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Abstract
Objectives  We explored associations between the needs for power, achievement, 
and affiliation and functional cerebral asymmetries (FCAs), guided by three estab-
lished hypotheses about the nature of these associations.
Methods  One-hundred-and-seven participants completed picture-story meas-
ures of dispositional motives and activity inhibition (AI), a frequent moderator 
of motive-behavior associations, tasks measuring FCAs (line bisection, chimeric 
emotional face judgments, turning bias, perceptual and response asymmetries on 
the Poffenberger task), self-reported laterality preferences (handedness, footed-
ness, ear and eye preference), and interhemispheric interaction (crossed-uncrossed 
difference). They also completed an experiment manipulating hand contractions 
(left, right, both, neither) while they worked on a second picture-story motive 
measure.
Results  Dispositional power motivation was associated with stronger right-
ward asymmetry and less interhemispheric transfer in high-AI and stronger 
leftward asymmetry and more interhemispheric transfer in low-AI individuals. 
For the affiliation motive, findings were fewer and in the opposite direction 
of those for the power motive. These findings emerged for men, but not for 
women. Left- or right-hand contractions led to increases in power and achieve-
ment motivation, but not affiliation motivation. Only left-hand contractions 
led to decreased AI.
Conclusions  We discuss these findings in the context of sex-dimorphic organizing 
and activating effects of steroids on motives and laterality.
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Motivational needs – or motives – represent capacities to experience strong affect 
from contact with certain classes of incentives (Atkinson, 1957; Schultheiss & 
Köllner, 2021). In the case of the need for power (abbreviated nPower), the incen-
tive is having impact on others (Winter, 1973); in the case of the need for achieve-
ment (nAchievement), the incentive is mastering a challenging task autonomously 
(McClelland et  al., 1953); and in the case of the need for Affiliation (nAffilia-
tion), the incentive is harmonious social contact (Koestner & McClelland, 1992). 
Although these motivational needs do not represent an exhaustive list of fundamen-
tal motivational systems, 70 years of research on them has documented their close 
links with endocrine, cardiovascular, immune, and behavioral outcomes (McClel-
land, 1987, 1989; Schultheiss & Köllner, 2021). Moreover, the measures employed 
to assess these motives are among the few in personality psychology featuring 
causal validity (Borsboom et al., 2004); that is, they reflect the effect of variations 
in motivational arousal (McClelland, 1958; Winter, 1998). Motives are assessed 
through content-coding of stories individuals write in response to pictures of social 
situations (picture story exercise, or PSE; McClelland et al., 1989; Schultheiss & 
Pang, 2007).

Although other research has provided substantial evidence for the lateralization 
of perceptual, cognitive, affective-emotional, and motor functions (for overviews, 
Cutting, 1997; Gainotti, 2012; Ocklenburg & Güntürkün, 2018), so far there has 
been little systematic inquiry into possible associations between motives and lateral-
ity. The present research aims to do this, both by exploring associations between dis-
positional motive measures and measures of functional cerebral asymmetries (FCA; 
e.g., Hausmann & Güntürkün, 2000) – that is, processing advantages of one hemi-
sphere over the other for a given function – and by examining effects of lateralized 
motor activation on motivational changes.

McClelland’s (1986) Right‑Hemisphere Hypothesis

But what kind of a relationship should one expect to observe between motives 
and the two halves of the brain? To our knowledge, McClelland (1986) was the 
first researcher working within the PSE motive measure paradigm to speculate 
about this issue. In trying to come to grips with why nAffiliation as assessed 
with the PSE had so little overlap with questionnaire measures of love and 
social closeness (see Köllner & Schultheiss, 2014), but predicted physiological 
and behavioral indicators of affiliation rather well, he argued that nAffiliation 
and other motives are rooted in the right hemisphere (RH) of the brain, whereas 
verbal judgments of one’s motivational states or goals are mediated by the left 
hemisphere’s (LH) propensity for weaving consistent stories about one’s behav-
ior in the absence of introspective access to the generators of behavior (Gaz-
zaniga, 1985). More generally, McClelland (1986) posited that motives are RH 
phenomena and should therefore be associated with indicators of RH function, 
but not LH function. This claim resonates with a large body of research docu-
menting the RH’s role in emotional processing (see, for instance, Gainotti, 2012; 
Hellige, 1993; McGilchrist, 2009). This appears to be particularly true of deep 
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and differentiated emotionality, whereas the LH seems to be associated with a 
more superficial, upbeat, Pollyannaish emotional style (McGilchrist, 2009), but 
also specifically with defensiveness and anger (Kuper et al., 2019). McClelland’s 
claim also fits the observation that the RH is particularly involved in autonomic 
arousal processes characteristic of emotion and motivation and encompass-
ing cardiovascular, endocrine, and other physiological outputs (Dimond & Far-
rington, 1977; Wittling, 1995). The only test of his RH hypothesis that we are 
aware of is a recent study by Schütz and Schultheiss (2020) involving 67 gym-
nasts. The authors observed correlation patterns of nAchievement and nAffilia-
tion, but not nPower, with a measure of perceptual laterality – the chimeric faces 
task – that were consistent with the RH hypothesis. No such evidence emerged 
for turning bias, a measure of motor laterality. In summary, the evidence in favor 
of McClelland’s RH hypothesis is based on one small sample and has yielded 
inconsistent results across different motives and tasks.

Kuhl and Kazen’s (2008) Power/LH, Affiliation/RH Hypothesis

Kuhl and Kazen (2008) provided a different perspective by hypothesizing that 
nPower, due to its orientation towards doing and having an effect on the world, is 
tied to the LH, which supports goal-directed, controlled action. In contrast, nAffilia-
tion, due to its orientation towards being with others, is thought to be represented in 
the RH, which supports holistic and context-oriented forms of cognition. nAchieve-
ment is assumed to act as an interhemispheric integrator and therefore not to be lat-
eralized in its own right. Kuhl and Kazen tested these ideas with a dot-probe task 
and verbal and pictorial stimuli associated with power, achievement, or affiliation 
being presented either in the left visual field (LVF) or the right visual field (RVF), 
followed by a dot in one or the other location. Consistent with their hypotheses, 
Kuhl and Kazen observed faster responses to dots replacing power stimuli presented 
in the RVF, and thus to the LH, than in the LVF, and thus to the RH. Conversely, 
participants responded faster to dots when they followed affiliation stimuli presented 
in the LVF than when they were presented in the RVF. Responses to achievement 
stimuli were more similar to those to power stimuli than to those to affiliation stim-
uli. Kuhl and Kazen’s findings were based on a small sample size (combined N = 64 
across all three dot-probe studies). More importantly, while they document FCAs in 
response to motivational stimuli, they do not provide direct evidence that motives 
are lateralized in the suggested manner. This would have required the demonstration 
of significant Motive Disposition x Stimulus Type x Visual Field interactions, which 
the authors did not report.

Schultheiss’s (2018) AI‑Moderation Hypothesis

Building on work by McGilchrist (2009), who held that the hemispheres do not so 
much differ in what they do but in how they do it, Schultheiss (2018) suggested a 
third possibility, namely that motives may not be lateralized per se but that their 
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behavioral manifestations may differ depending on which hemisphere is more 
involved in their expression. Reviewing the available literature on nPower and nAf-
filiation, he suggested that if these motives are expressed predominantly through 
LH-related functions, they tend to be more egoistically oriented towards dominance 
over others and relationship safeguarding, respectively, whereas if they are expressed 
via RH-related functions, they tend to manifest themselves in more context-sensitive 
and adaptive social behavior (for review of hemispheric differences in cognitive 
and social functions, McGilchrist, 2009). Moreover, Schultheiss (2018) argued that 
activity inhibition (AI), a frequent moderator of motive effects on behavior in past 
research, is critical for whether motives are predominantly expressed via LH or RH 
functions. AI is measured by counting the frequency of the negation not (including 
its abbreviated forms; e.g., isn’t) in PSE stories and has been shown to predict higher 
attentional sensitivity to stimuli presented in the LVF relative to stimuli presented in 
the RVF, particularly in emotionally engaging situations (Schultheiss et al., 2009). 
According to Schultheiss (2018), high AI makes motives more likely to engage the 
RH, whereas low AI makes them more likely to become expressed through the LH. 
As a case in point, he refers to robust evidence showing that high nPower, combined 
with high AI, is associated with success in managers, both by objective measures of 
management performance and by the subjective judgment of their teams. In contrast, 
managers characterized by high nPower, but low AI, are more self-centered, less 
effective, and less well liked by their subordinates, which may reflect their tendency 
towards self-aggrandizing rather than socially adaptive behavior (e.g., Steinmann 
et al., 2015; for review, McClelland & Burnham, 2003). Table 1 provides these and 
other examples of AI’s moderating effect on motive-outcome associations. Notably, 
AI’s moderating effect has been most frequently documented for nPower, sometimes 
for nAffiliation, and virtually never for nAchievement.

