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1. Introduction 

This thesis revolves around two key concepts of psychology: motivation and learning. 

In both domains, the focus is placed on largely unconscious phenomena. I will investigate the 

capacity of implicit motives, motivational dispositions for attaining certain classes of 

incentives while avoiding specific classes of disincentives (Schultheiss, 2008), to shape 

implicit instrumental conditioning (Skinner, 1963; Weiss, 2014) processes. While the 

conscious rules guiding our behavior cannot be predicted very well by implicit motives (for 

an overview, see Schultheiss, 2008), they select behavior (McClelland, 1987) at the implicit 

level. Implicit processes were measured using implicit learning, the non-intentional and 

unconscious acquisition of abstract knowledge about the environment (A. S. Reber, 1989). 

This phenomenon also is of considerable relevance to our everyday-behavior, as Lieberman 

(2000) suggested implicit learning as the substrate of social intuition. This thesis will try to 

bring those concepts together. 

A link between implicit learning and motive research was provided by Schultheiss 

and Schiepe-Tiska (2013) who proposed that individual differences in the power motive, a 

capacity for experiencing impact exerted on others as rewarding (see Schultheiss, 2008), 

decide on the rewarding or punishing properties of situational outcomes related to dominance 

and therefore on the degree of implicit learning occurring along with such outcomes. 

Building on pioneering work in this field demonstrating that implicit motives shape behavior 

in reaction to contingencies (Schultheiss, Pang, Torges, Wirth, & Treynor, 2005; Schultheiss 

& Rohde, 2002; Schultheiss, Wirth, et al., 2005), I will systematically explore 

interrelationships between these concepts and simultaneously try to optimize the Differential 

Implicit Learning Task (DILT; see Schultheiss, Pang, et al., 2005; cf. Nissen & Bullemer, 

1987) for the detection of such relationships. Using facial expressions of emotion (FEEs) as 

incentives or disincentives for implicit motives (see Stanton, Hall, & Schultheiss, 2010), 
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another key concept of psychology, emotion, will be of central importance to the studies 

reported here. FEEs were chosen as reinforcers for the power motive, on which this thesis 

places special emphasis, to approach a “natural” setting apt for interpretations in terms of 

social intuition – as far as a standardized, replicable lab paradigm can do so. FEEs are 

connected to everyday life, easy to include in various tasks and above that the most 

significant social information source (Keltner & Haidt, 1999; Stanton et al., 2010). 

This section provides the complete theoretical framework for this thesis, avoiding 

redundant theoretical passages in the sub-studies. I start off with a look at the implicit motive 

system, its content domains, measurement as well as its correlates and associated behaviors. 

Contrasting implicit motives with an explicit motivational system along these aspects, I will 

elucidate why these two largely independent (McClelland, Koestner, & Weinberger, 1989; 

Spangler, 1992) systems represent different aspects of personality. Portraying implicit 

motives as capacities for satisfaction (Atkinson, 1957) will show their affective core and their 

sensitivity to emotionally relevant stimuli like FEEs which in turn should influence implicit 

learning (Schultheiss, Pang, et al., 2005). Next, I turn to instrumental conditioning and the 

reason for choosing implicit learning as testing ground for my main idea. Portraying 

biological substrates of implicit learning will further clarify why some key decisions were 

kept constant across most sub-studies. Presenting theoretical considerations and empirical 

evidence concerning links between motives and implicit learning, I provide additional 

arguments why this phenomenon is particularly suited to demonstrate instrumental 

conditioning effects of implicit motives. Finally, I explain the importance of emotion for this 

thesis, with special emphasis on FEEs, and describe additional variables that need to be 

considered to optimize the explanative power of my model. Finally, I point to questions that 

still need to be addressed by presenting a framework for systematically testing those 

conditioning effects. In addition, I speculate on possibilities for optimizing the DILT as a 
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sound paradigm for studying those phenomena in controlled lab-settings. This section ends 

with an overview of the four studies derived from these considerations. 

