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APPROACH/AVOIDANCE AND THE POLARITY PRINCIPE

Abstract
The present study examined the role of polarity correspondence (Proctor & Cho, 2006) in
the approach/avoidance task. It was hypothesized that the typically found
approach/avoidance effect could (at least in part) be explained by matching polarities of
the stimuli and the response alternatives. To test this hypothesis, polarity of the stimuli
was manipulated in three experiments. Experiment 1 showed that two neutral categories
elicited an approach/avoidance asymmetry similar to that typically found for positive and
negative stimuli when the categorization of stimuli was framed as "Yes (category A)" vs.
"No (not category A)." This pattern is explained by assuming a polarity match between
the “yes” category and the approach response. Experiment 2 used positive (flowers)
versus negative (insects) categories. In a control condition, a typical compatibility effect
was found (i.e., positive [negative] items relatively facilitated approach [avoidance]).
However, when the task consisted of categorizing insects as the +polarity ("Yes, insect"
vs. "No, no insect"), the compatibility effect reversed; it was significantly increased when
flowers were the "Yes" category. In Experiment 3, polarity of positive/negative stimuli
(flowers/insects) was manipulated prior to completion of a standard approach/avoidance
task with flowers and insects as stimuli. Approximately the same pattern of results (albeit
less pronounced) was found as in Experiment 2. The results suggest that results with the
approach/avoidance task interpreted in terms of valence or motivational relevance may be
(partly) due to polarity differences. This should be taken into account if these effects are
routinely interpreted in terms of valence or motivational relevance.
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Public Significance Statement

It is an established finding that positive stimuli facilitate approach behaviors and
negative stimuli facilitate avoidance behaviors. This effect is usually interpreted in terms
of motivational distance regulation or the evaluative congruence of stimuli and responses.
Therefore the effect plays a role in more applied fields of psychology (psychopathology,
social psychology). However, we argue and show that structural asymmetries of binary
classifications, termed polarity and polarity correspondence (Proctor & Cho, 2006) can
(at least partially) explain the effect described above by assuming that the congruence of

the polarities of stimulus categories and the response alternatives facilitates responses.
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Approach versus avoidance and the polarity principle
On an unrecognized ambiguity of the approach/avoidance paradigm

Since the rediscovery of an early article by Solarz (1960) by Chen and Bargh
(1999), the approach/avoidance paradigm has become a well-established tool in social
cognition and embodied cognition research. The authors found that the speed of
categorizing the valence of positive and negative stimuli depends on the behavioral mode
of the response: Responses were faster if participants had to respond to positive items by
pulling a lever toward the body (approach) and to negative items by pushing a lever away
from the body (avoidance) compared to the reversed assignment.

There are several explanations of this S-R compatibility effect. Initially, Chen and
Bargh (1999) favored a specific-muscle activation account, that is, they assumed that
approach and avoidance are directly tied to arm flexion and arm extension, respectively.
However, a number of findings call this explanation into question (for a review, see Phaf
et al., 2014). Subsequently, most prominent are the distance-regulation account (De
Houwer et al., 2001; Krieglmeyer et al., 2010) and the evaluative coding account (Eder &
Rothermund, 2008). The former focuses on motivational processes related to diminishing
the distance between positive items and the self and increasing the distance between
negative items and the self. The latter emphasizes the evaluative connotations of the
movement responses (e.g. “toward” as positively connoted, “away’ as negatively
connoted) and their compatibility versus incompatibility with the stimulus valence. These
explanations are not mutually exclusive; for example, Krieglmeyer et al. (2010) found

evidence for distance regulation and evaluative response coding in a single experiment.
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Both explanations have in common that the affective connotation of the objects is
seen as causal for the effect. Here, we hypothesize that another explanatory principle can
be applied to the approach/avoidance paradigm that could explain some of the effects or
part of the effect. In this explanation, causality is attributed to a third variable that is
correlated with valence as well as response variations. Therefore, this explanation might
challenge the validity of some applications of the approach/avoidance paradigm.

The polarity principle

We refer to the polarity principle as introduced by Proctor and Cho (2006; see
also Proctor & Xiong, 2015). The authors argue that in binary decision tasks, “stimulus
and response alternatives are coded as positive and negative polarity along several
dimensions, and polarity correspondence is sufficient to produce mapping effects” (p.
416). Thus, there are two basic assumptions. First, binary decision tasks are (typically)
not processed symmetrically, but asymmetrically. This is directly plausible if the
presence versus absence of a stimulus should be categorized. It is still immediately
plausible if the presence versus absence of a stimulus feature (“is the item a word vs. ...
is not a word”) should be categorized. However, the assumption is that even if both
categories are prima facie positively defined, that is, relate to the presence of a feature,
the stimuli might be processed asymmetrically. Take, for example, a simple experimental
situation: Stimuli appear either above or below a central fixation cross and participants
have to categorize them accordingly. Assume — just for the sake of the argument — that
above is the + polarity and below the — polarity. The same argument can be applied to
response categories. The above versus below decision has to be made by right versus left

key presses. Now assume again — just for the sake of the argument — that right is the +
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polarity and left the — polarity. The second basic assumption is that if the stimulus and

response polarities map, responses are faster. Indeed, Weeks and Proctor (1990) found

that there is a speed advantage if “above” is paired with the right response and “below”
with the left response.

The polarity principle has been applied to other more complex paradigms as well.
Rothermund and Wentura (2004) suggested that effects found with the Implicit
Association Test (IAT; Greenwald et al., 1998) can be interpreted in terms of salience
differences between the target and attribute dimensions, that is, by polarity differences in
terms of Proctor and Cho’s polarity principle (Proctor & Cho, 2006): If, for example, first
names that typically refer to old persons and names that typically refer to young persons
should be categorized accordingly (by young participants) using the same keys that are
employed for categorizing positive and negative words in other trials, an IAT effect can
be observed: Responses are faster if old names and negative words (and young names and
positive words) are assigned to the same key compared to the reversed assignment. This
effect is typically taken as evidence of ageism, the negative evaluation of being old (see,
e.g., de Paula Couto & Wentura, 2017, for a review). However, Rothermund and Wentura
argue that the two dimensions are potentially processed in an asymmetric way. If we
assume that “old names” and “negative” share polarities of their respective dimensions,
the IAT effect is a consequence of compatible versus incompatible polarity pairing.
Viewed from this perspective, one can simply repeat the IAT by replacing the attribute
trials (i.e., the trials with positive versus negative words) with a neutral but clearly
asymmetric comparison — Rothermund and Wentura (2004) used words versus non-words

— and one obtains an IAT effect that cannot be interpreted from an “implicit association”
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perspective (if one does not want to assume that old age is associated with non-words).
Polarity correspondence is sufficient to explain the effect.

We want to report a further IAT example because it is particularly catchy and
paves the way for our own experiments. Mitchell (2004) kept the usual positive/negative
attribute trials in the IAT, but presented more or less neutral objects as targets. Targets
were from two distinct sets, that is, the object either had teeth (e.g., dog) or could fly
(e.g., kite). Half of participants had to categorize the objects as “has teeth” vs. “has no
teeth”; the remaining half had to categorize them as “can fly” vs. “cannot fly”. Both
samples produced an AT effect that — in the traditional implicit association account —
would be described as the “teeth” category is positive for one sample whereas the “flight”
category is positive for the other sample. Concretely, reaction times were faster in trials
in which participants had to react to the target category (“flight” or “teeth”, depending on
the sample) with the “positive” key and to the no-target category with the “negative” key
than vice versa. This effect cannot be driven by the valence of the stimuli, since the
object sets were the same in both samples. Again, an interpretation in terms of polarity
correspondence — “yes” and the positive category and “no” and the negative category are
polarity compatible — is sufficient.

Approach/avoidance and the polarity principle

What does the polarity principle mean for approach/avoidance tasks? Van Dantzig
and colleagues (2009) already introduced the idea (albeit without testing it) that the S-R
compatibility effect in approach/avoidance tasks can potentially be reinterpreted in terms
of the polarity principle. If one assumes that positive valence and a “towards” movement

are the respective + polarities, and negative valence and an “away” movement are the —
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polarities, the S-R compatibility effect in the basic approach/avoidance task can in
principle be attributed to polarity correspondence (see also Zhang et al., 2012, Proctor &
Zhang, 2010).

