid (i.e., zoom out) these stimuli (Eder & Rothermund, 2008); 

thus, the motivation to produce these visual effects was induced by the task. However, drawing 
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from Lewin’s (1926) conceptualization of intentions as quasi-needs, one can hypothesize 

analogous preparatory processes when the motivation to generate a specific action effect is 

created endogenously (i.e., by an individual’s own needs and concerns). Indeed, many studies 

have demonstrated faster reaction times when positive stimuli were zoomed toward and negative 

stimuli were zoomed away, as opposed to the reverse. For example, people with spider phobia 

reacted more quickly to spider pictures when the spider image moved away from rather than 

towards them (Rinck & Becker, 2007). Research additionally showed that the motivational 

consequence of the zoom effect is independent from muscular activities associated with the 

generating movement, such as flexion and extension of the arm (see e.g., Bamford & Ward, 

2008; Seibt et al., 2008). In short, research showed that simple actions, such as keypressing, can 

temporarily become linked to approach-avoidance goals operationalized as zooming in and out 

(van Dantzig et al., 2008). 

We conducted a total of four experiments (total N = 403) that investigated episodic 

binding and retrieval of approach- and avoidance-related action goals using a sequential 

distractor-to-distractor repetition paradigm (Frings et al., 2007). Participants responded to the 

color of nonsense words with a keypress that either zoomed the word towards or away. The word 

itself was irrelevant to the task at hand (i.e., a distractor) and could repeat or change from the 

prime trial to the probe trial. In addition, word color could vary from prime to probe, causing 

repetition or change of the approach/avoidance response. If the approach/avoidance reaction is 

bound to the stimulus in the prime trial, distractor repetition from prime to probe should facilitate 

approach/avoidance of the probe target if the motivational response is also repeated from prime 

to probe. In contrast, distractor repetition should impede responding to the probe target if the 

motivational response (approach/avoidance) has changed from prime to probe. In this case, a 
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conflicting response is automatically retrieved by the repeated stimulus in the probe, slowing 

down action selection. Statistically, this stimulus-response binding and retrieval (SRBR) effect is 

indicated by a 2𝑥2 interaction between distractor relation (repetition vs change) and response 

relation (repetition vs change) in the reaction times to the probe. 

So far, only one prior study examined binding and retrieval effects between stimuli and 

responses effecting movements towards and away from a target object (Giesen & Rothermund, 

2016). In this study, participants were instructed to move words appearing at the screen center 

either towards or away from a small manikin presented on the lower or upper screen borders by 

pushing and pulling a joystick lever. Participants responded to the color of the word, while the 

word meaning was irrelevant. Due to the varying position of the manikin at the upper and lower 

screen borders, pulling (pushing) the lever moved the word towards (away from) the manikin at 

the lower screen border, whereas it moved the word away from (towards) the manikin located at 

the upper screen position. The experimental dissociation of the lever movement from the 

generated word motion for the independent examination of binding effects between stimuli and 

(a) the motoric (lever pull/push) level as well as (b) the semantic meaning of the word’s 

movement (toward and away from the manikin). Results demonstrated a large binding effect 

between stimuli and the semantic response representation, and a small binding effect between 

stimuli and the motoric (pushing and pulling) lever movement. However, a problem associated 

with the interpretation of this study is that the frame of reference for the approach-avoidance 

movement was ambiguous. Because task instruction was to move stimuli towards or away from 

the manikin positioned at the screen border, the movement task could have been construed by the 

participant as a word movement in upward and downward directions on the screen without 

referential coding as approaching or avoiding the manikin. In fact, Eder and Rothermund (2008) 
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demonstrated in a series of experiments that pulling and pushing a joystick lever could easily be 

recoded as movements in upward and downwards directions. Similar recoding effects were 

observed in manikin tasks in which participants were tasked with moving a manikin to the upper 

or lower border of the screen (Krieglmeyer et al., 2010). Hence, the interpretation of the word 

movement in the study of Giesen and Rothermund was, at the very least, ambiguous.1 

For the present research, we therefore used unambiguous reference frames for approach-

avoidance, conceptualized as actions that bring the agent closer to or away from a target. In our 

first set of experiments, we used two different frames of reference for the zoom effects. In the 

egocentric frame condition (Experiment 1a), the grid tunnel with the stimulus at its centre was 

zoomed in or out, creating the illusion that the person was moving towards, or away from, the 

stimulus. In the allocentric frame condition (Experiment 1b), the grid tunnel was stationary, and 

the stimulus was zoomed in our out, generating the impression that the stimulus is approaching 

or receding from the viewer. Previous studies showed that both reference frames could be used 

for the measurement of approach-avoidance tendencies (e.g., allocentric frame, Rinck & Becker, 

2007; egocentric frame: Aubé et al., 2019). Additionally, research suggested that the use of an 

egocentric frame could be superior in comparison to standard manikin and joystick task variants 

(Rougier et al., 2018). Consequently, and due to the hypothesized non-selectivity of the binding 

mechanism, we expected SRBR effects with both reference frames. Furthermore, investigating 

SRBR effects with egocentric and allocentric frames served as preparation for Experiment 3, 

where both sets of zoom effects were presented in a single task.  

 

 

1 A recoding of the word motion on the screen into up/down directions could account for the 

binding effect on the motor level because the repetition or switch of a lever pull/push was confounded 

with the up/down movement of the word. However, it cannot explain the larger 'semantic' binding effect 

caused by the word movement toward and away from the manikin. 