1.1 Implicit Motives 

The operational concept reward denotes the positive value which a given creature 

ascribes to a given object, behavioral act, or internal physical state (Schultz, Dayan, & 

Montague, 1997). Berridge and Robinson (2003a) presented a larger reward model 

containing the three categories that are of major importance in this thesis: Motivation, 

learning, and emotion. According to the authors, those categories can be further subdivided 

into their implicit and explicit psychological components (Berridge & Robinson, 2003b). 

Motivation in general can be viewed as closely similar to McClelland´s description of 

motives: it is capable of orienting attention, as well as energizing and selecting behavior 

(McClelland, 1987). However, I am cautious about approaching this term on a too general 

level, as psychology mirrors the implicit-explicit-distinction postulated in neuroscience by 

acknowledging two different motivational systems that react to different incentive types, 

predict different kinds of behavior and are measured in different ways (McClelland et al., 

1989) and which possibly have different neural substrates (Schultheiss, 2007). 

The term implicit motives refers to motivational dispositions working outside of an 

individual´s conscious awareness which are directed at attaining specific incentive classes, 

but also at avoiding specific disincentive classes (Schultheiss, 2008). In the last decades, 

research on implicit motives concentrated on the “Big Three of motivation” (Schultheiss & 

Brunstein, 2001, p. 72), the need for Achievement (abbreviated as n Achievement), a capacity 

for reaping pleasure from autonomously mastering challenging tasks, the need for affiliation 

(n Affiliation), a capacity to experience establishing, maintaining, or restoring positive, 

harmonious relationships with other people as satisfying, and the need for power (n Power), 

the capacity to experience having impact on other people, be it emotional, mental or physical 
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as satisfying which simultaneously imbues the impact of others one oneself with an aversive 

quality (see Schultheiss, 2008). This thesis places emphasis upon the social motives 

affiliation and power (Stanton et al., 2010), because for them a direct impact of social cues 

like FEEs (cf. Keltner & Haidt, 1999; Stanton et al., 2010) is most plausible.  

Implicit motives are distinct from explicit or self-attributed motives of the same 

domain (e.g., achievement, affiliation, power) which are consciously accessible, thus 

verbalizable and consequently measured via various forms of self-reports, especially 

questionnaires (McClelland et al., 1989; Schultheiss, 2008), ranging from self-ascribed values 

or preferences (Hofer, Chasiotis, & Campos, 2006) to personal goals (Brunstein, Schultheiss, 

& Grässmann, 1998) and wishes (King, 1995). 

Already in the early stages of motive research (e.g., Biernat, 1989; DeCharms, 

Morrison, Reitman, & McClelland, 1955), implicit motives were shown to predict different 

behaviors and outcomes than explicit motives (see Schultheiss, 2008, for an overview). 

Looking at n Power, this may mean that actual video game performance in Tetris is predicted 

by the implicit n Power if one can enter a high-score list, eliminating other players` entries 

(Schultheiss & Brunstein, 1999), while the explicit power motive would predict the explicit 

statement to score highest (Schultheiss, 1996, 2008). In general, implicit motives typically 

predict performance, but are less predictive of choices and judgments, while it is the other 

way round for explicit motives – a double dissociation (Schultheiss, 2008). 

Even more important to the studies below is the differential sensitivity to different 

kinds of cues shown by implicit and explicit motives (Schultheiss, 2008). Implicit motives 

preferentially react to nonverbal, experiential cues (see Schultheiss, 2008, for an overview; 

e.g, Schultheiss & Brunstein, 2002), and this is particularly true for FEEs, the nonverbal cues 

used in this thesis: They are nonverbal social signals usable as incentives for motives 

(Schultheiss, Pang, et al., 2005; cf. Stanton et al., 2010). Verbal cues on the other hand seem 



15 
 

to be suitable incentives for explicit motives, like explicit questions if one wants to lead or 

organize a subsequent task (Biernat, 1989) or the judgment of supposed experts, to which 

people high in the explicit achievement motive adjusted their own judgments (DeCharms et 

al., 1955). It is evident why usage of FEEs and not of verbal communication is required for 

my instrumental reinforcement, if I truly want to engage implicit motives. 