The important point here is that — as in the IAT examples — the S-R compatibility
effect is traced back to a third variable — that is, polarity — that is merely correlated with
the two variables that were originally of interest, that is, valence and movement. This
point becomes even more interesting if we keep in mind that the approach/avoidance task
is often used to assess behavioral tendencies in reaction to stimuli of imputed valence or
imputed motivational relevance: For example, Mogg et al. (2003) instructed participants
(smokers vs. non-smokers) to categorize pictures as smoking-related versus non-
smoking-related with approach/avoidance responses; Fishbach and Shah (2006)
instructed participants (dieters versus non-dieters) to categorize targets related to fitness
versus targets related to fattening food with approach/avoidance responses. In both cases,
approach/avoidance effects were interpreted in terms of the differential motivational
relevance of the categories. This is plausible and might be valid. However, in the
following, we want to point out that the devil’s advocate can provide a potential
alternative explanation in terms of polarity correspondence. To do so, we manipulated
polarity for semantic categories that were used in an approach/avoidance task, either in
the way Mitchell (2004) did (see above; Experiments 1 and 2) or through a pre-task
manipulation (Experiment 3).

Overview
We will report three experiments. In Experiment 1, we instructed participants to

categorize stimuli from affectively neutral categories using the “toward” (approach)
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versus “away”’ (avoidance) response modes. The stimuli belonged to one of two exclusive
categories, that is, they denoted objects could either swim or fly. Half the participants
were given the instructions to categorize stimuli with regard to whether they objects
could fly or could not fly; the other half were instructed to categorize the same stimuli
with regard to whether objects could swim or not swim (that is, we essentially adapted
the basic idea of Mitchell, 2004; see above). We expected compatibility effects, that is,
the respective “yes” category should relatively facilitate approach behavior, whereas the
“no” category should relatively facilitate avoidance behavior. In Experiment 2, we
conceptually replicated Experiment 1, now using the two valent categories of flowers
(positive) versus insects (negative). Thus, one sample had to categorize stimuli as “flower
vs. not flower”, whereas the other had to categorize them as “insect vs. not insect”. In
addition, we recruited a control sample that completed the approach/avoidance task using
the standard instructions (i.e., to categorize flowers versus insects). We expected that
polarity correspondence adds to a valence-based compatibility effect. Finally, in
Experiment 3, all participants completed the approach/avoidance task using the standard
instructions. However, a preceding go/no-go task was introduced to trigger polarity of the
flowers versus insects materials: A third of participants were instructed to press the space
key whenever a flower was presented in this pre-task; another third pressed the space key
whenever an insect was presented. Finally, a third of participants pressed the space key
whenever a piece of furniture was presented. Whereas the latter condition was meant as a
control (such that the approach/avoidance task will yield the typical valence-based
compatibility effect), the two former samples were meant to indirectly induce a polarity

difference.
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Experiment 1

Experiment 1 adapted the basic idea of Mitchell (2004): Two groups of stimuli
were compared: Animals/objects that could swim (swimming stimuli) and
animals/objects that could fly (flying stimuli). Flying stimuli could not swim, and
swimming stimuli could not fly.! Half of the participants were asked to categorize the
stimuli into those that could fly (“Can fly!”’) and those that could not fly (““Cannot fly!”).
The remaining participants categorized the stimuli into those that could swim (“Can
swim!”) and those that could not (“Cannot swim!”). Thus, the stimuli were confirmed or
rejected with equal frequency by all participants. It was predicted that the accepted
stimuli would relatively facilitate approach behavior. We used the manikin task
introduced by De Houwer et al. (2001) for the approach/avoidance assessment (see also
Krieglmeyer & Deutsch, 2010, Paulus & Wentura, 2016).
Method

With regard to transparency and openness see the “Open practices statement” at
the end of the manuscript
Participants

The final sample consisted of 58 participants (n=29 for “fly” and n=29 for
“swim”; 28 males, 30 females; see Design for power planning). Age ranged from 19 to
34 years (Md = 23 years). Data from three more participants were discarded due to

extreme mean response times (three interquartile ranges above the third quartile; Tukey,

! As already noted, Mitchell (2004) compared “Can fly” with “Has teeth” stimuli. We
decided for “Can swim” to replace “Has teeth” to keep the general type of assigned
feature (i.e., “can x”) constant.



APPROACH/AVOIDANCE AND THE POLARITY PRINCIPE 11

1977). (All participants had a mean accuracy above 80%, which was a second a priori
filter criterion; see Experiments 2 and 3.)
Design

We employed a 2 (task: “Can fly!” versus “Can swim!”) x 2 (stimulus type: can
fly versus can swim) x 2 (movement: approach versus avoidance) design with task as a
between-participants factor and stimulus type and movement as within-participants
factors. For the sake of brevity and comprehensibility, we calculated and analyzed
approach scores as dependent variables. That is, we subtracted RTs for approach
movements from RTs for avoidance movements (Paulus & Wentura, 2016). Larger
scores therefore indicate a (relatively) faster approach movement.

The starting point for our power calculations were the stimulus type x movement
interactions within the two samples. That is, we hypothesized that the mean approach
score (see above) for flight stimuli would be larger compared to swim stimuli in the “can
fly” sample; for the “can swim” sample, the pattern should reverse. We conservatively
assume dz = 0.35 (i.e., an effect in between “small” and “medium” according to rules of
thumb by Cohen, 1988) for these within-samples effects, which is plausible in light of
previous studies using the same basic paradigm (e.g., Krieglmeyer & Deutsch, 2010;
Paulus & Wentura, 2016). The contrast between the two samples can then be assumed as
d=0.35-(-0.35) = 0.70. An effect of d = 0.70 can be detected with power 1-3 =.80 (a0 =
.05, one-tailed)? by a sample size of N = 52. To account for potential outliers, we

recruited some more participants.

2 Note, this power planning refers to a #-test for independent samples with the dependent
variable (DV) “approach score for fly stimuli minus approach score for swim stimuli”.
This t-test result (two-tailed) is equivalent to the three-way interaction task x stimulus
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Materials

We used 10 flight and 10 swim items for the main trials and additionally 4 flight
and 4 swim items for the practice trials (see Appendix Table Al). Some of the flight items
were taken from the materials by Mitchell (2004). We selected evaluatively neutral items;
that is, we avoided clearly positive and negative examples. To verify this assessment, we
obtained post-hoc valence ratings for the materials used in the present experiments; the
results are reported in the Appendix.
Procedure

The procedure closely followed the one described in Krieglmeyer and Deutsch
(2010) and Paulus and Wentura (2016): Each trial started with a fixation cross presented
in the middle of the screen. Participants were instructed to press and hold the “5” key on
the number pad as soon as the fixation cross appeared. Triggered by the key press, a
virtual stick figure appeared either below or above the fixation cross. After 750 ms, the
fixation cross was replaced by a word stimulus (positioning of the figure was
counterbalanced, such that the figure appeared above and below each expression equally
often). Participants were instructed to move the figure toward or away from the word by
pressing either the “2” or the “8” key on the number pad three times. Each press of “2”
moved the figure up 20 pixels and each press of “8” moved it down 20 pixels. By
pressing a key, one of the figure's legs was temporarily shortened (alternating between

the two legs), giving the impression that it was walking toward or away from the

type x movement with mean RTs as DV and to the two-way interaction task % stimulus
type with mean approach scores as DV. However, t-test planning allows for a resource-
saving one-tailed o, which is appropriate in our case because our hypothesis is directed.
For the sake of convenience, we nevertheless report ANOVA results in the Results
section, with one-tailed p-values if necessary (see Maxwell et al., 2017).
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emotional expression. After three keypresses, the screen turned blank. Half of the
participants first categorized the words by moving the figure toward words of the target
category and away from words of the non-target category. For the other half of
participants, the instructions were reversed. After half of the trials, the assignment of
movement direction to word categories was reversed. Participants were instructed to react
as quickly and accurately as possible. They received an error message if their reaction
was incorrect. The experiment comprised a total of 160 main trials. There were 16
practice trials, using words not presented in the main trials. The time from word onset
until the first press of “2” or “8” was defined as the RT.
Results

Average accuracy was M = 95.9% (SD = 3.6%). For the response time (RT)
analysis, RTs below 150 ms were excluded, as were RTs more than 1.5 interquartile
ranges above the third quartile of the individual participant’s distribution (Tukey, 1977).
This led to the exclusion of 5.4% of all trials. Table 1 shows average RTs and accuracy
rates as a function of the experimental factors. Approach scores are shown in Figure 1.