The validity of the idea that AI may represent a marker of motive-related FCAs 
has gained additional support through recent studies linking both nPower and AI to 
bone-growth markers of organizing effects of gonadal steroids that also affect brain 
development and FCAs (for review, Köllner et  al., 2019; Schultheiss & Köllner, 
2021). Schultheiss et al. (2019) observed a robust association between digit ratio, a 
measure of prenatal exposure to gonadal steroids, and the confluence of nPower and 
AI, albeit in a sex-dimorphic manner.1 Likewise, Köllner and Bleck (2020) found a 
sex-dimorphic interaction between nPower and AI to be associated with the ulna/
fibula ratio, a putative measure of pubertal steroid exposure. Notably, in both stud-
ies the joint effect of nPower and AI was found for lateralized measures of bone 
growth; that is, the difference between the left and the right limb. Because these 
findings link the nPower x AI effect to asymmetric patterns of bodily growth, they 
provide additional, albeit indirect, support for the notion that AI may be intimately 
linked to functional asymmetries of the brain that channel the expression of nPower 
(and perhaps also other motives).

1  Sex x Laterality effects are pervasive in the neuropsychological literature. For instance, Lezak et  al. 
(2012) state: “Compounding much of the data on sex differences in cognitive abilities is the effect of 
handedness, as left-handed males tend to perform more like right-handed females in showing superior-
ity on tests of verbal skills and sequential processing, while left-handed females and right-handed males 
appear to have an advantage on visuospatial tasks […] and for nonverbal auditory stimuli […].” (p. 364).
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To summarize, although direct evidence from studies using FCA measures is 
lacking so far for Schultheiss’s (2018) hypothesis, we believe his proposition to 
have more empirical support – albeit indirect, via AI interaction effects – than 
either McClelland’s (1986) or Kuhl and Kazen’s (2008) hypotheses. Given the 
general dearth of studies looking at the association between motives and FCAs, 
however, we kept an open mind with regard to all three hypotheses in our present 
research.

The Present Study

To arrive at a better understanding of how motives may be related to laterality, 
we followed a two-pronged approach. First, we examined associations between 
motive dispositions and FCA measures of perceptual and motor processes (see 
Table  2 for an overview). Measures of perceptual FCAs included stated prefer-
ences for eye and ear use, the chimeric faces task (Innes et al., 2016; Levy et al., 
1983), the line bisection task (Jewell & McCourt, 2000), and perceptual asymme-
try scores on the Poffenberger task (Poffenberger, 1912). Measures of motor FCAs 
were stated hand and foot preference, observed turning bias (Yazgan et al., 1996), 
and motor asymmetry scores on the Poffenberger task. The Poffenberger task also 
yielded additional scores for crossed-uncrossed differences (CUD), a measure of 
relative time it takes to process perceptual input and produce a motor response 
to it ipsilaterally versus contralaterally (e.g., Saron et al., 2003), as well as direc-
tional measures quantifying the cost of transferring perceptual information from 
the LH to the RH and from the RH to the LH for initiating a motor response (e.g., 
Marzi et al., 1991; Thomas et al., 2018). Analyses for these combined perceptual/
motor integration indices were exploratory, because neither CUD, nor directional 
transfer scores represent direct FCA measures.

Table 2   Overview of functional cerebral asymmetries and the measures used to assess them in the pre-
sent study (based on McGilchrist, 2009; McManus et al., 1999; Ocklenburg & Güntürkün, 2018)

Function Left hemisphere Right hemisphere Measure

Attention Focal, goal-oriented, 
right visual field

Broad, context-oriented, 
both visual fields, bias 
for left visual field

Line bisection task
Perceptual asymmetry 

(Poffenberger)
Emotion processing Non-dominant Dominant Chimeric faces task
Language processing Dominant Non-dominant Ear preference
Vision No overall lateralization, but preference for use of 

right eye for peeking
Eye preference

Motor output control Dominant Non-dominant Hand preference
Foot preference
Turning bias, motor 

asymmetry (Poffen-
berger)

Transfer to contralateral 
hemisphere

Low High Directional crossed-
uncrossed difference 
scores
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If McClelland’s (1986) RH hypothesis is correct, we expected all three 
motives to be consistently associated with evidence of preferred, better, or 
faster RH than LH processing.2 If Kuhl and Kazen’s (2008) power/LH, affilia-
tion/RH hypothesis is correct, we expected nPower to be associated with indi-
cations of better LH than RH processing, nAffiliation to be associated with 
the reverse, and nAchievement showing neither bias. Finally, we focused our 
analyses of Schultheiss’s (2018) AI-moderation hypothesis more generally on 
nPower x AI effects, because these have been reported most frequently in the 
literature, and specifically on the exploration of sex-dimorphic nPower x AI 
effects, because these have been consistently reported for morphological meas-
ures (Janson et al., 2018; Köllner & Bleck, 2020; Schultheiss et al., 2019) that 
present a window into steroid exposure of body and brain during critical devel-
opmental windows (Köllner et  al., 2019). In general, we expected variations 
in nPower to predict indicators of more rightward FCAs in high-AI individu-
als and more leftward FCAs in low-AI individuals. However, we tentatively 
expected this to be the case predominantly for men, given the sexual dimor-
phism consistently observed in studies on morphological markers (see Table 1) 
and some findings on other outcomes even pointing in an opposite direction of 
this pattern for women (e.g., Schultheiss et al., 2019).

The second approach we employed in this research exploits the property of 
PSE-based motive measures to be sensitive to situationally induced changes in 
motivational states (McClelland, 1958; Winter, 1998). For instance, it has been 
shown that nPower increases in the context of a stressful public-speaking task 
(Wiemers et al., 2015), that nAffilation increases in response to exposure to affil-
iative movies (Schultheiss et  al., 2004), and that nAchievement increases when 
performance is evaluated (Hofer et  al., 2010). In the present study, we explored 
effects of differential hemispheric motor cortex activation on changes in motive 
and AI scores by having participants vigorously and rhythmically squeeze rubber 
balls with the left hand, the right hand, both hands, or neither hand while they 
were watching PSE picture cues and comparing the stories they subsequently 
wrote. In doing so, we were following an experimental protocol for testing later-
alized spreading-activation accounts established in previous research using EEG 
measures of cortical arousal (Cross-Villasana et  al., 2016; Harmon-Jones, 2006) 
and behavioral measures (e.g. Beckmann et al., 2013; Schiff et al., 1998), includ-
ing story-telling tests similar to the PSE (Schiff & Lamon, 1994), as criterion 
variables.