As implicit motives work outside of our conscious awareness, the standard method for 

measuring them is the Picture Story Exercise (PSE; McClelland et al., 1989; for a detailed 

discussion of measurement issues and practical recommendations see Schultheiss & Pang, 

2007). The PSE requires research participants to write an imaginative story in reaction to a 

picture cue depicting persons in social situations, like two trapeze artists performing or a 

captain apparently talking to another person (for a list of and empirical data on such pictures 

see Pang, 2010; Pang & Schultheiss, 2005; Schultheiss & Pang, 2007). The stories produced 

are subsequently scored with empirically derived coding systems to arrive at an indicator of a 

person´s implicit motives (Schultheiss & Pang, 2007). Empirical derivation and validation of 

coding systems includes comparing stories produced by a group of research participants in 

which a motive has been aroused with stories of a control group and distilling themes 

differing between those groups into a new coding system (Winter, 1998). This approach 

constitutes a major difference to the Thematic Apperception Test (TAT; Morgan & Murray, 

1935), from which the PSE was originally derived (Winter, 1999). Empirical derivation of 

coding systems conforms to a modern approach to validity, according to which, if a test 

measures an attribute in a valid way, this attribute (a) has to exist and (b) its variations must 

have causal effects on measurement outcome variations (Borsboom, Mellenbergh, & van 

Heerden, 2004). Thus, the PSE combined with those coding systems is a valid motive 

measure (Schultheiss & Köllner, 2014). Over time, many coding systems for implicit motives 

were developed (for an overview of frequently used systems, see Schultheiss & Pang, 2007; 
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for detailed descriptions, see Smith, 1992). In this thesis, I use the Manual for Scoring Motive 

Imagery in Running Text (Winter, 1994), because it allows scoring of all three motives 

simultaneously, demonstrates good predictive validity for a wide range of phenomena and is 

less time-consuming and easier to use than other coding systems (Schultheiss & Pang, 2007).  

Summing up and also considering the special way of measuring them, implicit 

motives are distinct from explicit, self-attributed motives which are consciously accessible, 

verbalizable, particularly responsive to verbal cues, predict planned behavior or choices, and 

are assessed in self-reports. 

Given such fundamental differences, it is not surprising that measures of implicit and 

explicit motives of the same domain usually produce no or only weak correlations 

(McClelland et al., 1989; Schultheiss, 2008), a pervasive finding that was corroborated in 

several reviews (Fineman, 1977; Niitamo, 1999; Weinstein, 1969) and even meta-

analytically, first for n Achievement (Spangler, 1992) and recently for all three motives 

separately as well as for the overall implicit-explicit correlation (Köllner & Schultheiss, 

2014). Thus it has been repeatedly shown that implicit motives are not accessible via 

introspective methods or self-reports. Given this fact, its ample documentation, as well as the 

meta-analytical finding that implicit and explicit motives react to different incentives anyway 

(Spangler, 1992), this thesis will not report new data on implicit-explicit independence or try 

to achieve the same conditioning results with standard questionnaires, but dedicate all effort 

to the central aim of establishing if implicit motives influence instrumental conditioning. 

Additional support for my decision to focus on implicit motives comes from the fact 

that they are such basic phenomena that they link to biological phenomena (see Schultheiss, 

2008, for an overview). Considering the social motives, n Affiliation for example is 

associated with less susceptibility to disease (Jemmott, 1987) and positively linked to 

progesterone levels (Schultheiss, Wirth, & Stanton, 2004; Wirth & Schultheiss, 2006). N 
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Power can increase sympathetic activation, compromise immune function and elevate blood 

pressure when stressed (McClelland, 1982; McClelland, Alexander, & Marks, 1982) and is 

linked to testosterone levels (Schultheiss, Campbell, & McClelland, 1999). 

Aside from these basic biological phenomena, life course outcomes like managerial 

(McClelland & Boyatzis, 1982) or general work accomplishment (McClelland & Franz, 

1992) for n Power and even large scale outcomes of motive levels like links between 

collective n Achievement and economic growth or between n Affiliation, n Power and war 

and peace were observed (see Schultheiss, 2008, for an overview). It is obvious that implicit 

motives predict a wide range of outcomes. 