In the following section as well as in the Resul/ts sections of Experiment 2 and 3,
we report — for the sake of simplicity — ANOVAs with approach scores as the dependent
variable. Analyses with RTs as the dependent variable (i.e., analyses that additionally
include main effects of task, stimulus type, movement, and the interaction of task and
stimulus type) are reported in Appendix B. Alternatively, in a Supplement, readers will
find linear mixed model (Imm) analyses for all experiments with a full random effects
structure (i.e., random slopes for participants and items). It should be noted that the Imm

analyses are fully consistent with the ANOVA results reported in the main text.
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Analyses of RTs

A 2 (task: “Can fly!” versus “Can swim!”’) x 2 (stimulus type: can fly versus can
swim) mixed-design ANOVA for repeated measures with approach scores as the
dependent variable® yielded the expected significant interaction, F(1, 56) = 29.90, p <
001, np? = .348 (d = 1.44). (F[1, 56] = 6.20, p = .016, np> = .100 and F[1, 56] =2.62, p =
111, np? = .045 for the main effects of stimulus type and task, respectively). In the “Can
fly!” sample, the approach scores for fly stimuli are larger than the approach scores for
swim stimuli, #28) =3.67, p =.001, dz= 0.68. For the “Can swim!” sample, the pattern
was reversed; the difference between approach scores was significant as well, #(28) = -
4.35,p<.001, dz=0.81.

To anticipate the discussion, we added the following exploratory analyses: to see
whether the approach/avoidance effect changes over the course of the experiment, we
analyzed the first and second blocks of the participants in 2 (fask: “Can fly!” versus “Can
swim!”) x 2 (instruction: can fly=approach versus can swim=approach) ANOVAs with
both factors as between-participants factors and mean block RTs as the dependent
variable. The difference in mean RTs between samples with matching assignments
according to the polarity principle (i.e., “Can fly!” plus “can fly=approach” and “Can
swim!” plus “can swim=approach”) to those with non-matching assignments was 161 ms

in the first block, F(1,54)=10.51, p =.002, n,*> = .163, for the interaction, and 91 ms in

3 Analyses with RTs as dependent variable (i.e., analyses that additionally include main
effects of task, stimulus type, movement, and the interaction of task and stimulus type)
are reported in Appendix B. This holds for all experiments.

14
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the second block, F(1,54) =6.42, p =.014, np> = .106, for the interaction. Thus, if at all,
the pattern is a bit stronger in the first block.*
Analyses of accuracy rates

For accuracy rates, a 2 (fask: “Can fly!” versus “Can swim!”) x 2 (stimulus type:
can fly versus can swim) mixed-design ANOVA for repeated measures with approach
scores as dependent variable’ yielded a significant interaction as well, F(1,56)=17.51,
p <.001, np? = .238 (F[1, 56] = 8.39, p = .005, np> = .130 and F < 1 for the main effects of
stimulus type and pre-task, respectively). For both groups, the pattern of approach scores
corresponds to the RT results, that is, the approach score for fly stimuli numerically
exceeded that for swim stimuli in the “Can fly!” sample, but was lower in the “Can
swim!” sample. The difference was statistically significant in the “Can swim!” sample,
1(28)=-3.94, p <.001, dz=0.73 (1[28] = 1.47, p = .154, dz = 0.27 for “Can fly!” sample).

Discussion

The results were clear-cut: Simply affirming membership in a category is
consistent with an approach rather than an avoidance response. The effects within the
subsamples were as predicted: If participants had to affirm the ability to fly, flight stimuli
were easier to approach than to avoid; if participants had to affirm the ability to swim,
swim stimuli were easier to approach than to avoid. That is, the very same stimuli

produced divergent patterns as a consequence of the task.

* Since response assignments change within participants from first to second block, we
cannot use the within-participants factor block (first vs. second) to test whether the
interaction pattern is of different size in the two blocks. If we treat, however, the first and
second block results as independent data units (i.e., double our sample) and therefore as a
further “between-participants” factor, we obtain F(1,108) =1.30, p =.257, np*> = .012, for
the moderation of the interaction pattern by block.

5 The approach score for accuracy is accuracyowards — aCCUraCyaway-
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We explain this result in line with the polarity correspondence principle (Proctor
& Cho, 2006): “yes” and “approach” are both + polar and “no” and “avoidance” are both
— polar; correspondence of polarities results in faster responses. This explanation makes
no reference to motivation or valence. However, we have to discuss whether it is still
possible to reconcile the result with the standard explanations (i.e., the motivational
distance regulation account and the evaluative coding account).

What is common to the standard interpretations of approach/avoidance effects?
Stimuli elicit their affective connotation; this leads to either a motivational
match/mismatch (motivational account) or an affective match/mismatch (evaluative
coding approach) with response modes. Note that it is not the standard interpretation to
assume that stimuli are merely the vehicle for eliciting a positive versus negative
categorization and that it is this categorization that matches/mismatches with response
modes. Thus, to reconcile the yes/no results with the standard interpretations would be to
argue that yes/no categorizations transform initially neutral stimuli into positive versus
negative stimuli and that this acquired affective connotation drives the effect. Beside
arguing with Ockham’s razor — it is simply the more complex story to assume that the
acquired affective connotation drives the effect — we can even empirically argue against
that: If acquired affective connotation drives the effect, we should find a stronger
interaction in the second block of trials (or at least a hint to that) because it might need
some yes/no responses to change the valence of stimuli. Our exploratory analysis of first
and second block (see Results) shows that this is not the case. If at all, the pattern is a bit

stronger in the first block.
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The materials in Experiment 1 were (approximately) neutral; notably, the two sets
did not differ in valence (see Appendix). In Experiment 2, we will compare a positive
with a negative word set. The typically observed effect is that the positive category
relatively facilitates approach, whereas the negative category relatively facilitates
avoidance. How will a polarity asymmetry varying orthogonally to valence change the
pattern of results? We expected that making the positive category the target category
would enhance the typical approach effect, whereas making the negative category the
target category would diminish it.

Experiment 2

Experiment 2 is a replication of Experiment 1, now with evaluatively connoted
materials. We used the categories flowers and insects, which have been successfully used
in previous studies to demonstrate the basic effects of indirect valence evaluation (e.g.,
Greenwald et al., 1998; Meissner & Rothermund, 2013; Yamaguchi et al., 2018). To
show the default approach/avoidance effect, we added a control sample that performed a
standard approach/avoidance task (i.e., participants were instructed to categorize items as
either a flower or an insect using the toward/away response modes).
Method

With regard to transparency and openness see the “Open practices statement” at
the end of the manuscript
Participants

The final main sample consisted of 59 participants (n=29 for the “flower” sample,

n=30 for the “insect” sample; 27 males, 32 females). Age ranged from 18 to 31 years (Md

17
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= 22 years). Data from one additional participant was discarded because of an accuracy
rate below 80%. (There were no outliers regarding mean response times.)

The control sample consisted of 33 participants (15 males, 18 females). Age
ranged from 18 to 30 years (Md = 23 years). Data from four additional participants was
discarded because of an accuracy rate below 80% (n=2) or because of extreme mean
response times (three interquartile ranges above the third quartile; Tukey, 1977; n=2).

We kept the same power calculation as in Experiment 1 for the contrast between
the two main samples with regard to the 2 (stimulus type) x 2 (movement) interaction; it
was assumed to be d = .70 (see Design section of Experiment 1). With regard to the
control sample, Krieglmeyer and Deutsch (2010) found, using the manikin task, dz=1.02
with positive and negative words and dz = 0.50 with pictures of spiders versus butterflies.
To detect dz = 0.50 with power 1-3 = .80 (a0 = .05, one-tailed), a minimal sample size of
N =27 was needed. (Factual power with N = 33 was dz = 0.88.)

Design, Materials, and Procedure

For the main sample, we employed a 2 (task: “Is flower!” vs. “Is insect!”) x 2
(stimulus type: flower versus insect) x 2 (movement: approach versus avoidance) design,
with task as a between-participants factor and stimulus type and movement as within-
participants factors. The control sample followed the 2 (stimulus type: flower versus
insect) X 2 (movement: approach versus avoidance) design. We used 10 flowers and 10
insects for the main trials and additionally 4 flowers and 4 insects for the practice trials
(see Appendix, Table A2). As expected, flowers were indeed evaluated as positive,

insects as negative in our post-hoc validation study (see Appendix).
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The procedure for the main samples was the same as in Experiment 1, except that
the affirmation instructions were now “Is flower! vs. is not flower!” and “Is insect! vs. is
not insect!”, respectively. The control sample received standard instructions, that is,
participants were instructed to categorize stimuli as flowers versus insects.