2  Theories of motivation generally assume that motives influence social behavior and task perfor-
mance only in the presence of suitable situational incentives, representing a motive x incentive interac-
tion. However, this does not preclude that motives can also have direct effects on basic neurocognitive 
processes (i.e., endophenotypes) such as those we tried to capture in the present research. Indeed, the 
reviewed findings relating nPower x AI effects to morphological measures suggest that brain organiza-
tion may have been biased in specific ways due to the hormonal milieu during sensitive developmen-
tal phases, giving rise to subtle differences in cognitive processes. This is illustrated by Schultheiss and 
Zimni’s (2015) finding that nPower predicted performance on a mental rotation task that featured no dis-
cernible power incentives.
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Putting these ideas together, we expected the following hand contraction effects: 
If McClelland’s (1986) RH hypothesis holds, we would expect to see an increase 
in PSE scores for all three motives when the left hand, but not when the right hand 
squeezes the ball. If Kuhl and Kazen’s (2008) power/LH, affiliation/RH hypothesis 
holds, we would expect to see nPower to increase if the ball is squeezed with the 
right hand and nAffiliation to increase if the ball is squeezed with the left hand. 
Schultheiss’s (2018) AI-moderation hypothesis is more difficult to test with this 
paradigm, because it would require the observation of changes in the pattern (i.e., 
change interaction) of nPower and AI as dependent variable, controlling for the 
dispositional pattern (= basal interaction) of these variables. We therefore decided 
to tackle Schultheiss’s hypothesis in a simplified manner by examining the effects 
of hemispheric motor activation on AI and motive measures separately, keeping in 
mind that this testing strategy may not reveal more complex changes in AI x nPower 
patterns.

Method

Participants

One-hundred-and-seven participants (64 women, 43 men; mean age 24.94  years, 
SD = 4.28) were tested between July and October 2018 at Friedrich-Alexander Uni-
versity, Erlangen, Germany, for a study advertised under the title of “Perception, 
action, and story-telling”. The procedures used in this study were approved by the 
local ethics committee. Participants provided written informed consent before test-
ing started and received €15 remuneration after completion of the testing session. 
A sample size > 100 participants was targeted to obtain 80% power for reliably 
detecting bivariate correlations of 0.27 or better; that is, effect sizes that are typical 
of associations between motives (or AI) and cognitive measures (e.g., Schultheiss 
et al., 2009; 2011; Schütz & Schultheiss, 2020). For two-way interactions (e.g., Sex 
x Motive or Motive x AI), power is < 70% (based on the differences of motive/later-
ality slopes reported in Köllner & Bleck, 2020, p. 107), and power is still lower for 
three-way interactions (e.g., Sex x Motive x AI).

Design

The study had both correlational and experimental features. The correlational design 
aspect pertained to analyses of the association between dispositional motive and 
AI levels, corrected for PSE story length, as well as sex with measures of percep-
tual and motor FCAs and measures of interhemispheric transfer. The experimental 
design aspect pertained to the analysis of the effects of unilateral/bilateral motor 
activation on changes in motive and AI scores on the PSE. Specifically, we used a 2 
(left hand contraction vs no contraction) × 2 (right hand contraction vs no contrac-
tion) ANCOVA design, with dispositional motive and AI scores as covariates and 
post-manipulation motive and AI scores as dependent variables.
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Measures

Dispositional Motives and AI

To assess participants’ dispositional motives and AI, we administered a com-
puter-based PSE using standard instructions and featuring the pictures trapeze 
artists, couple by river, soccer duel, and men on ship deck described in Schulthe-
iss and Pang (2007, Table 1). Pictures were chosen so that they provided a broad-
band measure of nAffiliation, nAchievement, and nPower, with an expected mean 
score of at least 3 for each motive. Participants saw each picture in randomized 
order for 10 s and were then given 4 min to write a story into a composition win-
dow. After 4 min, they were instructed to finish the present story and move on to 
the next picture-story by clicking a button.

Stories were later coded, following Winter’s (1994) manual, for motivational 
imagery by a trained coder who was blind to participants’ condition assignment and 
results on other tests. In brief, power imagery is coded when someone shows a con-
cern for having impact through (1) strong, forceful actions, (2) controlling or manipu-
lating others, (3) influencing, arguing with, or persuading others, (4) providing unso-
licited help or advice to others, (5) impressing others or showing a concern with fame 
or prestige, or (6) eliciting strong emotions in others. Achievement imagery is coded 
for (1) adjectives suggesting good performance, (2) goals or performances that are 
portrayed in a positive way, (3) competing with someone or winning a competition, 
(4) failure leading to negative affect, and (5) unique accomplishments. Affiliation 
imagery is coded for (1) positive affect expressed in the context of a relationship, 
(2) sadness about relationship disruption or loss, (3) companionate activities, and (4) 
nurturant help and assistance. Following the recommendations of Schönbrodt et al. 
(2020), the coder ignored Winter’s (1994) second-sentence coding rule and instead 
coded every instance of motivational imagery. The coder had previously exceeded 
85% inter-scorer agreement on calibration materials contained in the manual.

AI (frequency of the German word for the negation not, “nicht”) and story 
word counts were determined, and motive imagery coding was aided, by the PSE-
Coder (Frisch & Schultheiss, 2012; http://​www.​psych2.​phil.​uni-​erlan​gen.​de/%​
7Eosc​hult/​human​lab/​resou​rces/​resou​rces_​PSECo​der.​htm).

Dispositional nPower (M = 3.23, SD = 1.93), nAchievement (M = 6.76, 
SD = 3.23), and nAffiliation (M = 5.93, SD = 2.91) as well as AI raw scores 
(M = 2.67, SD = 2.37) were not normally distributed according to the Shap-
iro–Wilk test, ps < 0.006. To correct for skew, we subjected motive and AI scores 
to a square-root transformation after adding a constant of 1. We then converted 
motive and AI scores to z scores after regressing total word count (M = 412, 
SD = 122) from motive and AI scores to remove the shared variance with narra-
tive fluency (rs with transformed motive and AI scores > 0.40, ps < 0.001). The 
motive and AI scores resulting from these procedures were independent of PSE 
protocol length, did not significantly differ from a normal distribution, Shapiro 
Wilk ps > 0.30, and were used in all further analyses of associations between 
dispositional PSE measures and FCAs. Because one participant did not follow 
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instructions and failed to provide stories that could be scored for motive imagery, 
PSE data are available for 106 participants.

Experimentally Induced Motive and AI Changes

To implement experimental conditions and assess their effect on changes in motives 
and AI, we administered and coded a second 4-picture PSE. All methodological 
aspects were identical to the first, except for the following:

First, we used the pictures tango, bicycle race, girlfriends in café with male 
approaching, and ship captain to again get a broadband measure of all three motives 
and AI, with an expected mean of at least 3 for each motive. The first picture was 
pretested in an unpublished pilot study (Lang, 2016) and depicts a man and a woman 
dancing a tango on a stage. The other three pictures are described in Schultheiss and 
Pang (2007, Table 1).

Second, before writing each story, participants listened via headphones to a click-
ing sound presented at 92 bpm for a total of 45 s. During the first 35 s of sound pres-
entation, the screen was black; during the last 10 s, the PSE picture was shown. The 
sound ended as soon as the story-composition window was subsequently presented. 
Participants in the left-hand (right-hand) contraction condition were instructed to 
take a two-inch soft rubber ball into their left hand (right hand) and squeeze the ball 
in sync with the click sound for as long as the sound was presented. Participants in 
the both-hands contraction condition were given two identical balls and instructed 
to squeeze with both hands in the same manner. Participants in the no-contraction 
condition were asked to just listen to the sound and look at the picture.

Third, to model changes in motive and AI scores in the ANCOVAs reported 
below, we used untransformed raw scores from the baseline and the experimental-
manipulation PSEs. We thus used commensurate motive and AI baseline and post-
manipulation measures and assumed that (a) story-length effects (retest r = 0.90, 
p < 0.001) would be effectively controlled for by adjusting for baseline motive and 
AI measures (which were affected by story length, too) and (b) similar deviations 
from normal distributions would be present in both baseline and post-manipula-
tion scores, resulting in normally distributed regression residuals (verified via Q-Q 
plots). In addition, we examined for all analyses reported below whether they sub-
stantially changed if either log-transformed scores were used for both baseline and 
post-manipulation scores, or if post-manipulation word count was added as an addi-
tional covariate (rs with raw motive and AI scores > 0.44, ps < 0.001), or if outliers 
were present and subsequently removed. The analyses reported below were robust 
for these additional checks. Scores were in the expected range for nPower (M = 5.65, 
SD = 3.06), nAchievement (M = 6.84, SD = 3.60), nAffiliation (M = 5.26, SD = 2.85), 
AI (M = 3.63, SD = 2.65), and word count (M = 438, SD = 129).