BINDING APPROACH-AVOIDANCE GOALS TO STIMULI 11 

 

If the zoom effect, and not the action itself, is bound to stimuli in episodic memory, the 

repetition versus change of stimuli in the probe trials should impact response speed, even when 

another motoric act generates the zoom effect. In Experiment 2, we asked our participants to use 

separate sets of motoric actions for approaching and avoiding the target in the prime trial 

(keypressing) and in the probe trial (computer mouse movement). We hypothesized an SRBR 

effect with the change versus repetition of the motivational response, even when the executed 

motoric action was different. Experiment 3 used the same procedure as Experiment 2, but this 

time an egocentric frame was used in the prime and an allocentric frame in the probe for the 

visualization of the approach-avoidance goal. If approach and avoidance goals, conceptualized as 

intention to move closer to or away from stimuli, are bound to stimuli, we should observe an 

SRBR effect with repetitions versus change of the motivational response even when the motoric 

action and the perceptual zoom effect are different. We pre-registered these hypotheses and 

corresponding study plans before conducting the studies (see Statements and Declarations). 

Experiments 1a and 1b 

Method 

Participants 

Based on a-priori statistical power considerations, we preregistered a sampling plan for 

each experiment with data collections of N = 100 participants for Experiment 1a and N = 150 

participants for Experiment 1b. Sample size was planned for the detection of a smallest effect 

size of interest with dz = 0.40 in Experiment 1a and dz = 0.233 in Experiment 1b with a statistical 
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power of 1-β = 0.80 and alpha-level set to 0.05 in a two-tailed paired sample t-test.2 A total of 

103 participants was recruited for Experiment 1a and an additional 165 volunteered for 

Experiment 1b. In line with our preregistered criteria for data exclusions, two participants were 

removed from Experiment 1a and thirteen subjects from Experiment 1b due to incomplete data 

sets. Two participants in Experiment 1a and seven participants from Experiment 1b additionally 

dropped out because they were far outliers in the proportion of incorrect trials (1a: ≥30%; 1b: 

≥18%) according to Tukey (1977). Final sample sizes were n = 99 participants (43 females, 55 

males, 1 diverse; mean age = 30.5 years, SD = 9.6) in Experiment 1a and n = 145 (100 females, 

44 males, 1 diverse; mean age = 25.6 years, SD = 10.0) in Experiment 1b.  

Subjects were recruited online via the Prolific Academic web platform and were paid a 

fixed amount of 4.50 ₤ and an optional performance bonus of 0.50 ₤ if they made few errors (i.e., 

in less than 20% of the trials). Participants could only take part in the experiments using laptops 

or desktop PCs running either Windows or MacOS; tablets and smartphones were excluded.  

Procedure 

Participants responded with keypresses to the yellow or blue color of a nonsense word 

that appeared in the middle of the 3D grid tunnel (for an illustration see Fig. 1). Stimuli were the 

words Niffites and Luupites that were described in the cover story as names of two fictitious 

social groups. Words were irrelevant for the color categorization task and represented distractors 

(Rothermund et al., 2005). Participants generated a zooming-in effect (approach) with a press of 

the computer key “T” and zoomed away from the word (retreat) with a press of the computer key 

 

 

2 Note that the squared t value of the paired t-test is equal to the F-value of a 2x2x2 repeated-

measures analysis of variance with one enumerator degrees of freedom; this means that p-values from 

both statistical tests will be identical. 
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“V”. Participants were instructed to use both index fingers for the keypresses. The assignment of 

the colors (yellow, blue) to the keypress actions (T, V) was counterbalanced across participants. 

In Experiment 1a, the 3D grid tunnel with the word at its center was zoomed in or out 

(egocentric frame). In Experiment 1b, the 3D grid was stationary and, depending on the 

keypress, the word was zoomed in or out (allocentric frame; see the supplement for video 

demonstrations). Other procedural details were identical in both experiments.  

Participants always completed two trials in a sequence: a prime and a probe trial (see Fig. 

1). First, the prime word appeared in grey at the center for a duration ranging between 150-250 

ms. The word color then changed to yellow or blue and the word was visible until registration of 

a keypress (‘T’ or ‘V’). With the keypress, the word color immediately changed back to grey and 

the visual zoom-in or zoom-out effect was displayed for a total duration of approximately 500 

ms (exact times depended on the participant’s monitor refresh rate). After having reached the end 

position of the zoom effect, the program waited for an additional 500 ms and then the screen 

turned blank, marking the end of the prime trial. After a delay of 250 ms, the probe trial started 

with the presentation of the probe word using the same presentation parameters as for the prime 

trial. After the probe trial (the end of the zooming effect), the next prime-probe sequence started 

after a waiting period (blank screen for 2,500 ms).  

Task instructions were to respond to the color of the word as quickly and as accurately as 

possible. After a waiting time of 2,000 ms without response, an error message (“Too slow!”) 

appeared in red color above the target word for 2,000 ms. After an incorrect keypress, the error 

message “Wrong response!” appeared without zoom effect. 

Prime-probe sequences were used to realize all combinations of the 2 (stimulus: 

repetition vs. change) x 2 (response: repetition vs. change) x 2 (stimulus identity: Niffites vs. 
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Luupites) x 2 (zoom effect: approach vs. retreat) design in equal frequencies and in random 

order. Each combination was presented 12 times (192 prime-probe sequences in total), 

subdivided into four trial blocks with 48 prime-probe sequences each. An additional block (48 

prime-probe sequences) was included at the beginning for task practice.  

If the participant’s reaction was incorrect or too slow to either trial in the prime-probe 

sequence, that sequence was appended to the end of the block and repeated in randomized order 

with other to-be-repeated sequences. During the practice block, further errors in the appended 

sequences led to further repetition until correct performance; during the trial blocks, this was not 

the case. In these blocks, sequences with errors were repeated only once at the end of the block 

in randomized order. 

Results 

In line with our preregistration, practice trials and prime-probe trial sequences with 

incorrect responses or no response were removed before analyses. This criterion deleted M= 

3.7% (SD= 3.6) from Experiment 1a and M= 4.0% (SD= 3.1) from Experiment 1b. In addition, 

probe RTs faster than 100 ms or slower than 1.5 interquartile ranges above the participant’s third 

quartile of the RT distribution were removed (Tukey, 1977). This criterion removed M= 2.7% 

(SD= 1.1) of the RTs from Experiment 1a and M= 2.6% (SD= 1.1) of the RTs from Experiment 

1b. Descriptive data and exploratory analyses of the (log-transformed) error data are reported in 

the supplement. 