Results

Average accuracy was M = 95.5% (SD = 4.0%) and M = 97.2% (SD = 2.3%) for
the main sample and the control sample, respectively. For the response time (RT)
analysis, RTs below 150 ms were excluded, as were RTs more than 1.5 interquartile
ranges above the third quartile of the individual participant’s distribution (Tukey, 1977).
This led to the exclusion of 3.5% and 4.5% of all trials for the main sample and the
control sample, respectively. Table 2 shows average RTs and accuracy rates as a function
of the experimental factors. Approach scores are shown in Figure 2.

Analyses of RTs

For the control sample, the difference in the approach scores for flowers and
insects was significant, #(32) = 2.60, p = .014, dz = 0.45. Thus, the control condition
yielded the typical effect that is routinely interpreted as a valence effect.

For the main samples, a 2 (task: “Is flower!” versus “Is insect!”) % 2 (stimulus
type: flower versus insect) mixed-design ANOVA for repeated measures with approach
scores as dependent variable yielded a significant interaction, F(1, 57) = 25.08, p <.001,
np> =.306 (d =1.30; F[1, 57] = 8.06, p = .006, np> = .124 and F' < 1 for the main effects
of stimulus type and pre-task, respectively).

For the flower task, the difference between the approach scores for flowers and

insects was significant, #(28) = 4.45, p <.001, dz = 0.83; it was significantly larger than
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the corresponding difference in the control sample, #33.72) = 3.45, p =.002, d = .92. For
the insect task, the pattern was reversed; the difference was significant, #(29) =-2.21, p =
.035, dz = 0.40; it was significantly smaller than the corresponding difference in the
control sample, #46.67) =3.21, p =.002, d = 0.83.

Analyses of accuracy rates

For the control sample, the difference in the approach scores for flowers and
insects was significant, #(32) = 3.81, p <.001, dz = 0.66. For the main samples, a 2 (task:
“Is flower!” versus “Is insect!”) x 2 (stimulus type: flower versus insect) mixed-design
ANOVA for repeated measures with approach scores (i.e., accuracyiowards — aCCUraCyaway)
as dependent variable yielded a significant interaction as well, F(1,57)=10.26, p =.002,
np> =.153 (F[1, 571 =4.83, p=.032, np*> = .078 and F(1,57) =4.26, p = .043, n,* = .070
for the main effects of stimulus type and task, respectively). For both groups, the pattern
of approach scores corresponds to the RT results, that is, the approach score for flowers
exceeded that for insects in the flower task sample, but was lower in the insect task
sample.

For the flower task, the difference between the approach scores for flowers and
insects was significant, #(28) = 4.08, p <.001, dz = 0.76; it was, however, not
significantly larger than the corresponding difference in the control sample, #46.08) =
1.57, p=.122, d = 41. For the insect task, the pattern was reversed; the difference was,
however, not significant, #(29) = 0.67, p = .507, dz = 0.12; it was significantly smaller
than the corresponding difference in the control sample, #(44.08) =2.36, p =.023,d =
61.

Discussion
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Our control sample yielded exactly the expected stimulus type x movement
interaction that was predicted by traditional theories of the approach/avoidance paradigm:
The more positive category (i.e., flowers) yielded the larger approach score compared to
the more negative category (i.e., insects). This effect can either be explained by
motivational distance regulation or by evaluative coding (see Introduction).

Our simple manipulation to frame the task as an affirmation versus negation task
indeed shows that manipulated polarity influences the compatibility effect dramatically:
If participants have to categorize “yes [a flower]” versus “no [not a flower]”, the pattern
found in the control sample is significantly increased. However, if participants have to
categorize “yes [an insect]” versus “no [not an insect]”, the pattern significantly reversed
compared to the control sample.

Of course, one might argue that affirmation and negation are evaluatively loaden
response formats and that the results pattern caused by the experimental manipulation is
evoked by affective compatibility between the internally generated categorization “yes
[positive]” versus “no [negative]” and toward versus away movements, respectively.

Indeed, our general argument is that polarity correspondences potentially play a
role in the classical approach/avoidance paradigm; in order to provide a proof of concept,
however, we altered the task instructions (from “if flower, then ...” vs. “if insect, then
...” to the “yes”/*no” format) and thereby potentially the task itself. A crucial step now is
to show that even with exactly the same task instructions, the effects can be altered by
manipulating the polarities in a phase preceding the approach/avoidance task.

Experiment 3
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In Experiment 3, we tested whether polarity correspondence in the
approach/avoidance task could be indirectly induced by a preceding task. That is, in
Experiment 3, the approach/avoidance task was introduced and conducted in exactly the
same way in all samples, that is, the categorization task is described as categorizing
“flowers” versus “insects” to all participants. A pre-phase, however, consisted of a go/no-
task task, presenting items from the categories of flowers, insects, and — as a control —
furniture. Depending on condition, participants were instructed to press the space key
whenever a flower, an insect, or a piece of furniture, respectively, was presented. All
other stimuli should be ignored.

Method

With regard to transparency and openness see the “Open practices statement” at
the end of the manuscript
Participants

The final sample consisted of 107 participants (n=38, n=33, and n=36 for
“flower”, “insect”, and “furniture”, respectively; 35 males, 72 females). Age ranged from
18 to 51 years (Md = 25.0 years). Data from three more participants were discarded, in
one case because of extreme mean response times (three interquartile ranges above the
third quartile; Tukey, 1977) and in two cases because of an accuracy rate below 80%.

Our power planning focused again on the comparison of the two samples aimed to
inducing asymmetries in the approach/avoidance task, that is, the “flower” versus the
“insect” sample. Since the approach/avoidance task was now completely the same for all
samples and any difference must be due to a carry-over from the pre-task, we expected a

reduced contrast in comparison to Experiment 1 and 2 (d = .60 instead of d = .70). Our
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sample sizes of Nriower = 38 and Nisect = 33 for the decisive comparison allowed to detect
an effect of d = .60 with power 1-3 = .80 (a0 = .05, one-tailed). The effect in the control
sample of Experiment 2 was a bit smaller (dz = 0.45) than those in Krieglmeyer and
Deutsch (2010; see the Participants section of Experiment 2). To detect dz = 0.45 with
power 1-B = .80 (o0 = .05, one-tailed), a sample size of N = 32 was needed.
Design

We employed a 2 (pre-task: flower vs. insect vs. furniture) x 2 (stimulus type:
flower versus insect) X 2 (movement: approach versus avoidance) design with pre-task as
a between-participants factor and stimulus type and movement as within-participants
factors.
Materials

We took the same flower and insect stimuli as in Experiment 2, except for
changing one insect item (see Appendix). For the pre-task, we added 10 furniture items.
See Appendix Table A2 for the materials and their validation.
Procedure

In the pre-task, participants were presented with stimuli from the three categories
of flowers, insects, and furniture. Depending on group, they were instructed to press the
space key in case of (a) a flower, (b) an insect, or (c¢) a piece of furniture (i.e., pre-task
samples flower, insect, or furniture, respectively). All other stimuli should be ignored.
There were 120 trials, that is, each stimulus word was presented four times.

Subsequently, the approach/avoidance task was exactly the same for all three
samples. That is, movement responses were now assigned to flowers and insects. In all

other aspects, the task was the same as in Experiment 2.
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Results

Average accuracy was M = 96.6% (SD = 3.3%). For the response time (RT)
analysis, RTs below 150 ms were excluded, as were RTs more than 1.5 interquartile
ranges above the third quartile of the individual participant’s distribution (Tukey, 1977).
This led to the exclusion of 4.52% of all trials. Table 3 shows average RTs and accuracy
rates as a function of the experimental factors. Approach scores are shown in Figure 3.
Analyses of RTs

A 2 (pre-task: furniture vs. flower vs. insect) x 2 (stimulus type: flower versus
insect) mixed-design ANOVA for repeated measures with approach scores as dependent
variable yielded a significant interaction, F(2, 104)=4.93, p =.009, n,> = .087 (F[1,
104] =4.56, p = .035, np*> = .042 and F < 1 for the main effects of stimulus type and pre-
task, respectively). The first Helmert contrast of the interaction (i.e., furniture pre-task vs.
the mean of the remaining groups) was not significant (p = .523), whereas the second
contrast (i.e., flower vs. insect pre-tasks) — that is, the decisive contrast for our hypothesis
— was significant (p = .003; d = .697).