Self‑Reported Perceptual and Motor Laterality Preferences

To assess participants’ handedness, we administered the following questions: 
“Which hand do you use for handwriting?”, “Which hand do you use for brush-
ing your teeth?”, and “Which hand do you use for holding the phone?” (response 
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options: left hand, coded 1; sometimes one hand, sometimes the other, coded 0; 
or right hand, coded −1). The three items were positively correlated (Spearman 
rs > 0.30). We averaged them into a handedness scale.

To assess participants’ footedness, we administered the following questions: 
“If you have to jump across a little moat, which foot do you use to push yourself 
off?” and “For a long jump, which foot do you use to push yourself off?” (response 
options: left foot, coded 1; sometimes one foot, sometimes the other, coded 0; or 
right foot, coded −1). Both items were positively correlated, Spearman r = 0.61), 
and we averaged them into a footedness scale.

Eye and ear preference were assessed with one item each. For the former, it was 
“If you look through something with just one eye – a spyglass, for instance – which 
eye do you squeeze shut?”, and for the latter, it was “To which ear do you hold your 
phone during a phone conversation?”. Response options were left eye/ear (1), some-
times one, sometimes the other (0), and right eye/ear (−1). The response scale was 
reverse coded for eye use, because indicating which eye is shut implies the other eye 
being the preferred one.

Turning Bias

To assess participants’ turning bias, we used Schütz and Schultheiss’s (2020) adap-
tation of Yazgan et al.’s (1996) task. In brief, participants were required to walk up 
and down an empty hallway five times and turn around at centered markings on the 
floor at both ends. These markings were located 6.5 m apart. This yielded a total 
of 11 observable turns (6 at the back, 5 at the front of the hallway), recorded on 
video for later coding. The experimenter, who stood in the middle at one end of 
the hallway, told participants that this task was about their gait and instructed them 
to walk up and down freely at first, then with their left eye covered, then with their 
right eye covered, then with their left ear covered, then with their right ear covered, 
and finally with both ears covered. These instructions were intended to deflect par-
ticipants’ attention from the goal of the procedure; that is, the assessment of turning 
bias. All videos were later independently coded by two coders. Intercoder reliability 
was excellent, Pearson r = 0.99. Because the second coder had recorded all obser-
vations correctly on paper, but made a mistake in one case transferring the data to 
the data file (otherwise r would have been 1.00), only the codings of the first coder 
were used for further analyses. Participants’ turning responses were consistent, as 
reflected by a strong positive correlation between the first and the second 5 turns, 
Pearson r = 0.87.

Chimeric Faces Task

We used Schütz and Schultheiss’s (2020) adaptation of the chimeric faces task 
(CFT). In brief, this CFT consists of 16 horizontally arranged pairs of chimeric 
faces, one showing a happy expression on the left and one showing a happy expres-
sion on the right side, with pairing (left/right versus right/left) balanced across tri-
als. Randomized presentations of the 16 pairs were blocked twofold for a total of 32 
trials. Participants were instructed to indicate by keypress which of the two variants 
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depicted in each pair they judged as more emotional. Responses were recoded such 
that 1 indicated the choice of the emotion|neutral variant and 0 indicated the choice 
of the neutral|emotion variant. Based on the distribution of response latencies, we 
regarded responses with a latency < 500 ms as premature and invalid and therefore 
did not count them (1.43% of all responses). Further scrutiny of the data revealed 
that the data of two participants consisted mostly of premature responses, were 
therefore invalid, and dropped from the CFT data (hence, N = 105 for CFT data). 
Another two participants provided valid data only on the first block, but not on the 
second; data from the second block were therefore dropped in this case and total 
CFT scores were based on the first block only. Total CFT scores were calculated by 
dividing the sum of valid “1” responses by the sum of valid “1” plus “0” responses 
and multiplying the total with 100. The resulting score reflects the percentage of 
emotion|neutral faces chosen and thus an RH bias for processing emotional faces. 
The test–retest Pearson correlation from the first to the second half was 0.64. Cron-
bach α for the full 32-item scale was 0.80.

Line Bisection Task

We created a computer-based version of the line bisection task (LBT) by serially 
presenting lines of varying length (21  cm vs 24  cm) with their center in the left 
(8 trials), middle (8 trials), or right (8 trials) of the computer screen. In doing so, 
we translated the typical horizontal position variations of paper-and-pencil LBT 
versions to the computer and also allowed horizontal position to become a within-
subjects factor in subsequent analyses (previous results strongly suggest that within 
individuals LBT scores are affected by horizontal position; e.g., Hausmann et  al., 
2002). The vertical position also varied orthogonally to the horizontal position. 
The changing positions were intended to force participants to reorient themselves 
spatially on each trial. Participants were instructed to place a mark with the mouse 
on the middle of each line. Inspection of responses suggested that response laten-
cies < 437 ms and responses <|10%| (with 50% marking the midpoint of a line) rep-
resented premature and thus invalid responses (0.12% of the data). These responses 
were set to missing. Because scores for the three horizontal positions differed mark-
edly, F(2, 210) = 264, p < 0.001, η2 = 0.72, we used separate averaged scores for the 
left, the middle, and the right screen position in all subsequent analyses. Scores were 
calculated as percentage of the full line, with 50% marking the exact middle of a 
line and higher scores – that is, midpoints set to the left of the middle – reflecting 
increasing pseudoneglect and thus increasing RH dominance for spatial attention. 
Conversely, scores < 50% reflected increasing neglect and thus increasing LH domi-
nance. Due to technical problems, only 103 participants completed the LBT. Cron-
bach αs for lines presented in the left, middle, and right sections of the screen were 
0.80, 0.78, and 0.81, respectively.

Poffenberger Task

We used Borchert’s (2013) adaptation of the Poffenberger task described by Berluc-
chi et al. (1971). Participants were instructed to press a key as quickly as possible 
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whenever they saw a dot appear to the left or right of a centered fixation cross on 
the screen. On each trial, participants were alerted to the imminent display of the 
dot through a beep presented via headphones and a brief flicker of the fixation cross. 
After practicing the task, participants worked on 120 trials resulting from a 2 (vis-
ual field: left, right) × 2 (response hand: left, right) × 3 (dot distance from fixation 
cross: near, medium, far) × 2 (blocks) × 5 (repetitions) factorial design. Invalid tri-
als (response latencies < 160 ms or > 600 ms; 10.05%) were repeated until a valid 
response was recorded. Data from three participants were not recorded due to a 
programming error. Another five participants produced 50 or more error responses, 
and we therefore excluded them from all further analyses involving the Poffen-
berger task; hence N = 99. Analyses using median response times revealed effects 
of visual field (left: M = 250 ms, SD = 34 ms; right: M = 247 ms, SD = 31 ms; F[1, 
98] = 5.52, p = 0.021, η2 = 0.053), response hand (left: M = 247  ms, SD = 30  ms; 
right: M = 250 ms, SD = 35 ms; F[1, 98] = 6.29, p = 0.014, η2 = 0.060), and a visual 
field x response hand interaction (left hand/LVF: M = 246 ms, SD = 32; left hand/
RVF: M = 248 ms, SD = 31; right hand/LVF: M = 254 ms, SD = 38; right hand/RVF: 
M = 246 ms, SD = 34 ms; F[1, 98] = 19.76, p < 0.0005, η2 = 0.168; see Fig. 1). We 
therefore calculated (a) a perceptual laterality score by subtracting LVF latencies 
from RVF latencies, (b) a motor laterality score by subtracting left-hand latencies 
from right-hand latencies, (c) a crossed-uncrossed difference (CUD) score by sub-
tracting averaged left-hand/LVF and right-hand/RVF latencies from averaged left-
hand/RVF and right-hand/LVF latencies, and (d), as indices of directional inter-
hemispheric transfer effects, a right-to-left transfer (R > LT) score and a left-to-right 
transfer (L > RT) score by subtracting average latencies in response to ipsilateral tar-
gets from average latencies in response to contralateral targets during trials requiring 

Fig. 1   Interaction effect of 
response hand and visual field 
on response latency on the Pof-
fenberger task. Figure available 
at https://​osf.​io/​84usb/, under a 
CC-BY4.0 license

145Adaptive Human Behavior and Physiology (2021) 7:133–165

https://osf.io/84usb/


1 3

a right-hand and a left-hand response, respectively (see Thomas et al., 2018). Higher 
values on the laterality scores represent relatively quicker RH-mediated responses 
for LVF and left hand; higher values on the CUD represent relatively slower inter-
hemispheric than intrahemispheric processing, and higher values on R > LT and 
L > RT scores reflect relatively slower rates of information transfer from the RH to 
the LH and from the LH to the RH, respectively.