Egocentric Reference Frame (Experiment 1a) 

In the 2x2x2 repeated-measures analysis of variance (ANOVA) of the reaction times in the 

probe trials with Zoom Effect in the prime trial (approach vs avoid), Stimulus Relation (repetition 

vs change), and Response Relation (repetition vs change) as factors, the main effect of Stimulus 
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Relation (faster reactions with stimulus repetition; M= 427 ms, SE= 8.3, vs M= 431 ms, SE= 8.1), 

F(1, 98) = 6.672, p = .011, ηp
2 = .064, the main effect of Response Relation (faster reactions with 

response repetition; M= 416 ms, SE= 8.0, vs M= 431 ms, SE= 8.5), F(1, 98) = 94.018, p < .001, 

ηp
2 = .490, and the main effect of Zoom Effect (faster reaction in the probe trial after avoidance in 

the prime trial; M= 425 ms, SE= 8.0, vs M= 432 ms, SE= 8.5), F(1, 98) = 8.488, p = .004, ηp
2 

= .080, were significant. The hypothesized interaction effect between Stimulus Relation and 

Response Relation was significant, F(1, 98) = 69.460, p < .001, ηp
2 = .415, indicating an SRBR 

effect. Following up on this interaction revealed the typical effect pattern: Compared to stimulus 

change (M= 425 ms, SE= 8.0), stimulus repetition (M= 406 ms, SE= 8.2) produced a significant 

performance benefit for response repetition sequences, t(98)=7.59, p < .001, dz = 0.762. In turn, 

compared to stimulus change (M= 436 ms, SE= 8.6), stimulus repetition (M= 447 ms, SE= 8.6) in 

the probe produced a significant performance cost for response change sequences, t(98)= 4.53, p 

< .001, dz = 0.455. The three-way interaction effect was not significant, F(1, 98) = 1.007, p = .318, 

ηp
2 = .010, indicating no difference between bindings of approach and avoidance responses in the 

prime trial (see Fig. 2, left panel). Other effects were not significant (Fs ≤ 2.143, ps ≥ .146, ηp
2 

≤ .021).  

Allocentric Reference Frame (Experiment 1b) 

In an analogous ANOVA, the main effect of Stimulus Relation (faster reactions with 

stimulus repetition; M= 434 ms, SE= 7.5, vs M= 438 ms, SE= 7.4), F(1, 144) = 9.399, p = .003, 

ηp
2 = .061, the main effect of Response Relation (faster reactions with response repetition; M= 

427 ms, SE= 7.5, vs M= 446 ms, SE= 7.6), F(1, 144) = 77.197, p < .001, ηp
2 = .349, and the main 

effect of Zoom Effect (faster reaction in the probe trial after avoidance in the prime trial; M= 429 

ms, SE= 7.4, vs M= 443 ms, SE= 7.7), F(1, 144) = 50.402, p < .001, ηp
2 = .259, were significant. 
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The latter effect was larger with stimulus repetition, as indicated by a significant ordinal 

interaction between Stimulus Relation and Zoom Effect, F(1, 144) = 4.870, p = .029, ηp
2 = .033. 

The expected interaction effect between Stimulus Relation and Response Relation was 

significant, F(1, 144) = 178.115, p < .001, ηp
2 = .553. Compared to a stimulus change (M= 438 

ms, SE= 7.4), stimulus repetition (M= 415 ms, SE= 7.7) produced a significant performance 

benefit for response repetition sequences, t(144)=10.51, p < .001, dz = 0.872, whereas stimulus 

repetition (M= 453 ms, SE= 7.6) relative to stimulus change (M= 438 ms, SE= 7.6) in the probe 

produced a significant performance cost for response change sequences, t(144)=9.41, p < .001, dz 

= 0.781. The three-way interaction effect was not significant, F(1, 144) = 0.781, p = .378, ηp
2 

= .005, indicating similar binding effects with approach and avoidance (see Fig. 2, right panel). 

Other effects were not significant (Fs ≤ 0.781, ps ≥ .378, ηp
2 ≤ .005). 

Discussion 

Results were consistent in both experiments: stimulus repetition produced performance 

benefits on response repetition probes but led to performance costs on response change probes 

(compared to stimulus changes, respectively). This reaction time pattern is in line with the 

hypothesized episodic binding of the prime response to the prime stimulus that was 

automatically retrieved when the same stimulus was presented again. The SRBR effect was not 

modulated by the type of response (approach, avoidance) within each study and was obtained 

with egocentric versus allocentric reference frames across studies, which confirms that the 

hypothesized binding process is nonselective and general. 

Although opposite response keys had to be pressed to produce zoom in and zoom out 

effect motions in the conditions with egocentric and allocentric reference frames, the type of 

keypress (‘T’ and ‘V’) was perfectly correlated with the generated zoom effect in each condition. 
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Accordingly, it is not clear which response component—the keypress action or the associated 

action effect—was retrieved during the probe trial. In a second experiment, we therefore sought 

more definitive evidence for a binding of approach- and avoidance related action effects to prime 

stimuli by replacing the keypress action with another motoric action in the probe trial.  

Experiment 2 

In the second experiment, two different responses sets were used for responding in the 

prime and probe trials, namely keypressing in the prime trial and movements of the computer 

mouse in the probe trial. Both response sets generated the same approach- and avoidance related 

effects but differed markedly on the motor level. Accordingly, response relation referred here 

exclusively to a repetition versus change of the produced action effect without repetition versus 

change of the motoric action. If an interaction effect between stimulus relation and response 

relation is observed, this would indicate the integration of approach- and avoidance-related 

action effects in the stimulus-response episode.  

Method 

Participants 

We pre-registered a minimum sample size of N= 90 participants to have good statistical 

power 1-β = 0.95 for the detection of dz ≥ 0.4 in a two-tailed paired sample t-test with the alpha-

level set to 0.05. A total of 94 participants were recruited via the Prolific Academic platform. 