For the furniture pre-task (i.e., the control condition), the difference between the
approach scores for flowers and insects was significant, #35) =2.02, p = .026 (one-
tailed), dz = 0.34. Thus, as in Experiment 2, the control condition yielded the typical
effect that is routinely interpreted as a valence effect. For the flower pre-task, almost the
same result as for the control condition was found (see Table 3); the difference between
the approach scores for flowers and insects was significant, #37) =2.71, p =.010, dz =
0.44. For the insect pre-task, the pattern numerically reversed; the difference, however,

was not significant, #(32) =-1.39, p=.173, dz=0.24.
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Analyses of accuracy rates

For accuracy rates, a 2 (pre-task: flower vs. insect vs. furniture) x 2 (stimulus
type: flower versus insect) mixed-design ANOVA for repeated measures with approach
scores as dependent variable (i.e., accuracyowards — aCCUracyaway) yielded a significant
interaction as well, F(2, 104) =7.18, p =.001, np? =.121 (F[1, 104] = 6.42, p = .013,
np> = .058 and F < 1 for the main effects of stimulus type and pre-task, respectively). For
all three groups, the pattern of approach scores corresponds to the RT results, that is, the
approach score for flowers numerically exceeded that for insects in the furniture pre-task
and flower pre-task samples, but was lower in the insect pre-task sample. The results
were statistically significant for the flower pre-task sample, #(37) =3.67, p < .001, dz=
0.59 (1(35)=1.36,p =.182,dz=0.23 and #(32) =-1.48, p = .149, dz = 0.26, for the
furniture pre-task and insect pre-task, respectively).

Discussion

Our study yielded a clear result. For the control sample (i.e., the sample that
detected furniture words in the pre-task), we found the typical approach/avoidance
pattern for positive (here: flowers) versus negative (here: insects) stimuli: The approach
score for positive stimuli exceeds that for negative stimuli. Almost the same result was
found for participants who had to detect flowers in the pre-task. Most importantly,
however, for those who had to detect insects in the pre-task, the difference in approach
scores for flowers and insects numerically reversed (and was significantly different from
that in the two other conditions). Though not significant from null, this reversal indicates

a relative positivity of insects, if traditionally interpreted.

25



APPROACH/AVOIDANCE AND THE POLARITY PRINCIPE 26

In absolute terms, the approach scores in the control condition are asymmetric,
that is, whereas — at first glance — flowers seem to facilitate approach movements relative
to avoidance movements, insects seem to behave more-or-less neutral with regard to the
movement types. However, to adequately evaluate this asymmetry, we have to take into
account that the specific movement behaviors (beyond any stimulus content) are
associated with slightly different response times. In Paulus and Wentura (2016), we
estimated this difference as 20 ms in favor of the “towards” movement.® The 95% CI for
the approach score of flowers in the furniture pre-task and the flower pre-task samples as
well as the 95% CI for the approach score of insects in the insect pre-task sample did not
include 20 ms. Thus, with some caution, we can interpret these values as indicating
facilitated approach beyond mere execution differences. The remaining approach scores
(i.e., those for insects in the furniture pre-task and flower pre-task samples, as well as the
one for flowers in the insect pre-task sample) did include the 20 ms criterion. Thus, these
categories can be considered as rather neutral with regard to the behaviors.

In the Discussion section of Experiment 1, we discussed whether standard
interpretations of approach/avoidance effects could account for our results. Since these
interpretations are based on the valence of the stimuli, we needed to discuss whether the
yes/no manipulation changed these valences. Since we changed the basic manipulation in
Experiment 3, we should discuss this issue again. The devil's advocate's hypothesis here

is that stimuli belonging to the go category of the pre-task become positive because of the

6 In Experiments 3 and 4 in Paulus and Wentura (2016), baseline trials were included to
obtain an estimate of the how much faster approach reactions are generally executed
relative to avoidance reactions. In these baseline trials, participants responded to arrows
pointing upward or downward by moving the virtual figure in the respective direction
(see Krieglmeyer & Deutsch, 2013). Approach reactions were on average 20 ms (SE 4
ms) faster than avoidance reactions.
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preceding go responses. Then, in the approach/avoidance task, the valence of the stimuli
(and not the polarity induced by the go/no-go task) causes the typical approach/avoidance
effect. We can focus on the comparison between the control sample (pre-task “furniture”)
and the sample with the pre-task “insect”. If the valence of the stimuli is decisive, then
the approach/avoidance effect in the control sample is driven by the fact that the
probability of the flower stimuli eliciting positive affect is overall (i.e., across
participants, across flower exemplars, across trials) quite high, as is the probability of the
insect stimuli eliciting negative affect. The norm ratings (see Appendix of the manuscript)
are a proxy for these probabilities. If the valence of the stimuli is crucial, how should we
explain then the approach/avoidance effect in the “insect” pre-task sample? Should we
assume that flowers became negative because they were no-go stimuli in the pre-task?
This is not very plausible. Should we assume that insects became positive to such an
extent that the probability of eliciting a positive affect greatly exceeds that of flowers?
Again, this is not very plausible.
General Discussion

With three experiments, we showed the importance of the polarity correspondence
principle (Proctor & Cho, 2006) for the approach/avoidance paradigm. When participants
plausibly process the categories of a binary categorization task asymmetrically — that is,
either by instructing a yes/no treatment (Experiments 1 and 2) or having them go through
a go/no-go phase preceding the approach/avoidance task (Experiment 3) — performance
in the approach/avoidance task fits the hypothesis that + polarities (i.e., the yes or go

categories) relatively facilitate approach responses.
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There are two interpretations of the meaning of these results. The weak
interpretation is that polarity correspondence effects add to effects caused by valence or
motivational relevance. This is, for example, the straightforward interpretation of
Experiment 2. Here, we found an approach/avoidance result in the control sample that
will be typically interpreted as a valence-based effect: flowers (i.e., the supposedly
positive category) relatively facilitate approach over avoidance; this does not hold for
insects (i.e., the supposedly negative category). The yes/no instructions in the
experimental samples cause an additive effect: The approach facilitation of flowers found
in the control sample increased if flowers were made the yes category; it decreased
(roughly to the same extent) if insects were made the yes category.

The stronger interpretation is that it is the polarity of valence that causes
approach/avoidance effects and not the valence itself. The results of Experiment 3 can be
easily explained in this way (which does not mean that the results must necessarily be
interpreted in this way): If in the binary categorization of flowers versus insects, flowers
are the + polarity, a simple strategy of inducing polarity by making flowers the go
category in the phase before the approach/avoidance task changes nothing. If, however,
insects were made the go category, the natural polarity is temporarily altered; hence a
(numerically) reversed approach/avoidance effect appeared.

Polarity correspondence versus affective compatibility

Is the pattern of results caused by the yes/no manipulation due to affective
compatibility between the internally generated categorization “yes” (positive) vs. “no”
(negative) and the approach (positive) vs. avoidance (negative) movements? In principle,

the same argument could be made for Experiment 3: According to this argument, the
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go/no-go pre-task does not cause an (affectively neutral) polarity asymmetry, but rather a
restructuring of the flower versus insect task as “yes, flower [insect]” versus “no, no
flower [insect]”. Then we can apply the same argument of affective compatibility
between the internally generated categorization “yes” (positive) versus “no” (negative)
and toward versus away movements as in Experiments 1 and 2.

Before discussing this possibility, we should note that this is not a version of the
evaluative coding approach (Eder & Rothermund, 2008). The evaluative coding approach
focuses on the match between stimulus evaluations and response evaluations. The
affective compatibility argument instead focuses on category evaluations. In this regard,
the affective compatibility argument has more similarity with the polarity correspondence
principle.

To put the affective compatibility argument in context, we should recall our
introductory example of polarity correspondence, that is, the above/below classification
with right/left responses. Recall that Weeks and Proctor (1990) found that there is a speed
advantage when “above” is paired with the right response and “below” with the left
response. There are three ways to discuss the structural similarity between our results and
those of Weeks and Proctor. First, we can concede that there is a similarity of explanation
for the approach/avoidance task with the above/below task: matching versus non-
matching of response codes determines RT differences. However, we would argue that
the two patterns have different origins: an affectively neutral polarity correspondence
principle operates in the above/below case, whereas affective compatibility of response

codes operates in the approach/avoidance task. Possible, but not very parsimonious.
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Second, we can subsume our approach/avoidance results under the more general
principle of polarity correspondence, thereby abandoning the role of affect in the
approach/avoidance task. Third, we can speculate whether polarity correspondence in
general is in fact affective compatibility: for example, “above” and “right” might be
considered affectively positive whereas “below” and “left” might be considered
affectively negative. If so, the polarity correspondence principle is enriched by the idea
that affective congruence versus incongruence (at the category level) underlies
compatibility effects. However, it may turn out that this would stretch our concepts of
positive and negative affect. Thus, for the moment we leave open which of the three
possibilities comes true; however, possibility #1 has the clear disadvantage of not being
parsimonious.