1.2 Affective quality of implicit-motive engagement 

However, one characteristic of implicit motives is most central to this thesis: The 

basic premise on which I postulate scaling effects of implicit motives on instrumental 

conditioning is their function as affect amplifiers (for an overview, see Schultheiss & Köllner, 

2014), meaning that they strengthen the rewarding quality of incentive attainment, but also 

the aversive quality of being confronted with disincentives (Schultheiss, 2008). This is crucial 

to my research, as the FEEs that I will use as reinforcers should thus vary in the strength of 

their rewarding or punishing incentive quality depending on the motive strength of the 

perceiving individual (see Stanton et al., 2010, for an overview), with motives thus scaling 

the conditioning effects observed in my paradigm (cf. Schultheiss, Pang, et al., 2005).  

The affect-amplifying function of motives was acknowledged by portraying them as 

capacities for satisfaction (Atkinson, 1957) and guides research in this field (cf. Rösch, 2012; 

Schultheiss, 2008). If pleasure or displeasure is viewed as “common currency” for deciding 

which needs or behaviors are pursued by an organism (Cabanac, 1992, p. 173), the relevance 

of such amplifiers becomes evident. They most likely have an evolutionary background, as 

hedonic processes accompany all goal stimuli for biologically ingrained motivations 
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(Berridge, 2004) and biological affects in turn may be the physiological basis for the social 

affects (Buck, 1999) I want to utilize for instrumental conditioning. Schultheiss and Köllner 

(2014) identified two research areas, emotional well- being and facial affect, most suitable for 

elucidating the affect-amplifying function of implicit motives: 

In the domain of emotional or subjective well-being, motives seem to provide affect-

amplification in the form of affectively charging motive-congruent goals, for example a 

power motivated person striving for a position where dominance over others can be exerted, 

in contrast to motive-irrelevant goals, like a primarily power-motivated or low-affiliation 

person consciously deciding to spend more time with friends and family, where no such 

charging occurs (“hot” and “cold” goal pursuit, respectively; Schultheiss, Jones, Davis, & 

Kley, 2008). Emotional well-being is achieved when pursuing and making progress towards 

motive-matching goals (e.g. Brunstein, Lautenschlager, Nawroth, Pöhlmann, & Schultheiss, 

1995; Brunstein et al., 1998), and only such “charged” goals seem to relate to depressivity, 

with fewer symptoms occurring when progress is made towards them (Pueschel, Schulte, & 

Michalak, 2011). A similar pattern is observed in cross-cultural studies for the more cognitive 

side of well-being, life-satisfaction (e.g., Diener, Oishi, & Lucas, 2003), which tends to be 

higher if motive-matching goals (Hofer, Busch, Bond, Li, & Law, 2010; Hofer & Chasiotis, 

2003) or values (Hofer et al., 2006) are adopted. 

A second line of evidence is electromyography (EMG) research that tries to 

objectively assess affect. This research builds on the finding that positive or negative event-

related affect relates to facial muscle activity, as the corrugator supercilii for example is 

inhibited for the former and more activated for the latter affective-response category (Larsen, 

Norris, & Cacioppo, 2003). For people high, as compared to those low, in n Achievement, a 

strong initial increase of corrugator activity when confronted with failure feedback has been 

documented, that is dampened in the aftermath, perhaps to be able to adaptively respond to 
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the challenge (Kordik, 2012). For n Affiliation, people high, as compared to those low, in this 

need, respond with stronger corrugator activation to a neutral as compared to a smiling 

experimenter (Kordik, Eska, & Schultheiss, 2012), pointing to the affect-amplifying 

dimension of motives specifically in social interactions. For n Power, my main focus, greater 

corrugator activity was documented when watching a videotaped assertive job applicant 

compared to a compliant one when this need is high as compared to low (Fodor, Wick, & 

Hartsen, 2006).  In addition, if high-power individuals experience power stress (McClelland 

et al., 1982; McClelland, Floor, Davidson, & Saron, 1980) by being exposed to negative 

audience reactions (e.g. frowning, sighing, yawning) to a speech delivered by them, their 

corrugator activity also is greater than for individuals low in n Power (Fodor & Wick, 2009). 