Participation was only permitted if the participant’s computer was equipped with a trackpad or a 

physical computer mouse and if the vertical screen resolution was set equal to or higher than 480 

pixels. For seven participants, data sets were incomplete and, in line with our pre-registered 

criteria, data from an additional three participants were removed because they were far outliers in 

the proportion of incorrect trials (≥25%). The final sample size was n = 84 participants (37 
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females, 45 males, 2 diverse; mean age = 32.4 years, SD= 10.4). Participants received a fixed 

monetary compensation of 4.50 ₤ for participation and an optional performance bonus of 0.50 ₤ 

if they made errors in less than 20% of the trials.  

Procedure 

The procedure of Experiment 1a was used with the modification that separate response 

sets were used to trigger (egocentric) zoom-effects in the prime and probe tasks. In the prime 

task, participants responded to yellow and blue stimuli with presses of the computer keys ‘T’ 

(zoom-in) and ‘B’ (zoom out) using one hand. In the probe task, participants responded to the 

colors with a forward movement (zoom in) or backward movement (zoom out) of the computer 

mouse using the other hand. The prime task with keypressing and the probe task with mouse 

movements were first practiced in separate blocks with eight trials each. Then, participants 

worked through two practice blocks and eight test blocks with 32 prime-probe sequences each. 

As in Experiment 1, prime-probe sequences with incorrect responses were repeated in random 

order.  

Results 

In line with our pre-registered criteria, prime-probe sequences with incorrect responses or 

no response were removed from RT analyses (M= 5.1%, SD= 5.2). Probe RTs faster than 100 ms 

or slower than 1.5 interquartile ranges above the participant’s third quartile of the RT distribution 

were additionally removed (M= 3.1%, SD= 1.5). Descriptive data and exploratory analyses of the 

(log-transformed) error data are reported in the supplement. 

In the 2x2x2 repeated-measures ANOVA of the probe RTs, the main effect of Response 

Effect Relation (slower reactions with response effect repetition; M= 611 ms, SE= 18.6, vs M= 

596 ms, SE= 17.0), F(1, 83) = 10.611, p = .002, ηp
2 = .113, and the main effect of Zoom Effect 
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(faster reaction after avoidance/zoom out in the prime trial; M= 600 ms, SE= 17.6, vs M= 608 

ms, SE= 17.6), F(1, 83) = 10.459, p = .002, ηp
2 = .112, were significant. The Stimulus Relation 𝑥 

Response Effect Relation interaction effect was also significant, F(1, 83) = 12.775, p < .001, ηp
2 

= .133. In line with the hypothesized SRBR effect, stimulus repetition (M= 607 ms, SE= 19.1) 

compared to stimulus change (M= 615 ms, SE= 18.3) produced a significant performance benefit 

for response repetition sequences, t(83)=2.59, p = .011, dz = 0.283, but a significant performance 

cost in sequences with a response change (M= 602 ms, SE= 17.3, vs M= 591 ms, SE= 17.0), 

t(83)=2.54, p = .013, dz = 0.282. The three-way interaction effect (see Fig. 3, left panel), F(1, 83) 

= 0.780, p = .380, ηp
2 = .009, and all other effects, were not significant (Fs ≤ 1.580, ps ≥ .212, ηp

2 

≤ .019). 

Discussion 

In Experiment 2, separate response sets were used in prime and probe trials and only 

stimuli and zoom effects could repeat or change from prime to probe. Although two different 

motor responses were executed in prime and probe trials, results again demonstrated an 

interaction effect between stimulus relation and response relation. This binding effect is in line 

with the hypothesis that approach- and avoidance-related action effects were retrieved during the 

probe trial. 

Experiment 3 

Experiment 3 examined whether the SRBR effect is driven by a repetition vs change of 

goals to approach/avoid or by the repetition vs change of specific visual zoom effects. As 

described in the introduction, we conceptualize approach-avoidance goals as behavioral 

intentions that aim at regulating the perceived proximity to a goal object. Zooming stimuli in and 

out in egocentric and allocentric frames of references are appropriate visualizations of these 
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goals because both frames specify unambiguously a motion towards or away from the stimulus 

triggered by one’s own action. Therefore, an SRBR effect should be observed even when 

different visualizations of zooming in (approach) and zooming out (avoidance) are presented in 

the prime and probe. Specifically, zoom effects were presented with allocentric and egocentric 

reference frames in the prime and probe trial, respectively. If approach- and avoidance-related 

action goals are bound to stimuli, an SRBR effect should be obtained with the repetition versus 

change of an intended proximity change, even if these are visualized by different zoom effects. 

Method 

Participants 

We pre-registered a minimum sample size of N = 94 for the detection of dz ≥ 0.4 in a two-

tailed paired sample t-test with 95% statistical power. Requirements for participation were the 

same as for Experiment 2. A total of 103 participants were recruited via the Prolific Academic 

platform. Seventeen data sets were incomplete and, in line with our pre-registered criteria, data 

from an additional eleven participants were removed because they were far outliers in the 

proportion of incorrect prime-probe sequences (≥25%). The final sample size was n = 75 

participants (29 females, 46 males; mean age = 32.8 years, SD= 12.3). Participants received a 

fixed monetary compensation of 4.50 ₤ for participation and an optional performance bonus of 

0.50 ₤ if they made errors in less than 20% of the trials.  

Procedure 

The procedure of Experiment 2 was used with the modification that the response-

contingent zoom effect in the prime trial was now presented using an allocentric reference frame 

and the zoom effect in the probe trial with an egocentric frame. All other details were identical. 
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Results 

In line with our pre-registered criteria, prime-probe sequences with incorrect responses or 

no response were removed from RT analyses (M= 4.9%, SD= 4.5). Probe RTs faster than 100ms 

or slower than 1.5 interquartile ranges above the participant’s third quartile of the RT distribution 

were additionally removed (M= 2.8%, SD= 1.3). Descriptive data and exploratory analyses of the 

(log-transformed) error data are reported in the supplement. 