Procedure

Upon arrival at the laboratory, participants first completed the turning bias assess-
ment. They were then placed in single-participant cubicles and completed the CFT, 
the Poffenberger, the LBT, the dispositional PSE, the experimental-manipulation 
PSE, and a questionnaire about their perceptual and motor habits and preferences as 
well as some biographical background information on Windows PCs equipped with 
standard QWERTZ keyboards, mice, headphones, and 23″ color monitors. Except 
for the turning bias task, all tasks were programmed and presented using Inquisit 
5.011 (Millisecond Software, LLC; Seattle, Washington). All Inquisit task modules 
and an illustration of the turning bias task are available on https://​osf.​io/​84usb/.

Statistical Processing, Analyses, and Data Availability

Data preprocessing was done in SYSTAT 13. All main analyses were run and graphs 
generated in JASP 13.1. All data and syntax files as well as all integrated JASP anal-
ysis files for reproducible data analyses are available from https://​osf.​io/​84usb/. All 
η2 represent partial effect sizes.

Results

Descriptive Data and Correlations

Table 3 provides descriptive statistics and correlations for the main study variables. 
CFT, LBT, and Poffenberger motor laterality all showed significant leftward biases, 
suggesting RH dominance for these tasks. In contrast, handedness, footedness, eye 
and ear preference as well as Poffenberger perceptual laterality were characterized 
by a significant rightward bias, suggesting LH dominance for these measures. Turn-
ing bias, by showing a behavioral leftward bias, can be considered to be an indicator 
of LH control, because the right half of the body initiates the turn to the left. CUD 
scores were significantly higher than zero, indicating the slower interhemispheric 
than intrahemispheric processing at the sample level typically observed (e.g., Marzi 
et  al., 1991). Handedness was positively correlated with eye and ear preference, 
which also correlated positively with each other. Both turning bias and CFT had no 
reliable overlap with other FCA measures. Both left and right LBT scores correlated 
positively with mid-screen LBT scores, but not with each other, suggesting that 
lines initially presented to the LVF and the RVF, respectively, may assess separate 
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hemispheric attentional processes. Moreover, LBT scores frequently featured a pat-
tern of “escalating” correlations, increasing in size from left to right. This pattern 
was most pronounced for their negative associations with handedness and ear prefer-
ence: in each case, the LBT score obtained from the RVF showed the strongest cor-
relation with these measures. Scores derived from the Poffenberger task showed the 
expected correlations with each other, but only little reliable overlap with other FCA 
measures. The only exception was the positive association between CUD scores and 
mid-screen LBT scores, indicating stronger pseudoneglect in individuals with rela-
tively better intra- than interhemispheric processing. Sex was not significantly asso-
ciated with any laterality measure or scores based on the Poffenberger task.

We next turn to measures derived from the PSE. Women wrote longer PSE 
stories and stories that contained more affiliation imagery than men, as has been 
documented in previous research (Drescher & Schultheiss, 2016; Schultheiss et al., 
2020). Moreover, participants who wrote longer stories were also more strongly 
right-handed, tended to show a stronger leftward turning bias (p = 0.05), and had 
lower CUD scores, suggesting better interhemispheric integration. The latter effect 
appeared to be particularly associated with faster left-to-right transfer of informa-
tion. Higher nPower was associated with stronger right-footedness, nAchievement 
and nAffiliation were not reliably associated with any FCA or Poffenberger meas-
ure. AI showed the previously mentioned pattern of escalating correlations on the 
LBT, with higher AI scores being associated with significantly less pseudoneglect 
for lines presented in the RVF and, to a lesser extent, for lines presented in the mid-
dle of the screen.

Correlational Analyses with Dispositional Measures

McClelland’s (1986) Hypothesis

Table 3 shows no consistent pattern of correlations that would suggest motives to be 
associated with stronger RH processing. When we combined all dispositional motive 
variables into one overall score, thus testing for associations of the shared variance 
of motive measures with laterality measures, we were likewise unable to find sig-
nificant or consistent relationships. The only exception was footedness, which was 
negatively associated with the motive sum score, r = −0.22, p = 0.02, a finding in the 
opposite direction of McClelland’s hypothesis.

Kuhl and Kazen’s (2008) Hypothesis

Although one would expect correlations of nAffiliation with laterality measures to 
be positive, representing the association between this motive and a RH processing 
advantage postulated by Kuhl and Kazen (2008), seven of the eleven correlations of 
nAffiliation with FCA measures presented in Table 3 have a negative sign. Similarly, 
although correlations between nPower and FCA measures would be expected to be 
negative and thus consistent with the postulated LH processing advantage, six of the 
eleven correlations have a positive sign. We also ran a series of regression analyses 
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of all FCA measures on scores of nPower and nAffiliation simultaneously to explore 
whether the negative association between these motive measures suppresses more 
hypothesis-consistent statistical effects. However, none of these regressions revealed 
any significant associations between motives and FCA measures beyond those 
shown in Table  3 for zero-order correlations. In the 11 regressions we ran, the 
expected pattern of a negative slope for nPower and a positive slope for nAffiliation 
emerged only once, whereas the opposite pattern, suggesting a RH advantage for 
nPower and a LH advantage for nAffiliation, emerged three times (in the remainder 
of the analyses, both motives had either a positive or a negative slope). Inclusion 
of nAchievement did not lead to more clear-cut results regarding Kuhl and Kazen’s 
hypothesis.

Schultheiss’s (2018) Hypothesis

We regressed laterality and Poffenberger transfer measures on nPower, AI, sex and 
their two- and three-way interactions.

LBT  For LBT, we found a Visual Field x nPower x AI x Sex interaction, F(1, 
194) = 3.82, p = 0.024, η2 = 0.038, that we could trace back to a nPower x AI x Sex 
effect for the middle LBT score, B = −0.795, SE = 0.286, p = 0.006, ΔR2 = 0.070, and 
that did not emerge for either the left or the right LBT score, ps  > 0.77. As shown 
in Fig. 2, the effect was due to men whose nPower was negatively related to pseu-
doneglect, reflecting relatively more LH engagement in the task, when they were 
low in AI, but positively related, reflecting relatively more RH engagement, when 
they had medium or high AI; for the nPower x AI interaction, B = 0.838, SE = 0.263, 
p = 0.020, ΔR2 = 0.133. In women, the nPower x AI effect on middle  LBT scores 
was not significant, B = −0.156, SE = 0.135, p = 0.25, ΔR2 = 0.020.