Especially the latter study constitutes objective evidence of the affect-amplifying function of 

n Power in the context of social interaction. This is also relevant to this thesis that will use 

FEEs – the most salient source of social information (Stanton et al., 2010) for such 

interactions – as n Power-relevant reinforcers. 

Hormones, a third line of evidence not covered by Schultheiss and Köllner (2014), are 

not described here either, as I did not analyze them and I do not know of any study including 

PSE data that experimentally varied hormone levels and assessed affective and behavioral 

outcomes afterwards. However, in discussing previous studies on implicit motives and 

conditioning, I refer to theorizing for example tying testosterone changes to reinforcement 

effects in the context of dominance success or failure (Mazur, 1985; for motive-related 

research in this area see Schultheiss & Rohde, 2002; Schultheiss, Wirth, et al., 2005). 

Taken together, there is ample evidence for understanding implicit motives as affect 

amplifiers. This affect-enhancing quality imbues motive-relevant cues with strong incentive 

properties (Stanton et al., 2010). Stanton et al. (2010) mention nonverbal social signals as 

incentives for motives, in particular FEEs. Thus, FEEs signaling dominance (e.g. happiness, 
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anger) should be more aversive to a power-motivated perceiver than to a person low in this 

motive, because they may indicate a threat to one´s own dominance status, while submissive 

FEEs (e.g. surprise) should have incentive character in the presence of a strong n Power (cf. 

Stanton et al., 2010, Figure 2). The reinforcing property of FEEs as incentives for implicit 

instrumental learning was demonstrated by Schultheiss, Pang, et al. (2005) and is investigated 

further in my Studies 2 to 4.  

1.3 Implicit learning and instrumental conditioning 

Implicit learning closely fits into my framework, because the reward model by 

Berridge and Robinson (2003b) places instrumental response reinforcement at the implicit (or 

associative) side of learning, making implicit learning a natural testing ground for my ends. 

In the following, I define what I mean by instrumental conditioning and implicit learning, 

respectively. 

On the one hand, instrumental, or operant, conditioning would be increasing the rate 

of a given behavior by adding a reinforcing consequence, while extinction would be taking 

away this consequence, thus decreasing the rate of occurrence of a given behavioral response 

(Skinner, 1963). On a more general level, instrumental conditioning means the strengthening 

of behaviors producing reinforcers like food or approval and the weakening of behaviors 

producing aversive situations like shocks or rejection (Weiss, 2014). To achieve this, 

reinforcement must be contingent on specific responses (Berridge & Robinson, 2003b). I 

adopt the general latter definition and deliberately use the term “instrumental”, even if 

Skinner (1963, p. 505) criticized that it suggested the “use of tools” or contained “purposive 

overtones”. However, the latter aspect, even if working outside of conscious awareness in the 

case of implicit motives, is precisely my view of what is inherent to human motivation, i.e. 

orienting and selecting behavior (McClelland, 1987), and so this term is suitable for my 

approach to personality-disposition-dependent conditioning. 
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Implicit learning, on the other hand, is the ability to express acquired information in 

one´s performance without conscious awareness of memory (P. J. Reber, 2013). The 

knowledge about the environment produced by implicit learning is acquired non-intentionally 

and unconsciously, and abstract in nature (cf. A. S. Reber, 1967; A. S. Reber, 1989). As such, 

it is distinct from explicit learning characterized by awareness of what has been learned and 

of the learned information´s influence on behavior (Rauch et al., 1995). A similar distinction 

can be made for fact- and event-related declarative, conscious memory versus non-declarative 

memory including aspects like priming or simple conditioning (P. J. Reber & Squire, 1998). 