In the 2𝑥2𝑥2 repeated-measures ANOVA of the probe RTs, the main effect of Zoom 

Effect (faster reaction after avoidance/zoom out in the prime trial; M= 605 ms, SE= 24.6, vs M= 

624 ms, SE= 24.8), F(1, 74) = 27.885, p < .001, ηp
2 = .274, and the interaction between Zoom 

Effect and Response Effect Relation (faster avoidance than approach reaction in the probe after 

zooming towards in the prime trial, M= 616 ms, SE= 24.5, vs M= 632 ms, SE= 25.6, and faster 

approach than avoidance in the probe after zooming away in the prime, M= 604 ms, SE= 25.0, vs 

M= 605 ms, SE= 24.5) were significant, F(1, 74) = 4.043, p = .048, ηp
2 = .052.  

The hypothesized Stimulus Relation 𝑥 Response Effect Relation interaction effect was 

also significant, F(1, 74) = 6.446, p = .013, ηp
2 = .080. Compared to stimulus change (M= 619 

ms, SE= 25.0), stimulus repetition (M= 617 ms, SE= 25.3) produced a non-significant 

performance benefit for response repetition sequences, t(74)=0.53, p = .596, dz = 0.062; in 

contrast, stimulus repetition (M= 617 ms, SE= 25.2) versus change (M= 605 ms, SE= 23.7) in the 

probe produced a significant performance cost when the motivational response also changed, 

t(74)=2.60, p = .011, dz = 0.68. The three-way interaction effect, F(1, 74) = 2.979, p = .089, ηp
2 

= .039 (see Fig. 3, right panel), and all other effects, were not significant (Fs ≤ 2.840, ps ≥ .096, 

ηp
2 ≤ .037). 
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Discussion 

Experiment 3 not only used separate response sets for responding in prime and probe 

trials (as in Experiment 2) but also presented different zoom effects during these trials for the 

visualization of approach and avoidance. Results showed a robust SRBR effect, in line with the 

hypothesized binding and retrieval of approach-avoidance goals to stimuli.  

General Discussion 

Four experiments employed a sequential distractor-to-distractor repetition paradigm to 

investigate the binding of approach and avoidance goals to stimuli. We hypothesized that 

approaching or avoiding a stimulus creates an episodic memory trace that links the stimulus to 

the action goal directing the behavior. This memory trace is automatically retrieved when the 

integrated stimulus is processed again, resulting in an action readiness to approach or avoid that 

facilitates goal-congruent responses but interferes with goal-incongruent responses. This SRBR 

effect was observed with actions that zoomed the viewer towards or away from stimuli 

(egocentric reference frame; Experiment 1a) and with actions that zoomed stimuli towards or 

away from the viewer (allocentric reference frame; Experiment 1b), in support of a non-selective 

and general binding mechanism. A stimulus-cued retrieval of the previous motivational response 

was also observed when participants executed different motoric actions for the generation of 

approach- and avoidance-related zoom effects in prime (keypressing) and probe trials 

(movements of a computer mouse movements; Experiment 2). This finding shows that action 

effects representing approach and avoidance, and not the motoric action subserving these goals, 

became linked to the stimuli in episodic memory. A final experiment demonstrated binding 

effects between stimuli and motivational responses when different perceptual (zoom) effects 

were presented in prime and probe for the visualization of approach and avoidance (Experiment 
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3). Thus, repetition (vs change) of stimuli from prime to probe generated action tendencies to 

approach and avoid even without exact repetition of the previous motoric action and perceptual 

action effects. Collectively, our studies demonstrate a binding between stimuli and 

approach/avoidance actions at the level of action goals. Moreover, they show that retrieval of 

these bindings could generate a readiness to approach and avoid, even without exact repetition of 

the previous motoric action and action consequence. These results support the hypothesis of an 

integration of approach-avoidance goals in episodic memory structures, which, once retrieved, 

can prompt directional actions towards or away from associated stimuli and events. 

Action intentions to approach or avoid hence appear to become active when the 

previously approached or avoided stimulus is encountered again. By retrieving the previous 

action to this stimulus, a readiness to action is automatically generated. The re-use of a previous 

action plan in related situations can save valuable time that would otherwise be spent on 

preparing a new action. Furthermore, the integration of directional actions towards or away on 

the goal level makes sure that the motoric action is not simply repeated and can be adjusted to 

affordances of the situation.  

It should be mentioned that a binding of approach- and avoidance-related action effects to 

stimuli appears to be at odds with previous research that found no evidence for episodic binding 

between stimuli and action effects (Moeller et al., 2019). In this research, however, action effects 

were irrelevant for the task at hand, and participants were explicitly instructed to ignore them. 

This is a notable difference to the present study, where task instructions stressed the relevance of 

action effects for performance of the task that is known to facilitate integration into event files 

(Memelink & Hommel, 2013). Furthermore, egocentric and allocentric zoom effects had 

perceptual features in common that participants could have used to code approach and avoidance 
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reactions across trials (e.g., a stimulus size increase for approach and a stimulus size decrease for 

avoidance). With reference to these shared perceptual codes, bindings between stimuli and zoom 

effects could have generalized across trials although they were not identical. 

From an effect-based action control perspective (Eder & Hommel, 2013), probe stimuli 

could have generated an action tendency via reactivation of the episodically integrated 

approach/avoidance effect that, in turn, was used to select a motor pattern associated with this 

effect. This inverse route to action control, via anticipation of the action effect, can explain the 

motivational priming of distinct behavioral actions (e.g., keypresses and computer mouse 

movements) in the prime and probe trials. However, this does not imply that motoric features of 

actions cannot be integrated in event files. In fact, Giesen and Rothermund (2016) found 

evidence for bindings between stimuli and lever movements that were independent of bindings 

between stimuli and action effects. The integration of motor-related aspects is particularly 

plausible for approach-avoidance behaviors with a firm grounding in sensorimotor experience, 

such as whole-body actions in forward or backward directions  (Eder et al., 2021; Rougier et al., 

2018). Future studies could examine whether motoric aspects of embodied approach and 

avoidance reactions become integrated into episodic structures. 