Magnitude differences between different versions of the approach/avoidance task

A potential argument against a strong version of our polarity argument (see
above) is to focus on differences in the magnitude of approach/avoidance compatibility
effects obtained with different methods. For example, Rougier et al. (2018) developed a
new approach/avoidance procedure that shows particularly clear effects. Specifically,
they introduced the Visual Approach/Avoidance by the Self Task (VAAST). Target
stimuli are presented on a three-dimensional background. Key presses trigger a
movement of background and stimulus that “create[s] the impression that the whole self
i1s moving toward or away from the stimuli” (p. 43). Indeed, the VAAST produced
stronger effects than either the manikin task (Exp. 1) or an “action-on-the-stimulus” task
(i.e., a version similar to the VAAST but lacking some of the features of the VAAST that

the authors consider particularly important for finding a strong compatibility effect; Exp.
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2). The authors attribute the differences to differences in sensorimotor information and
thus to aspects far removed from considerations of structural asymmetries as provided by
the polarity correspondence principle.

We acknowledge that the authors' arguments are quite convincing. More
importantly, there are currently no empirical arguments for or against the following
speculations. Nevertheless, we can say that the polarity correspondence can at least allow
for post hoc explanations of differences between tasks.. These speculations are based on
the probabilistic nature of experimental tasks. What we mean by this is that if two
roughly comparable tasks (e.g., VAAST and the manikin task) that differ by a feature A
(i.e., the amount of sensorimotor information), are associated with effects of different
magnitude, it is not necessarily the case that an internal process is stronger when feature
A is present than when it is absent. Typically, it is sufficient to assume that the
probability of a particular process is increased. Here it is the probability that a given
participant will involuntarily code an A vs. B task as + polar versus — polar (or, in
roughly comparable terms, as “yes, A” vs. “no, not A”. Thus, it may be that some
approach/avoidance realizations elicit a more pronounced polarity asymmetry than
others.

Thus, in principle, it could be argued that the VAAST, with its feature of “giving
the visual impression of walking forward or backward as a result of these actions”
(Rougier et al., 2018, p. 46), could provide a clearer asymmetry than either the manikin
task or the action-on-stimulus task. And we should add: a clearer and more unambiguous
asymmetry. Binary tasks may be symmetric and therefore will not elicit polarity

correspondence effects. However, there may be binary tasks that are associated with



APPROACH/AVOIDANCE AND THE POLARITY PRINCIPE 32

individual differences in polarity asymmetries, that is, some participants may
involuntarily process an A vs. B task as “yes, A” vs. “no, not A” while others may
encode it as “yes, B” vs. “no, not B”. Again, this will show up as significantly reduced
compatibility effects or even null effects.

Some illustrative reinterpretations

On the basis of our experiments, we cannot decide in favor of the weak or the
strong interpretation. However, we do not claim to defend the strong hypothesis. That is,
we concede the motivational and evaluative coding explanations. But even the weak
interpretation, that is, the “addition hypothesis”, introduces some caveats into
approach/avoidance studies. In the following, we want to give illustrative examples to
show how the polarity correspondence principle might shed new light on prior results.
The selected studies are, as previously said, examples; that is, they are rather arbitrarily
chosen. It is not that they are particularly vulnerable to criticism. In fact, we do not claim
that the interpretation of the approach/avoidance results favored by the authors must be
wrong. We simply want to show that the polarity viewpoint sheds a new perspective on
the studies.

Participants in the study by Mogg et al. (2003) were instructed to categorize
pictures as smoking-related versus non-smoking-related. Both smokers and non-smokers
were faster if smoking-related pictures were assigned to the approach response and non-
smoking-related pictures to the avoidance response compared to the reversed assignment;
for smokers, this effect was larger. This result was interpreted as revealing individual
differences in motivational disposition towards smoking-related stimuli. Though

plausible, the interpretation can be questioned with reference to the polarity principle.
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The general effect described above (i.e., the effect across groups) might alternatively be
interpreted as the compatibility of the affirmative categorization (“Yes, a smoking-related
item”; + polarity) with approach behavior. If so, one might additionally interpret the
difference between smokers and non-smokers as a difference in the extremity of the
polarity asymmetry, in the sense: It is more obvious for smokers to divide items into
smoking-related versus non-smoking related.

Fishbach and Shah (2006) presented targets related to fitness (e.g., slim, shape,
gym, and muscles) versus targets related to fattening food (e.g., chocolate, cake, sweets,
and butter) to dieters (i.e., those who held the goal of losing weight) versus non-dieters.
Participants had to categorize targets accordingly (i.e., “food category” vs. “fitness
category”). Dieters and non-dieters showed opposite response patterns: Dieters were
faster if fitness items were categorized by approach and fattening food by avoidance than
when they were categorized the other way around. For non-dieters, the pattern was
reversed (albeit less pronounced). Of course, an interpretation in terms of “a tendency to
approach goals and avoid temptations among individuals who experience self-control
conflict” (p. 826) is immediately plausible. Nevertheless, the result is open to a re-
interpretation in terms of polarity: Dieters might structure the set of items in a different
way (“Yes, a fitness-related item”; + polarity vs. (“No, not a fitness-related item”; —
polarity) than non-dieters.

Spruyt et al. (2013) administered an “alcohol versus non-alcohol”
approach/avoidance task (a manikin task, as in our experiments) to abstaining alcohol-
dependent patients and controls. In one block, participants were asked to make the

manikin approach alcohol-related pictures (e.g., a glass of beer) and to avoid alcohol-
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unrelated pictures (e.g., a glass of water). In another block, participants were asked to
avoid alcohol-related pictures and to approach alcohol-unrelated pictures. Interestingly,
controls showed faster responses in the approach/alcohol block whereas patients showed
faster responses in the approach/non-alcohol block. Even more interesting, within the
patient group, the bias to approach non-alcohol (or: to avoid alcohol) positively predicted
relapse within 3 months. This is a strange pattern if exclusively seen from the angle of
motivational tendencies: Why is the probability of relapse higher for those who seem to
have the best starting point for an alcohol-free life, that is, those who tend to avoid the
alcohol items? We do not claim that the polarity correspondence principle delivers a
simple, straightforward explanation. Nevertheless, it is immediately evident why controls
showed an approach bias towards alcohol items: It is not (or not necessarily) the case that
this effect indicates a proneness to alcohol consumption; it might simply be the result of
framing the task in an asymmetrical way of categorizing items as “yes (alcohol)” versus
“no (no alcohol)”. Compared to that, we can state that the patients show an atypical way
of structuring the task. We know from our experiments that the polarity of a binary
categorization can be temporarily changed in a rather easy way. It is therefore not
surprising per se to see that persons who participated in the study in a different state than
controls — they knew that they were participating because of their alcohol problem —
structured the task differently. Seen from this angle, it might not be very surprising that
those who tend to behave in the task in a similar way as the controls have a lower
probability of relapse. Again, this is not a complete explanation, but taking away the

motivational background from the task makes the result less surprising.
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The polarity correspondence principle and non-evaluative versions of the
approach/avoidance paradigm

So far, we have only considered the most common version of the
approach/avoidance paradigm, that is, the version in which the dichotomy of interest (i.e.,
positive vs. negative, flowers vs. insects, fitness vs. food, etc.) is task-relevant (i.e.,
stimuli must be categorized by approach/avoidance response according to this
dichotomy). A considerable number of studies have tested whether the typical
approach/avoidance effect (i.e., faster responses when positive [negative] stimuli have to
be approached [avoided] compared to the reverse assignment) is still present when
valence stimuli have to be categorized according to a feature that varies orthogonal to
valence (e.g., noun vs. adjective in the case of word stimuli, Krieglmeyer & Deutsch,
2010, Exp. 2). We will refer to it, following Laham et al. (2015), as the non-evaluative
version of the approach/avoidance paradigm. For a long time, the results were considered
inconsistent, and a meta-analysis by Phaf et al. (2014) questioned the existence of this
effect. A more comprehensive meta-analysis by Laham et al. (2015), however, confirms
the existence of an approach/avoidance effect in the non-evaluative version of the
paradigm.