Poffenberger Task  We observed a significant Visual Field x Response Hand x 
nPower x AI x Sex interaction, F(1, 90) = 6.77, p = 0.011, η2 = 0.070, that could be 
simplified into a nPower x AI x Sex interaction on CUD scores, which captured the 
Visual Field x Response Hand term, as dependent variable, B = −6.81, SE = 2.62, 
p = 0.011, ΔR2 = 0.069. As shown in Fig.  2, the interaction was due to men’s 
nPower being negatively associated with CUD in low-AI individuals and positively 
in high-AI individuals; for the nPower x AI effect, B = 5.98, SE = 2.22, p = 0.011, 
ΔR2 = 0.175. In women, the nPower x AI interaction was not significant, B = −0.826, 
SE = 1.31, p = 0.53, ΔR2 = 0.007. We also observed a significant Visual Field x 
Response Hand x nAffiliation x AI x Sex interaction, F(1, 90) = 5.01, p = 0.028, 
η2 = 0.053, that could be simplified into a nAffiliation x AI x Sex interaction on 

Fig. 2   Effects of sex, activity inhibition (split at tertiles), and nPower on mid-screen line bisection task 
scores, Poffenberger crossed-uncrossed scores, chimeric faces task scores, and laterality preference 
scores averaged across handedness, footedness, eye, and ear preference. For laterality measures, higher/
positive scores represent a behavioral leftward bias (right hemisphere), and lower/negative scores a 
behavioral rightward bias (left hemisphere). Figure available at https://​osf.​io/​84usb/, under a CC-BY4.0 
license
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CUD scores, B = 6.21, SE = 2.77, p = 0.028, ΔR2 = 0.052. As shown in Fig.  3, the 
interaction was due to men’s nAffiliation being positively associated with CUD in 
low-AI individuals and negatively in high-AI individuals; for the nAffiliation x AI 
effect, B = −4.08, SE = 1.93, p = 0.041, ΔR2 = 0.116. In women, the nAffiliation x AI 
interaction was not significant, B = 2.13, SE = 2.00, p = 0.29, ΔR2 = 0.020.

CFT  The nPower x AI x Sex interaction failed to become significant, B = −6.18, 
SE = 4.32, p = 0.16, ΔR2 = 0.020. As shown in Fig. 2, at the descriptive level nPower 
was associated with more RH-driven emotionality judgments in men, partial 
r = 0.24, p = 0.13, and in high-AI women; for the nPower x AI interaction in women, 
B = 2.58, SE = 2.12, p = 0.25, ΔR2 = 0.023.

Self‑Reported Side Preferences  For analyses involving handedness, footedness, as 
well as eye and ear side preferences, we modeled these variables as a within-subjects 
factor in our analyses. Three significant findings emerged. First, we found a nPower 

Fig. 3   Effects of sex, activity inhibition (split at tertiles), and nAffiliation on Poffenberger crossed-
uncrossed difference scores and limb laterality preferences (averaged handedness and footedness, higher 
scores represent a more leftward preference). Figure available at https://​osf.​io/​84usb/, under a CC-BY4.0 
license
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x AI x Sex interaction, B = −0.222, SE = 0.102, p = 0.032, ΔR2 = 0.044, that was not 
moderated by the within-subjects factor. As shown in Fig.  2, the interaction was 
due to men’s nPower being associated with a greater preference for the right side of 
the body, and thus with greater LH engagement, in low-AI individuals and with no 
preference in high-AI individuals; for the nPower x AI effect, B = 0.196, SE = 0.091, 
p = 0.038, ΔR2 = 0.101. In women, the nPower x AI interaction was not significant, 
B = −0.027, SE = 0.049, p = 0.59, ΔR2 = 0.005. Second, we also found a Measure 
x nAffiliation x AI x Sex interaction, F(3, 294) = 3.17, p = 0.025, η2 = 0.031, that 
could be traced back to a significant nAffiliation x AI x Sex interaction for averaged 
motor laterality preferences (i.e., handedness and footedness), B = 0.249, SE = 0.104, 
p = 0.019, ΔR2 = 0.052, that did not emerge for averaged perceptual laterality (i.e., 
eye and ear preferences), B = −0.032, SE = 0.148, p = 0.83, ΔR2 < 0.001. As shown 
in Fig.  3, the interaction was due to men’s nAffiliation being associated with a 
greater preference for the right side of the body, and thus with greater LH engage-
ment, in high-AI individuals and with no preference in low-AI individuals; for the 
nAffiliation x AI effect, B = −0.159, SE = 0.070, p = 0.030, ΔR2 = 0.114. For women, 
the pattern of results was in the opposite direction, but failed to become significant, 
B = 0.090, SE = 0.077, p = 0.25, ΔR2 = 0.022. Third, because the association of AI 
with laterality is of theoretical interest (see Schultheiss et al., 2009), we also report 
a significant Measure x AI x Sex interaction, F(3, 306) = 3.64, p = 0.013, η2 = 0.034, 
which was mainly due to two significant AI x Sex interaction effects in opposite 
directions for handedness, B = −0.203, SE = 0.090, p = 0.026, ΔR2 = 0.048, and foot-
edness, B = 0.315, SE = 0.155, p = 0.046, ΔR2 = 0.038. As shown in Fig. 4, in women 
AI correlated negatively with handedness, r = −0.13, but positively with footed-
ness, r = 0.19, ps > 0.10, whereas in men AI correlated positively with handedness, 
r = 0.31, p = 0.044, but negatively with footedness, r = −0.20, p = 0.20.

Turning Bias and Additional Analyses  No significant effects pertaining to Schulthe-
iss’s hypothesis emerged for turning bias as dependent variable or when we replaced 
nPower (or n Affiliation) with nAchievement in the previously described analyses 
(ps > 0.05).

Experimental Hand‑Contraction Effects

To examine effects of unilateral or bilateral hand contractions on changes in PSE 
raw motive and raw AI scores, we conducted a series of ANCOVAs in which we 
included the respective baseline PSE raw-score measure as a covariate and tested for 
main and interaction effects of left-hand and right-hand contractions.

Motive Measures  For the three motive measures, results can be summarized as fol-
lows: First, main effects of hand (left, right) on motive changes were all nonsignifi-
cant, ps > 0.37, which is inconsistent both with McClelland’s (1986) hypothesis and 
Kuhl and Kazen’s (2008) hypothesis. Second, at the descriptive level we observed 
a pattern of increased motive scores for nPower and nAchievement for unilateral, 
but not bilateral or no hand contractions (this constituted a marginally significant 
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Left Hand x Right Hand effect for nPower, F(1, 101) = 3.64, p = 0.059, η2 = 0.035). 
For nAffiliation, we observed the reverse pattern, with decreasing nAffiliation scores 
for unilateral or bilateral hand contractions. We therefore followed an analytic strat-
egy used in previous motive research (e.g., Brunstein et al., 1998) and aggregated 
motives separately for baseline and post-manipulation scores by subtracting nAf-
filiation scores from averaged nPower and nAchievement scores. For the resulting 
predominant motive disposition (PMD) scores, we obtained a significant Left Hand 
x Right Hand interaction, F(1, 101) = 6.76, p = 0.011, η2 = 0.063. As Fig. 5 shows, 
participants wrote stories with more achievement and power themes relative to affili-
ation themes after they had contracted either the left or the right hand. In contrast, 
they wrote stories with fewer achievement and power themes relative to affiliation 
themes after they had squeezed rubber balls with both hands or neither hand. None 
of the between-group differences became significant in post-hoc tests, ps > 0.18.

Fig. 4   Association between activity inhibition and self-reported handedness and footedness in men and 
women. Higher/positive values indicate greater leftward preference (right hemisphere), lower/negative 
values indicate greater rightward preference (left hemisphere). Figure available at https://​osf.​io/​84usb/, 
under a CC-BY4.0 license
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AI  For AI score changes, we observed reductions resulting from left or right hand 
contractions at the descriptive level (see Fig.  6). In the case of left-hand contrac-
tions, these were significant, F(1, 102) = 7.84, p = 0.006, partial η2 = 0.071, but not 
in the case of right-hand contractions, F(1, 102) = 0.53, p = 0.47, partial η2 = 0.005. 
Left and right hand contractions had no significant interactive effect on AI changes, 
and neither did participant sex interact significantly with left-hand or right-hand 
contractions, ps > 0.12.

In addition, we ran ANCOVAs to check whether overall word count was affected 
by experimental manipulations, but without significant results at the main effect 
level, Fs (1, 102) < 1, ps > 0.34, or for the left hand x right hand interaction, F (1, 
101) = 0.16, p = 0.69.