A limitation of our study is the use of the color feature that defined which response 

should be executed. It is likely that, separately and independently from the distractor-response 

binding, the distractor was also bound to the color information as a task-relevant feature. 

Importantly, Giesen and Rothermund (2016) observed binding effects between stimuli and 

responses even when explicitly controlling for distractor-target bindings. Additionally, several 

studies have provided distinct evidence for both distractor-response and target-response bindings 

(see Frings et al., 2007, Experiment 2; Giesen & Rothermund, 2014; Moeller et al., 2016). It is 
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therefore safe to say, that distractor-response bindings do not hinge on distractor-target bindings. 

Hence, we view it unlikely that distractor-target binding can sufficiently explain the present 

results. 

Furthermore, participants in our studies approached and avoided stimuli that had no 

relevance to them except for their task-defined meaning (names of fictitious groups). It remains 

an open question whether SRBR would differ with stimuli that are emotionally or motivationally 

relevant to the individual. A previous study found no significant differences in SRBR effects 

between stimuli with high and low emotional arousal (Giesen & Eder, 2022). Therefore, further 

research is needed to explore how emotional and motivational states influence binding and 

retrieval processes. 

Theoretical Implications 

To summarize, the present study suggests that when a stimulus is approached or avoided, 

the underlying action goal becomes temporarily linked to the stimulus within an episodic 

memory trace. When the situation is encountered again, the stimulus acts as a retrieval cue for 

this memory, reactivating the linked action goal. This explanation has several implications. 

Firstly, while studies have shown that memory traces underlying SRBR effects typically 

last for only several seconds to minutes (Frings et al., 2022; Pastötter et al., 2021), they can 

induce relatively enduring biases in favor of action repetition in situations where a perceptual 

target remains constant, the repetition of behavior is feasible, and the likelihood of interference 

from other goal-directed activities is low. Snacking is an example. When individuals engage in 

snacking, such as reaching into a bag of cookies while watching TV, the presence of the cookie 

bag serves as a continual prompt, evoking memories of previous actions like picking up a cookie, 

bringing it to the mouth, and consuming it. Once snacking is initiated, the cookie bag can act as 



BINDING APPROACH-AVOIDANCE GOALS TO STIMULI 26 

 

an ongoing perceptual cue for the prior consumption episode, potentially leading to the repetition 

of eating behaviors even after reaching satiety or when the bag or hand is slightly repositioned 

(necessitating an adjustment in the grasping motion). The key distinction between the current 

experimental task and the example is that watching TV does not interfere with snacking, whereas 

in the present experiment the color classification task disrupted response repetition due to the 

orthogonal variation of the S-R relation.3  

However, the situation described above is arguably limited, making it essential to 

determine whether episodic memories could also be consolidated for long-term use. Research on 

this question has produced mixed findings. Some researchers concluded that action episodes are 

only stored transiently and that distinct mechanisms must be responsible for binding and more 

permanent learning phenomena (e.g., Colzato et al., 2006). In contrast, other researchers argued 

for a unitary view, proposing that learning and binding are long- and short-term consequences of 

the same acquisition processes when the conditions are appropriate (e.g., Frings et al., in press). 

Others have adopted an intermediate position (e.g., Giesen et al., 2020), suggesting that binding 

may represent an early but insufficient process for long-term learning. They propose that an 

additional process is required to transform these bindings into a permanent knowledge structure, 

such as contingency awareness (Arunkumar et al., 2022). These positions hence view transient 

episodic bindings as building blocks for more complex cognitions (e.g., for contingency or 

causal knowledge) that could drive complex motivational phenomena.  

 

 

3 To draw the analogy to elements of the present experimental task: watching TV would 

correspond to the color classification task; the cookie bag would be the letter string; and grabbing and 

eating the cookie would be analogous to the keypress action causing a zooming in effect. 
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In line with unitary positions, studies using so-called approach-avoidance training 

(AAT) procedures demonstrated that training people to approach versus avoid specific stimuli 

(for example, by repeatedly zooming them in or out) can indeed produce relatively enduring 

changes in consumptive and evaluative behaviors (for reviews see Kakoschke et al., 2017; Wiers 

et al., 2020). For instance, Wiers et al. (2011) reported that training alcoholic patients to avoid 

alcohol by repeatedly zooming alcohol-related pictures away resulted in a better treatment 

outcome (relapse) even a year later. In line with the present experiments, it is plausible that an 

episodic memory structure was created in each training trial between the training stimuli 

(alcohol) and the trained avoidance goal (zooming away effect). These short-lived episodes were 

then transformed into a more durable memory trace, benefitting from the extensive training in 

multiple training sessions distributed across an extended time period. After memory 

consolidation, the training stimuli should have acquired a capacity to activate the associated 

approach/avoidance goal in fitting situations (e.g., at a party with alcohol supply). The activation 

of the avoidance goal by the perception of an alcoholic beverage may then have influenced 

action decisions, such as the decision to drink less alcohol and/or more non-alcoholic beverages 

at a party. In addition, it is also possible that the trained stimulus-action goal relation (e.g., 

alcohol-avoidance) was integrated as permanent propositional knowledge into inferential 

reasoning processes underlying evaluative changes ( “I avoided alcohol; I typically do not like 

objects that I avoid; therefore, I do not like alcohol”; see Van Dessel et al., 2018). Note, 

however, that not all studies using AAT procedures were successful (see e.g., Krishna & Eder, 

2018; Spruyt et al., 2013). Hence, more research is needed on potential mediators of short- and 

long-term consequences produced by AAT procedures. 
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Finally, a general theoretical implication of the present research is that stimuli can 

acquire a capacity to trigger approach- and avoidance-related action tendencies based on a 

domain-general cognitive learning process. This conclusion makes sense if the approach and 

avoidance distinction is used as a functional criterion for the analysis of goal-directed behavior 