The distinction between implicit and explicit learning also closely resembles the one for 

implicit and explicit motives detailed above, making the combination of implicit motives and 

implicit learning an ideal ground for examining implicit instrumental conditioning 

As my assumptions rest on the premise that I am dealing with implicit phenomena, I 

have to control for parallel explicit learning in my designs, especially since Lieberman (2000) 

speculated that explicit sequence learning via the hippocampus may even interfere with 

implicit learning in the basal ganglia. However, memory research (e.g., P. J. Reber, 

Knowlton, & Squire, 1996; P. J. Reber & Squire, 1998) is in favor of separate representation 

of implicit and explicit knowledge acquisition and distinct declarative and non-declarative 

memory systems (Squire, 2004), as even explicitly instructing participants on the nature of a 

task does not improve subsequent implicit learning, but clearly enhances explicit learning 

(Sanchez & Reber, 2013). Thus, while I keep explicit learning assessment in my designs 

considering Lieberman´s (2000) argument, even if robust explicit learning should emerge in 

the sub-studies this would not necessarily endanger conclusions in terms of implicit learning. 

Important to my thesis is the positioning of this type of learning within my general 

framework as a means to get at influences of implicit motives on implicit instrumental 

conditioning. Thus the “implicitness” of implicit learning seemed particularly apt for getting 
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at them without too much interference of explicit learning and other conscious processes. 

Yet, implicit learning, if viewed in isolation, is not my main focus. I thus refrain from 

exhaustively discussing the complexities and challenges of implicit learning research. These 

topics are adequately addressed by countless classical implicit learning studies (e.g. Nissen & 

Bullemer, 1987; Rauch et al., 1995; Reed & Johnson, 1994) and theoretical or methodical 

papers (e.g., P. J. Reber, 2013; Reed & Johnson, 1998; Seger, 1994) more focused on this 

topic. Also, even if recent ideas of reconceptualizing implicit memory and implicit learning 

effects as a general adaptive cortical plasticity of neural networks instead of a coherent 

memory systems (P. J. Reber, 2013) may lead to a redefinition of implicit-learning-

terminology in the future, this does not endanger my use of an established implicit-learning-

paradigm and drawing conclusions in terms of the framework by Berridge and Robinson 

(2003b). Thus, I stick with the classical terminology for reasons of descriptive simplicity. 

Implicit learning is particularly suited for testing instrumental conditioning effects of 

implicit motives, as it is affected by personality dispositions and conditioning procedures, 

like anxiety and punishment (Corr, Pickering, & Gray, 1997). Also, some studies already 

provided evidence of motives` instrumental conditioning effects on implicit learning 

(Schultheiss, Pang, et al., 2005; Schultheiss & Rohde, 2002; Schultheiss, Wirth, et al., 2005). 

As especially implicit sequence learning was already successfully used for studying motives` 

effects on implicit learning (e.g. Schultheiss, Pang, et al., 2005; Schultheiss, Wirth, et al., 

2005), in testing a principle I will systematically use this paradigm. Learning within such a 

task can be considered instrumental, as behaviors instrumental to attain motive-specific 

reinforcers (FEEs or contest outcomes, respectively) are learned, like demonstrating superior 

performance due to implicitly learning a sequence (cf. Schultheiss, Wirth, et al., 2005).  

My method of choice, allowing for controlled, easy and unobtrusive repetitive 

presentation of reinforcers, was the DILT by Schultheiss, Pang, et al. (2005) who tested 



23 
 

implicit motives` ability to shape complex behavioral learning without accompanying 

conscious awareness. It is a variant of the classical Serial Response Task/Serial Reaction 

Time task-paradigm (SRT; Nissen & Bullemer, 1987), an established, frequently used 

implicit-learning-paradigm (e.g. in Perruchet & Amorim, 1992; Pronk & Visser, 2010; Rauch 

et al., 1997; P. J. Reber & Squire, 1998), requiring participants to press a key corresponding 

to one of several screen locations where a target stimulus appears on each trial, while the 

pattern of a series of target screen locations is repeated without knowledge of the participants 

(e.g. Nissen & Bullemer, 1987). 