Discussion

Our main goal in this study was to explore the relationship between motive dis-
positions, including AI as a moderator of motives, and FCA measures, guided by 
hypotheses originally formulated by McClelland (1986; motives are represented in 
the RH), Kuhl and Kazen (2008; nPower is represented in the LH, nAffiliation in the 
RH), and Schultheiss (2018; motive-FCA associations depend on AI, with higher 
AI being associated with stronger RH than LH involvement). We also tested these 
hypotheses through the effects of left-hand and right-hand contractions on changes 
in motives and AI. Our findings can be summarized as follows:

Fig. 5   Left hand x right hand 
interaction effect on pre-
dominant motive disposition 
(PMD: [nPower + nAchieve-
ment]/2 – nAffiliation, based 
on motive raw scores), adjusted 
for baseline PMD. Error bars 
represent SEM. Figure available 
at https://​osf.​io/​84usb/​, under a 
CC-BY4.0 license
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Looking at both associations between dispositional motives and FCAs and 
experimental manipulation effects on motive changes, we failed to find support for 
McClelland’s or Kuhl and Kazen’s hypotheses. Motives were not systematically 
associated with laterality measures in a way that suggested RH primacy. Although 
nPower tended to be associated with the CFT in a manner suggesting more RH 
involvement in men, this was not the case for women, and the pattern was not 
observed in Schütz and Schultheiss’s (2020) earlier study. Perhaps by chance, higher 
average motives were even associated with an overall more rightward preference and 
thus LH involvement in terms of hand, foot, ear, and eye  use. Left-hand contrac-
tions by themselves did not lead to motive increases, as would be expected based 
on McClelland’s (1986) RH hypothesis. Likewise, there was little evidence for an 
association between nPower and greater LH dominance or nAffiliation and greater 
RH dominance for any of the laterality measures or for the idea that left-hand con-
tractions increase nAffiliation and right-hand contractions increase nPower. Thus, 
we found no support for the Kuhl and Kazen (2008) hypothesis.

In contrast, several findings corroborated Schultheiss’s (2018) conjecture that AI 
moderates the association between motives and laterality, although the findings were 
most pronounced for nPower, with some additional observations for nAffiliation, and 
no associations found for nAchievement. If AI was high, nPower was associated with 
more pseudoneglect (i.e., RH engagement) when participants bisected lines presented 
in the middle of the screen and with more efficient intrahemispheric than interhemi-
spheric processing, as reflected in higher CUD scores. Conversely, in low-AI indi-
viduals, nPower was associated with more neglect (i.e., LH engagement) on the LBT, 
more typical rightward side preferences for hand, foot, eye, and ear use, and enhanced 
interhemispheric processing, as reflected in lower CUD scores. Thus, for nPower 
Schultheiss’s hypothesis that motives are preferentially expressed through LH func-
tions if AI is low and through RH functions if AI is high receives some support.

Fig. 6   Effects of left hand and 
right hand contractions on 
activity inhibition (raw scores), 
adjusted for baseline activity 
inhibition raw scores. Error bars 
represent SEM. Figure available 
at https://​osf.​io/​84usb/, under a 
CC-BY4.0 license
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For nAffiliation, fewer significant findings emerged and in the opposite direction 
of those we obtained for nPower: for limb preference (handedness and footedness), 
this motive was associated with a rightward side preference in high-AI individuals, 
but not in low-AI individuals, and on the Poffenberger task, nAffiliation was associ-
ated with enhanced interhemispheric transfer in high-AI individuals only. If taken 
at face value, these findings suggest that although nAffiliation tends to be less con-
sistently associated with lateralized functions, the moderating effect of AI is in the 
opposite direction of Schultheiss’s hypothesis of high AI being associated with more 
RH, and low AI with more LH engagement, although it is consistent with the idea 
of a moderating effect of AI more generally. We also note that the opposite patterns 
of nPower x AI and nAffiliation x AI effects on laterality measures resonate to some 
extent with Kuhl and Kazen’s hypothesis of differential associations of these motives 
with the LH and the RH, but in a more complex fashion than originally proposed.

Notably, however, the previously described conjoint effects of dispositional 
motives and AI emerged for men, but not for women, as reflected in a pervasive 
Motive x AI x Sex interaction pattern similar to the patterns observed in earlier 
studies on lateralized morphological markers of steroid exposure (Köllner & Bleck, 
2020; Schultheiss et al., 2019). We suspect that this may be due to at least two fac-
tors. First, although AI has been portrayed in earlier research as a latent disposition 
for RH engagement in attention tasks regardless of sex (Schultheiss et  al., 2009), 
we found AI to be associated in different directions with handedness and footedness 
in men and women. In men, AI was generally linked to more left-handedness, but 
also more right-footedness, whereas in women we observed the opposite pattern of 
associations. This suggests that what may be true of attentional biases, for which 
Schultheiss et  al. (2009) reported an overall AI-associated rightward attentional 
FCA in women and men alike, may not hold for other indicators of laterality, for 
which sex differences in AI emerge.

Second, previous research suggests that in women FCAs (e.g., Hausmann & Burt, 
2019), interhemispheric communication (e.g., Hausmann & Güntürkün, 2000), and 
motivational needs (Schultheiss et  al., 2003) vary across the menstrual cycle, and 
that these effects are different or absent in women using hormonal contraceptives. 
Thus, in contrast to men, whose hormone levels are affected primarily by a circadian 
rhythm and tend to be more stable over time (e.g., Liening et  al., 2010), women 
experience more complex variations in their hormonal milieu over time and also 
through their use of hormonal contraceptives. Controlling for these factors and/or 
modelling them in research may be critical for determining if and when during the 
cycle associations between motives, AI, and FCAs emerge. Therefore, future stud-
ies should focus on naturally cycling women and assess salivary hormone levels 
to examine effects of estradiol, progesterone, and testosterone on concurrent task 
performance and/or motives across the menstrual cycle (e.g., Schultheiss & Zimni, 
2015) or test women in the menstrual phase only when levels of estradiol and pro-
gesterone are comparable to those of men and functional hemispheric asymmetries 
are more likely to be observed (e.g., Rode et al., 1995).

Note, however, that although we expect Motive x AI interactions to emerge more 
clearly in women under these conditions, we do not assume that they will necessar-
ily resemble those we obtained for men. The main reasons for this caveat are the 
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profound differential associations between sex and FCAs documented throughout 
neuropsychology in general (e.g., Cutting, 1997; Lezak et  al., 2012; Ocklenburg 
& Güntürkün, 2018) and, consistent with this but more specifically, the recently 
observed robust sex-dimorphic associations between AI and motive measures on 
the one hand and lateralized morphological markers of organizing effects of prena-
tal (Schultheiss et al., 2019) and pubertal steroid changes (Köllner & Bleck, 2020) 
on the other. The latter observation suggests differential developmental trajectories 
of central nervous system lateralization patterns in women and men, which likely 
interact with activating effects of current fluctuations in steroid hormone concentra-
tions in shaping lateralized cognitive and behavioral outcomes (see Ocklenburg & 
Güntürkün, 2018, pp. 306 & 307). The validity of this scenario can only be deter-
mined in future research that combines the study of lateralized brain functions with 
the measurement of motives and AI and the assessment of markers of organizing 
effects of sex steroids and current hormone concentrations in women and men.

Why did we observe motive-laterality associations more frequently for nPower than 
for nAffiliation and not at all for nAchievement? One possibility is that effects for nAf-
filiation and nAchievement are more subtle than those for nPower and require higher 
test power to be detected. While this may be true, we also think that there is consider-
able evidence now that nPower in particular is intimately tied to organizing (see above) 
and activating effects of gonadal steroids (Schultheiss, 2007; Stanton & Schultheiss, 
2009) and that because these hormones impinge both on the development and expres-
sion of this motive and FCAs, associations with laterality measures are more likely to 
be observed for nPower than for other motives. A third possible explanation concerns 
motive assessment. Winter’s (1994) running-text system, which we employed for motive 
assessment in the present study, is particularly fine-grained and broadly validated for the 
assessment of nPower, but less so for nAffiliation and nAchievement. Perhaps the use of 
more nuanced coding systems for these motive dispositions, like McKay’s (1992) affili-
ative trust/mistrust coding system or McClelland et al.’s (1953) original nAchievement 
coding system, will provide more clear-cut findings in future research.