Can the polarity correspondence principle explain these effects as well? In
principle, yes, since the polarity correspondence principle is about stimulus-response
compatibilities, and if we think of positive and negative valence as + and - polarities, then
the correspondence principle should apply to these versions of the approach/avoidance
paradigm as well. To refer to an analog: Proctor and Cho (2006) discuss the well-known

SNARC effect (Dehaene et al., 1993) as an example of the polarity correspondence
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principle. Participants had to categorize the parity of digits; responses were faster when
large (small) digits had to be categorized by the right (left) response key than when the
assignment was reversed. Traditionally, the SNARC effect has been attributed to the
correspondence between the location of a number on a “mental number line” (with
numbers ordered from left to right) and the response mode. Proctor and Cho, however,
argue that the SNARC effect may be a consequence of coding “large” and “right” as +
polarity and “small” and “left” as — polarity. Note the structural similarity of the SNARC
experiment to a non-evaluative approach/avoidance experiment: There is a binary
categorization task in both cases (i.e., odd/even; noun/adjective) that is orthogonal to the
stimulus dichotomy of interest (i.e., large/small, positive/negative) and that is assigned to
response modes (i.e., right/left, approach/avoidance) in a counterbalanced design.

A potential weakness of this argument might be that it neglects the third
dichotomy — in the case of the SNARC effect, the parity judgment; in the case of
approach/avoidance, e.g., the noun/adjective judgment — in its potential influence on
polarity correspondences. A recent non-evaluative approach/avoidance study by Pillaud
and Ric (2022) is instructive in this regard. In each trial they presented an audio-visual
stimulus pair. To begin with their Experiment 2 (two-target condition)’, the visual
stimulus was a series of geometric shapes containing either a square or a diamond, which
participants had to categorize accordingly by approach/avoidance responses. The visual
stimulus was accompanied by a positive or negative auditory word; valence was varied

orthogonally to the shapes. They did indeed find a valence-based approach/avoidance

7 Experiment 2 of Pillaud and Ric (2022) had a between-participants factor “target type”;
here, we refer to the two conditions as two distinguishable experiments: “Experiment 2
(two-target condition)” and “Experiment 2 (one-target condition)”.
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effect in this non-evaluative version of the paradigm (i.e., responses were faster on
approach [avoidance] trials with positive [negative] words compared to the reversed
pairings).

Interestingly, they did not find this effect in two other experiments characterized
by a clearly asymmetric task: In Experiment 2 (one-target condition), the visual stimulus
was again a series of geometric shapes, but this time it either contained a critical stimulus
(square or diamond, depending on the sub-sample) or not; participants had to categorize
accordingly by approach/avoidance responses. In Experiment 1, instead of the shapes, a
series of random letters was presented, either containing a capital letter or not; again,
participants had to categorize accordingly by approach/avoidance responses. Thus, in
both experiments, the task was of a clear yes/no type, that is, a task that can easily be
interpreted as a polarity asymmetry task. And indeed, in both experiments there was a
main effect of response assignment: responses were faster in the
yes=approach/no=avoidance block than in the yes=avoidance/no=approach block.® Thus,
the authors observed the same pattern as we did in our Experiment 1, a pattern that can be
easily explained by polarity correspondence. Of note, valence interacted with the yes/no
factor: responses were faster when “yes (target present)” responses were accompanied by
positive words or “no (target absent)” responses were accompanied by negative words
compared to the reverse pairings. Pillaud and Ric (2022) provided an exciting
explanation in terms of the informational value of affect, which we do not want to refute

here. However, it should be noted that polarity correspondence can also explain this

8 Pillaud and Ric (2022) did not report inferential statistics for this specific main effect in
Experiment 2 (one-target condition); however, a reanalysis of their data confirms the
effect.
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pattern: yes/positive and no/negative is certainly a polarity correspondence. Thus, in
these experiments three asymmetric dichotomies were involved: yes/no,
approach/avoidance, positive/negative. For two of three combinations, polarity
correspondence effects were found: yes/no with approach/avoidance and yes/no with
positive/negative; the third combination (i.e., approach/avoidance with positive/negative)
does not show up in the RTs, potentially because the yes/no dichotomy is the most salient
asymmetry in this setting.

Returning to Experiment 2 (two-target condition), since the target task is
(comparatively) symmetric (“square or diamond?”), the polarity correspondence of
positive/negative with approach/avoidance may influence RTs. Note that Krieglmeyer
and Deutsch (2010) — the other non-evaluative study that we mentioned here — used a
(comparatively) symmetric task as well (“noun or adjective?”).

Constraints on Generality

One question we cannot answer with the present study is whether its results will
be found with other types of stimuli. We have simply applied the basic idea of polarity
correspondence to the approach-avoidance paradigm in simple and straightforward forms,
and found results that are compatible with this basic idea, and that are not — as far as we
can see — easily compatible with other theoretical approaches to the task.

The participants in our study were students at the University of Saarland,
Germany, and therefore human. As our theoretical considerations and hypotheses relate
to general human cognitive processes, this gave us the opportunity to test and possibly

falsify our claims. For the moment, they have passed the test. This statement should not
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be confused with the statement (incorrect and not supported by us) that our results
generalize to other human subpopulations.
Conclusion

In conclusion, we have shown that responses in the approach/avoidance paradigm
can at least be partly determined by polarity correspondence, that is, by the match
between approach behavior and the + polarity of the binary categorization. We have
shown that the + polarity can be rather easily manipulated, with tremendous effects on
the pattern of results. Since the manipulations have plausibly not altered the valence of
categories or their motivational relevance, we established a principle for explaining
approach/avoidance effects that should be taken into account if these effects are routinely
interpreted in terms of valence or motivational relevance.

Transparency and openness

We report how we determined our sample size, any data exclusions, all
manipulations, and all measures in this study. The data for all experiments are available
on the Open Science Framework (OSF). These files can be accessed via the following

link: https://osf.io/4m97r (Wentura & Paulus, 2024, July 10). These experiments were

not preregistered. Data collection took place in 2016 (Exp. 1), 2017 (Exp. 2), and 2020-

21 (Exp. 3).
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Tables
Table 1
Mean RTs and Approach Scores (in ms; accuracy, in %, in parentheses) as a

Function of Task, Stimulus Type, and Movement (Experiment 1)

Task Movement Approach
Score
Stimulus type Towards Away Mean [CI]
Can fly!
Fly stimuli 707 (96.7%) 805 (96.1%) 99 [60, 137]
Swim stimuli 805 (95.1%) 766 (96.4%) -39 [-82,3]
Can swim!
Fly stimuli 940 (92.0%) 765 (97.9%) -174 [-269, -79]
Swim stimuli 713 (98.8%) 908 (94.3%) 194 [111,277]

Note. Approach Score = RTaway — RTiowards. 95% Confidence interval
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Table 2
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Mean RTs and Approach Scores (in ms; accuracy, in %, in parentheses) as a

Function of Task, Stimulus Type, and Movement (Experiment 2)

Task Movement Approach-Score
Stimulus type Towards Away Mean [CI]
Is Flower!
Flowers 683 (97.8) 824 (95.2) 142 [96, 187]
Insects 815 (93.1) 745 (97.2) -69 [-129,-10]
Is Insect!
Flowers 744 (95.9) 747 (95.2) 3 [-32,39]
Insects 714 (95.9) 775 (93.9) 62  [35, 88]
Control Sample
Flowers 677 (98.3) 732 (95.8) 56  [38,73]
Insects 705 (96.8) 721 (98.0) 16 [-6,38]

Note. Approach Score = RTaway — RTiowards. 95% Confidence interval.
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Table 3

Mean RTs and Approach Scores (in ms; accuracy, in %, in parentheses) as a

Function of Task, Stimulus Type, and Movement (Experiment 3)

Pre-task Movement Approach
Score
Stimulus type Towards Away Mean [CI]
Flower
Flowers 735 (98.7) 819 (95.5) 84 [50, 118]
Insects 795 (95.9) 803 (97.8) 8 [-25,42]
Insect
Flowers 732 (97.8) 761 (97.3) 29  [3,56]
Insects 724 (97.5) 782 (95.7) 59 [34, 84]
Furniture
Flowers 715 (97.5) 778 (96.0) 64 [37,91]
Insects 746 (97.3) 768 (96.9) 22 [1,43]

Note. Approach Score = RTaway — RTiowards. 95% Confidence interval in brackets.
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Figure Captions
Figure 1

Approach scores in Experiment 1 (whiskers are SEs)

Figure 2

Approach scores in Experiment 2 (whiskers are SEs)

Figure 3

Approach scores in Experiment 3 (whiskers are SEs)
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Figure 1
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Figure 2
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Figure 3
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Appendix A

Validation of Materials

We recruited N=20 German participants (8 female, 11 male; 1 undisclosed
gender; age median = 27 years, range 22-35 years) in an online study (via prolific) to
evaluate the word stimuli used in our experiments. Words were presented trial by trial in
an individual random order; participants clicked on a seven-point scale from “very
negative” (-3) to “very positive” (+3). We presented only the words used in the main
trials, that is, 10 flight and 10 swim items (Experiment 1; see Table A1), 10 flowers, 11
insects, and 10 furniture (Experiment 2 and 3; see below Table A2). The ratings showed a
high internal consistency across raters, with an intraclass correlation (ICC) of .95.