(e.g., as action readiness to move towards versus away from a target object), without being 

committed to a specific mental process or construct (De Houwer, 2011). This means the black 

boxes of appetitive and aversive “motive systems”, originally invented by behaviorist 

psychologists to explain action-energizing interactions between particular types of stimuli and 

behaviors on the central level (Toates, 1986), likely comprise multiple processes, including 

memory-based binding and retrieval processes. As our research has demonstrated, the action 

control system has a general tendency to re-use action plans that worked in the past, which now 

explicitly includes actions to approach or avoid. 
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Figures 

Figure 1 

Schematic Illustration of the Prime-Probe Trial Sequence  

 

 

 

Note. Example of a trial sequence with a response-contingent zoom-out effect (avoidance) in the 

prime trial and a response-contingent zoom-in effect (approach) in the probe trial. For a video 

demonstration of the zoom effects see the supplement. 
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Figure 2  

SRBR Effects as a Function of the Motivational Response and Reference Frame in Experiments 1 

 

 

Note. Absolute effect size (in ms) as a function of the motivational response (approach, 

avoidance) with egocentric (left panel, Experiment 1a) and allocentric (right panel, Experiment 

1b) reference frames for approach/avoidance.  
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Figure 3  

SRBR Effects as a Function of the Motivational Response in Experiments 2 and 3 

 

Note. Absolute effect size (in ms) as a function of the motivational response (approach, 

avoidance) with separate response sets in prime and probe (Experiment 2, left) and with separate 

response sets and sets of zooming effects in prime and probe (Experiment 3, right). 
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Supplement 

Supplementary Material 

Example video showing zoom effects with the egocentric frame: 

Egocentric_Zoom.mp

4  

Example video showing zoom effects with the allocentric frame: 

Allocentric_Zoom.mp

4
 

For replay, a video player for *mp4 files is required. Double-click on the icon to start the video. 

The videos can be also viewed with a web player at https://osf.io/3wv9x/. 

  

https://osf.io/3wv9x/
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Supplementary Analyses 

Experiment 1a 

Probe Reaction Times (ms) 

 95% Confidence Interval 

Prime 

Response 

Response 

Relation 

Stimulus 

Relation 
Mean SE Lower Upper 

Approach  Repetition  Repetition  411  8.60  394  428  

      Change  432  8.80  414  449  

   Change  Repetition  449  9.06  431  467  

      Change  438  8.94  420  456  

Avoidance  Repetition  Repetition  402  8.28  385  418  

      Change  418  7.65  403  433  

   Change  Repetition  445  8.63  428  462  

      Change  435  8.65  418  452  

Probe Error Rate 

 95% Confidence 

Interval 

Prime 

Response 

Response 

Relation 

Stimulus 

Relation 
Mean SE Lower Upper 

Approach  Repetition  Repetition  0.0155  0.00305  0.00950  0.0216  

      Change  0.0220  0.00331  0.01547  0.0286  

   Change  Repetition  0.0115  0.00250  0.00653  0.0164  

      Change  0.0154  0.00345  0.00859  0.0223  

Avoidance  Repetition  Repetition  0.0133  0.00295  0.00744  0.0191  

      Change  0.0241  0.00397  0.01622  0.0320  

   Change  Repetition  0.0199  0.00365  0.01263  0.0271  

      Change  0.0168  0.00329  0.01029  0.0234  

  

ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Stimulus Relation  7.05e-4  1  7.05e-4  5.335  0.023  0.052  

Residual  0.01295  98  1.32e-4           
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ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Response Relation  2.84e-4  1  2.84e-4  2.682  0.105  0.027  

Residual  0.01039  98  1.06e-4           

Prime Response  1.88e-4  1  1.88e-4  1.366  0.245  0.014  

Residual  0.01350  98  1.38e-4           

Stimulus Relation ✻ Response Relation  5.86e-4  1  5.86e-4  4.955  0.028  0.048  

Residual  0.01159  98  1.18e-4           

Stimulus Relation ✻ Prime Response  1.50e-5  1  1.50e-5  0.200  0.656  0.002  

Residual  0.00738  98  7.53e-5           

Response Relation ✻ Prime Response  2.22e-4  1  2.22e-4  1.222  0.272  0.012  

Residual  0.01783  98  1.82e-4           

Stimulus Relation ✻ Response Relation 

✻ Prime Response 
 2.59e-4  1  2.59e-4  1.687  0.197  0.017  

Residual  0.01505  98  1.54e-4           

Note. Type 3 Sums of Squares 

  

  



SUPPLEMENT 44 

 

Experiment 1b 

Probe Reaction Times (ms) 

 95% Confidence Interval 

Prime Response Response Relation Stimulus Relation Mean SE Lower Upper 

Approach  Repetition  Repetition  423  7.93  408  439  

      Change  442  7.95  426  458  

   Change  Repetition  462  7.96  446  477  

      Change  445  7.73  430  460  

Avoidance  Repetition  Repetition  407  7.80  392  423  

      Change  434  7.27  419  448  

   Change  Repetition  444  7.62  429  460  

      Change  431  7.90  416  447  

  

Probe Error Rate 

 95% Confidence 

Interval 

Prime 

Response 

Response 

Relation 

Stimulus 

Relation 
Mean SE Lower Upper 

Approach  Repetition  Repetition  0.0136  0.00244  0.00874  0.0184  

      Change  0.0265  0.00336  0.01982  0.0331  

   Change  Repetition  0.0223  0.00280  0.01678  0.0278  

      Change  0.0130  0.00183  0.00937  0.0166  

Avoidance  Repetition  Repetition  0.0154  0.00210  0.01128  0.0196  

      Change  0.0336  0.00335  0.02700  0.0402  

   Change  Repetition  0.0244  0.00300  0.01843  0.0303  

      Change  0.0145  0.00209  0.01037  0.0186  

  

ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Stimulus Relation  4.42e-4  1  4.42e-4  3.437  0.066  0.023  
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ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Residual  0.01851  144  1.29e-4           