Like our findings for dispositional motives, results for the hand-contraction 
manipulation suggest that motivational states can be changed through either LH or 
RH functional activation (but perhaps not both simultaneously). Participants who 
had repeatedly pressed a ball with either the left hand or the right hand subsequently 
wrote stories more saturated with power and achievement imagery and compara-
tively less saturated with affiliation imagery, whereas participants who either had not 
squeezed a ball or squeezed balls with both hands simultaneously wrote stories with 
less power and achievement imagery and relatively more affiliation imagery. These 
findings emerged above and beyond dispositional motive differences, which we con-
trolled for in our analyses. However, the Left Hand x Right Hand interaction pat-
tern was statistically significant only after combining motive measures into a PMD 
variable that contrasts the agentic motives nPower and nAchievement against the 
communal nAffiliation motive (see Brunstein et al., 1998). When we looked at each 
motive separately, the interaction effect was close to the 0.05 threshold for nPower 
only, whereas it failed to become significant for the other two motives. Moreover, 
probably due to the disordinal interaction pattern we were unable to find significant 
between-group differences in post-hoc analyses. We tentatively interpret our findings 
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in the following way: if neither hemisphere is engaged in vigorous motor activity, a 
being-oriented affiliation-motivated state is likely to predominate (see McAdams & 
Powers, 1981). However, if motor activation occurs in either the left or the right hem-
isphere, a doing-oriented power-motivated state (and to some extent an achievement-
motivated state, too) takes hold (see Kuhl & Kazen, 2008). If we take our results for 
bimanual activation at face value, they suggest that activation of motor areas in both 
hemispheres simultaneously leads to partial suppression of agentic motives, perhaps 
via interhemispheric inhibition processes. However, this interpretation rests on the 
assumption that the decreased agentic motivational state we observed in the bimanual 
squeezing condition can be replicated in future research using samples with better 
power for detecting conjoint effects of left- and right-hand contractions.

With regard to motor activation effects on AI we obtained a clear-cut asymmetry 
result: left-hand contractions, but not right-hand contractions, led to an AI decrease, 
with no sex difference evident for this effect. This observation is consistent with 
the characterization of AI as a lateralized attentional disposition (Schultheiss et al., 
2009) and as a brake on action execution (McClelland, 1987), although the direc-
tion of the effect may be surprising at first blush: Why is activation of RH motor 
cortex associated with decreased AI? We offer the following explanation: The right 
prefrontal cortex has been described as a hub of inhibitory functions (Depue et al., 
2016) and as the locus of sentential negations (Beltrán et al., 2018). Both descrip-
tions fit the cognitive and behavioral correlates of AI. We therefore suspect that 
activation of the RH motor cortex by squeezing a ball with the left hand leads to 
a decrease of ipsilateral right prefrontal functions involved in inhibition and hence 
in the spontaneous use of the negation not, as reflected in reduced AI levels. This 
account is consistent with the observation that hand movements similar to those we 
used in our research are associated not only with the expected motor cortex signal 
increases, but also with signal decreases in ipsilateral prefrontal areas in an fMRI 
study (Nakata et al., 2019) and, in the case of left-hand contractions, with decreased 
cortical activity in an EEG study (Cross-Villasana et al., 2016).3

Results for experimental hand contraction manipulations on motives and AI 
could not be attributed to effects on overall word count, which stayed highly stable 
from baseline to post-manipulation assessment and changes in which failed to show 
significant main and interaction effects of the experimental manipulation.

Limitations

Although our present study advances our understanding of the links between 
motives and FCAs, we acknowledge a number of limitations associated with it 
beyond those we have already mentioned. First, the selection of FCA-associated 
tasks we used in the present research was biased towards the nonverbal-spatial 
domain; complementary tasks assessing functional asymmetries related to LH 
functions such as language (e.g., Willemin et al., 2016) and categorization (e.g., 
Gilbert et al., 2008) were missing from our battery.

3  As one reviewer suggested, future research could also employ the reverse strategy and test how experi-
mental motive arousal (e.g., Schultheiss et al., 2004) impacts FCAs.
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Second, with the exception of turning bias and perhaps the motor laterality 
index derived from the Poffenberger task, one could argue that the FCA measures 
we employed were better geared towards assessing perceptual and cognitive later-
ality biases, but less well suited for measuring laterality of actual behavior oper-
ating on the environment, such as throwing, catching, or fine-motor performance. 
Future research on motives and laterality should therefore use a more comprehen-
sive set of tests including, in addition to tests tapping nonverbal-spatial cognition, 
also tests assessing LH-lateralized cognitive functions as well as FCAs in behav-
ioral performance (see, for instance, Parker et al., 2020).

Third, because we used brief and economical, but non-standard measures of hand-
edness, footedness, and eye and ear preferences, our present findings may be difficult 
to compare to research employing more extensive, standardized measures such as the 
Edinburgh Handedness Inventory (Oldfield, 1971) or the Waterloo Footedness Ques-
tionnaire (Elias et  al., 1998). Moreover, eye preference can also be assessed more 
directly and unobtrusively by using the hole-in-card test of ocular dominance (Miles, 
1930) and ear preference via dichotic-listening tasks (Hugdahl, 2011).

Fourth, the CFT we employed featured only the emotion happiness. It might be 
worthwhile to use chimeric faces displaying multiple emotions in future research, 
particularly because motives are known to influence responses to facial expres-
sions in specific ways (for review: Stanton et al., 2010) that may also interact with 
the side of presentation.

Fifth, although the four-picture PSE we used for the assessment of disposi-
tional motives and AI provided reasonable score distributions, it was geared to 
the needs of this study and did not represent the more commonly used six-picture 
PSE described by Pang and Schultheiss (2005) for the assessment of motive dis-
positions. Here, too, future research could benefit from preferring the standard-
ized instrument over custom-tailored assessment tools.

Finally, given the complexity of the Motive x AI x Sex interaction effects we 
observed in the present study, future studies should be better powered to detect 
such subtle effects, particularly when following them up for each sex. Although 
our sample was adequately powered to detect bivariate associations between 
motives and FCAs and thus to test the McClelland and Kuhl and Kazen hypoth-
eses, it was underpowered to detect more complex two-way and three-way inter-
actions and to provide adequate power for within-gender follow-up tests. Our 
previous arguments for cycle- and contraception-related effects notwithstanding, 
higher relative test power may help detect whatever associations between motives 
and FCAs may exist in women and men.

Conclusion

To sum up, the present research explored to what extent fundamental motivational 
needs for power, achievement, and affiliation are associated with FCAs, as assessed 
per tasks and self-report. Overall, results for motive dispositions were much more 
consistent with Schultheiss’s (2018) hypothesis that motives are associated with 
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functional hemispheric asymmetries (and interhemispheric processing) in an AI-
dependent fashion than either with McClelland’s (1986) RH hypothesis or with Kuhl 
and Kazen’s (2008) nPower-LH/nAffiliation-RH hypothesis. However, they emerged 
in a sex-dimorphic way and were most frequent for nPower, limited for nAffilia-
tion, and absent for nAchievement. Experimental manipulation of LH and RH motor 
cortex activation through right-hand and left-hand contractions, respectively, like-
wise suggested that both hemispheres could contribute to changes in motivational 
states, particularly with regard to power motivation. In contrast, changes in AI were 
specifically associated with RH activation. Overall, these findings suggest that more 
in-depth research on the link between motives and dispositional laterality (AI) on 
the one hand and FCA measures on the other has great potential for advancing both 
motivation science and the study of laterality.
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