Materials for Experiment 1. Table A1 shows the flight and swim stimuli used in
Experiment 1. Mean valence ratings for the main trial items were M = 0.70 (SD = .55)
and M = 0.63 (SD = .73) for flight and swim stimuli, respectively; the difference was not
significant, #(18) = 0.24, p = .810,d = .11.

Materials for Experiments 2 and 3. Table A2 shows the flower, insect, and
furniture stimuli used in Experiment 2 and 3. In Experiment 2, only flowers and insects
were used; in Experiment 3, the same flower and insect items as in Experiment 2, except
one replacement (see Note in Table A2) were used; furniture items were added. Mean
valence ratings for the main trial items were M = 1.45 (SD = 0.43) for flowers, M =-1.41
(SD = 0.73; set of Exp. 2), M =-1.58 (SD = 0.55; set of Exp. 3) for insects.’ The

difference in means for flowers and insects was significant, #(18) = 10.73, p <.001, d =

? For the sake of transparency: ,,Ohrwurm* (earwig, “catchy tune®; i.e., the replaced item)
had a mean rating of M = -0.05, ,,Hornisse” (hornet; the replacement item) had a mean
rating of M =-1.75.
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4.80 and #(18)=13.73, p <.001, d = 6.14, for the sets used in Experiment 2 and 3,

respectively. Furniture items had a mean rating of M = 0.43 (SD = 0.67). This mean was

significantly different from the mean for flowers, #(18) =4.06, p <.001, d = 1.81, and

insects (set of Exp. 3), #18) =7.27, p <.001, d = 3.25.

Table Al

Stimuli used in Experiment 1

Can Fly Can swim

Practice Trials
Drohne (drone) FloB (raft)
Libelle (dragonfly) Frosch (frog)
Miicke (mosquito) Hund (dog)
Taube (pigeon) Lachs (salmon)

Main Trials
Biene (bee) Bieber (beaver)
Fledermaus (bat) Boot (boat)
Flugzeug (airplane) Dampfer (steamship)
Hubschrauber (helicopter) Forelle (trout)
Lenkdrache (kite) Holzstamm (log)
Papagei (parrot) Kanu (canoe)
Rabe (raven) Kaulquappe (tadpole)
Rakete (rocket) Luftmatratze (air mattress)

Schmetterling (butterfly)
Zeppelin (airship)

Pinguin (penguin)
Wal (whale)
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Table A2

Stimuli used in Experiments 2 and 3

Flowers Insects Furniture

Practice Trials (approach/avoidance task)

Mohn (poppy) Assel (woodlouse)
Narzisse (daffodil) Floh (flea)
Orchidee (orchid) Fruchtfliege (fruit fly)

Osterglocke (wild daffodil) ~ Hornisse (hornet; Exp. 2)
Libelle (dragonfly; Exp. 3)

Main trials (pre-task and approach/avoidance task)

Veilchen (violet) Mistkéfer (dung beetle) Tisch (table)

Rose (rose) Spinne (spider) Stuhl (chair)

Tulpe (tulip) Wanze (bug) Aktenschrank (filing cabinet)
Margerite (daisy) Miicke (mosquito) Sofa (sofa)

Nelke (carnation) Blattlaus (aphid) Regal (shelf)

Giénsebliimchen (daisy) Weberknecht (daddy longlegs) Sessel (armchair)
Sonnenblume (sunflower) Wespe (wasp) Servierwagen (serving trolley)
Lilie (lily) Kakerlake (cockroach) Kommode (chest of drawers)
Krokus (crocus) Ameise (ant) Hocker (stool)

Magnolie (magnolia) Ohrwurm (earwig; Exp. 2) Doppelbett (double bed)

Hornisse (hornet; Exp. 3)

Note: We replaced “Ohrwurm” (earwig) with “Hornisse” (hornet) in Experiment 3
because we realized post-hoc that the word was ambiguous with regard to the
metaphorical “Ohrwum”, which is the German idiomatic phase for a “catchy tune”
(similar to “earworm” or “brainworm” in English). (Of course, the word was still easily
classifiable in the given context.) Since “Hornisse” (hornet) was a practice item in
Experiment 2, we chose “Libelle” (dragonfly) as a replacement in Experiment 3.
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Appendix B
Analyses with RT as the Dependent Variable

In the Results sections of the main text we analyzed approach scores as the
dependent variable to provide a condensed report of the main results. For the sake
of transparency, we report here the analyses with RTs as the dependent variable.
Experiment 1

A 2 (task: “Can fly!” versus “Can swim!”) x 2 (stimulus type: can fly versus
can swim) x 2 (movement: approach versus avoidance) mixed-design ANOVA for
repeated measures with RTs as the dependent variable yielded the effects reported
in Table B1. The corresponding descriptive values were given in Table 1. As can be
seen there is (additionally to the effects reported in the main text) a significant main
effect of movement (toward is faster than away) and a significant task x stimulus
type interaction, which means that responses to the to-be-affirmed category are a bit
faster than the negations. Of course, this effect is further moderated by movement,

which was our main result reported and discussed in the main text.
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Table B1
Results of a 2 (Movement) % Stimulus Type x Task mixed ANOVA with RT as the
dependent variable (Experiment 1)

Effect F(1,56) p np”
Task (T) 2.38 129 .041
Stimulus Type (S) 0.96 331 .017
Movement (M) 10.90 .002 .163
TxS 31.76 <.001 362
TxM 2.62 A11 .045
S xM 6.20 016 .100
TxSxM 29.90 <.001 348

Note. The last three rows correspond to the effects reported in the main text (Stimulus
Type x Task mixed ANOVA with approach scores as the dependent variable)

Experiment 2

A 2 (task: “Is flower!” versus “Is insect!”) x 2 (stimulus type: flower versus
insect) x 2 (movement: approach versus avoidance) mixed-design ANOVA for
repeated measures with RTs as the dependent variable yielded the effects reported
in Table B2. The corresponding descriptive values were given in Table 2. As can be
seen there are (additionally to the effects reported in the main text) significant main
effects of stimulus type (responses to flowers are a bit faster compared to insects)
and movement (toward is faster than away); moreover there is — as in Experiment 1
— a significant task x stimulus type interaction, which means that responses to the
to-be-affirmed category are a bit faster than the negations. Of course, this effect is
further moderated by movement,, which was our main result reported and discussed

in the main text.
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Table B2
Results of a 2 (Movement) % Stimulus Type x Task mixed ANOVA with RT as the
dependent variable (Experiment 2)

Effect F(1,57) p Np”
Task (T) 0.42 521 .007
Stimulus Type (S) 5.32 .025 .085
Movement (M) 28.89 <.001 336
TxS 6.07 017 .096
TxM 0.08 175 .001
S xM 8.06 .006 124
TxSxM 25.08 <.001 306

Note. The last three rows correspond to the effects reported in the main text (Stimulus
Type x Task mixed ANOVA with approach scores as the dependent variable)

Experiment 3

A 2 (task: “Is flower!” versus “Is insect!”) x 2 (stimulus type: flower versus
insect) x 2 (movement: approach versus avoidance) mixed-design ANOVA for
repeated measures with RTs as the dependent variable yielded the effects reported
in Table B3. The corresponding descriptive values were given in Table 3. As in
Experiment 2 there were additionally significant main effects of stimulus type
(responses to flowers are a bit faster compared to insects) and movement (toward is
faster than away); the task x stimulus type interaction failed the criterion of
significance; numerically, however, the result corresponds to Experiment 1 and 2

(i.e., responses to the to-be-affirmed category are a bit faster than the negations).
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Table B3
Results of a 2 (Movement) % Stimulus Type x Task mixed ANOVA with RT as the
dependent variable (Experiment 3)

Effect F(dfz,104) dfz p np’
Task (T) 0.71 2 494 013
Stimulus Type (S) 15.16 1 <.001 127
Movement (M) 102.88 1 <.001 497
TxS 2.04 2 135 .038
TxM 0.04 2 961 .001
S xM 4.56 1 035 042
TxSxM 4.93 2 .009 .087

Note. The last three rows correspond to the effects reported in the main text (Stimulus
Type x Task mixed ANOVA with approach scores as the dependent variable)
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