Response Relation  6.71e-4  1  6.71e-4  4.933  0.028  0.033  

Residual  0.01960  144  1.36e-4           

Prime Response  5.14e-4  1  5.14e-4  3.153  0.078  0.021  

Residual  0.02350  144  1.63e-4           

Stimulus Relation ✻ Response 

Relation 
 0.00783  1  0.00783  54.932  < .001  0.276  

Residual  0.02052  144  1.43e-4           

Stimulus Relation ✻ Prime Response  6.96e-5  1  6.96e-5  0.495  0.483  0.003  

Residual  0.02023  144  1.40e-4           

Response Relation ✻ Prime Response  1.04e-4  1  1.04e-4  0.753  0.387  0.005  

Residual  0.01986  144  1.38e-4           

Stimulus Relation ✻ Response 

Relation ✻ Prime Response 
 1.04e-4  1  1.04e-4  0.788  0.376  0.005  

Residual  0.01901  144  1.32e-4           

Note. Type 3 Sums of Squares 
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Experiment 2 

Probe Reaction Times (ms) 

 95% Confidence Interval 

Prime Response Response Relation Stimulus Relation Mean SE Lower Upper 

Approach  Repetition  Repetition  610  18.4  573  647  

      Change  614  19.2  576  653  

   Change  Repetition  608  18.1  572  644  

      Change  599  17.4  564  633  

Avoidance  Repetition  Repetition  603  20.2  563  643  

      Change  616  17.9  581  652  

   Change  Repetition  595  17.0  561  629  

      Change  584  17.4  549  619  

  

Probe Error Rate 

 95% Confidence 

Interval 

Prime 

Response 

Response 

Relation 

Stimulus 

Relation 
Mean SE Lower Upper 

Approach  Repetition  Repetition  0.0296  0.00472  0.0202  0.0390  

      Change  0.0287  0.00464  0.0195  0.0380  

   Change  Repetition  0.0265  0.00513  0.0163  0.0367  

      Change  0.0210  0.00440  0.0122  0.0297  

Avoidance  Repetition  Repetition  0.0217  0.00454  0.0126  0.0307  

      Change  0.0360  0.00660  0.0228  0.0491  

   Change  Repetition  0.0222  0.00496  0.0123  0.0320  

      Change  0.0232  0.00473  0.0138  0.0326  

  

ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Stimulus Relation  1.37e-4  1  1.37e-4  0.87870  0.351  0.010  
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ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Residual  0.01297  83  1.56e-4           

Response Relation  9.52e-4  1  9.52e-4  4.51739  0.037  0.052  

Residual  0.01749  83  2.11e-4           

Prime Response  2.37e-5  1  2.37e-5  0.08172  0.776  0.001  

Residual  0.02405  83  2.90e-4           

Stimulus Relation ✻ Response Relation  5.32e-4  1  5.32e-4  4.16027  0.045  0.048  

Residual  0.01061  83  1.28e-4           

Stimulus Relation ✻ Prime Response  8.07e-4  1  8.07e-4  6.84228  0.011  0.076  

Residual  0.00979  83  1.18e-4           

Response Relation ✻ Prime Response  1.18e-6  1  1.18e-6  0.00499  0.944  0.000  

Residual  0.01968  83  2.37e-4           

Stimulus Relation ✻ Response Relation 

✻ Prime Response 
 1.15e-4  1  1.15e-4  1.10562  0.296  0.013  

Residual  0.00861  83  1.04e-4           

Note. Type 3 Sums of Squares 
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Experiment 3 

Probe Reaction Times (ms) 

 95% Confidence Interval 

Prime Response Response Relation Stimulus Relation Mean SE Lower Upper 

Approach  Repetition  Repetition  636  26.2  583  688  

      Change  628  25.2  577  678  

   Change  Repetition  622  25.1  572  672  

      Change  611  24.3  562  659  

Avoidance  Repetition  Repetition  599  25.0  549  648  

      Change  611  25.5  560  661  

   Change  Repetition  612  25.8  560  663  

      Change  599  23.5  552  646  

  

Probe Error Rate 

 95% Confidence 

Interval 

Prime 

Response 

Response 

Relation 

Stimulus 

Relation 
Mean SE Lower Upper 

Approach  Repetition  Repetition  0.0352  0.00554  0.02413  0.0462  

      Change  0.0383  0.00553  0.02729  0.0493  

   Change  Repetition  0.0206  0.00390  0.01287  0.0284  

      Change  0.0157  0.00428  0.00717  0.0242  

Avoidance  Repetition  Repetition  0.0199  0.00375  0.01239  0.0273  

      Change  0.0302  0.00418  0.02183  0.0385  

   Change  Repetition  0.0184  0.00310  0.01226  0.0246  

      Change  0.0271  0.00510  0.01691  0.0372  

  

ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Stimulus Relation  4.49e-4  1  4.49e-4  4.177  0.045  0.053  
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ANOVA of Log-Transformed Error Rates (Probe) 

  
Sum of 

Squares 
df 

Mean 

Square 
F p η²p 

Residual  0.00796  74  1.08e-4           

Response Relation  0.00280  1  0.00280  12.159  < .001  0.141  

Residual  0.01702  74  2.30e-4           

Prime Response  2.97e-4  1  2.97e-4  2.318  0.132  0.030  

Residual  0.00947  74  1.28e-4           

Stimulus Relation ✻ Response Relation  1.76e-4  1  1.76e-4  1.226  0.272  0.016  

Residual  0.01064  74  1.44e-4           

Stimulus Relation ✻ Prime Response  6.90e-4  1  6.90e-4  4.633  0.035  0.059  

Residual  0.01103  74  1.49e-4           

Response Relation ✻ Prime Response  0.00167  1  0.00167  10.473  0.002  0.124  

Residual  0.01179  74  1.59e-4           

Stimulus Relation ✻ Response Relation 

✻ Prime Response 
 6.25e-5  1  6.25e-5  0.503  0.480  0.007  

Residual  0.00919  74  1.24e-4           

Note. Type 3 Sums of Squares 

  

 

 