The central implicit learning measure employed throughout this thesis is an indirect 

test called negative transfer effect  - the fact that individuals that were repeatedly exposed to a 

fixed sequence of target locations first get faster with practice, or, in my case, show higher 

execution accuracy with fewer errors, and then get slower, or more inaccurate, respectively, 

as the fixed sequence is replaced by random target locations in a random sequence (e.g., Reed 

& Johnson, 1998). 

1.3.1 Biological substrates. 

A brain area of probable major relevance to implicit learning are the basal ganglia 

(Seger, 1994) because of their ability to learn repeating temporal predictor-reward 

relationships regardless of a conscious learning intention (Lieberman, 2000). They thus play a 

central role in the motivational aspect of reward-based procedural learning (Hikosaka et al., 

1999). Their relationships to simple association learning (Packard, Hirsh, & White, 1989) and 

habit learning (Mishkin, Malamut, & Bachevalier, 1984) further underscore their role in 

implicit learning (see Seger, 1994, for an overview). 

The striatum is a part of the basal ganglia receiving input from numerous limbic and 

cortical areas (Lieberman, 2000) which is sensitive to motivational aspects (Delgado, 

Stenger, & Fiez, 2004). Also, it has been linked to reinforcement-based learning (Delgado, 
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Miller, Inati, & Phelps, 2005). It includes three structures, caudate, nucleus accumbens and 

putamen, and is sometimes subdivided in its dorsal or upper part, formed by the caudate body 

and the putamen, and its ventral or lower part, consisting of the caudate head and the nucleus 

accumbens (Lieberman, 2000). In the ventral striatum, for example, the nucleus accumbens 

shows increased activity when reward prediction errors are processed,  i.e. when an expected 

conditioned reward does not occur, while this effect does not extend to neutral stimuli 

without reward value (Pagnoni, Zink, Montague, & Berns, 2002).  

Thus the striatum is of central importance when relating my theorizing to 

neuroscience. As this region is not only associated with reward-related signals, but also 

belongs to the neural substrate for procedural learning (Wächter, Lungu, Liu, Willingham, & 

Ashe, 2009), it is crucial when studying instrumental conditioning in an SRT-paradigm. 

Therefore, the considerations by Schultheiss and Schiepe-Tiska (2013) were seminal 

to the affective-scaling-of-reinforcers hypothesis underlying my thesis: They specifically 

implied the dorsoanterior striatum in understanding reinforcement phenomena related to n 

Power (and probably other motives, too) in the context of compatible incentives, because this 

area seems to be important when spatial sequences of stimuli are learned on the basis of 

dopamine-activity (Hikosaka, Nakamura, Sakai, & Nakahara, 2002). Also, individuals high in 

n Power show increased activity in the striatum when confronted with emotional FEEs, the 

reinforcers used in this thesis, for example anger faces (Schultheiss, Wirth, et al., 2008).   

In addition, I will focus on implicit learning accuracy, not on sequence execution 

speed, because learning in the basal ganglia seems to be contingent on dopamine-mediated 

error signals (Hikosaka et al., 2002) and, correspondingly, n Power was shown to mainly 

enhance SRT accuracy, not speed (Schiepe-Tiska, 2013; Schultheiss, Pang, et al., 2005; cf. 

Schultheiss & Schiepe-Tiska, 2013; Schultheiss, Wirth, et al., 2005). Thus, one goal of this 

thesis is the construction of an accuracy-optimized DILT to reliably detect the postulated 
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effects. This means I will try to find a DILT-version sensitive to accuracy-related learning 

gains, which requires that participants make enough errors on a simple key-pressing task to 

reliably observe a discernible rise in error rates from fixed to random sequences (i.e., the 

negative-transfer effect). 

In sum, the joint characteristics of the dorsoanterior striatum – a role in n Power-

dependent reinforcement and the simultaneous importance to spatial stimulus-sequence 

acquisition (Schultheiss & Schiepe-Tiska, 2013) – provide a neurobiological answer as to 

why I specifically chose n Power on the side of motives and the SRT-based DILT on the side 

of implicit learning paradigms to test the proposed instrumental conditioning principle. 

However, while placing emphasis on n Power seems most promising, n Affiliation will be 

considered in some additional analyses, too. 

1.4 Previous research including motives and (instrumental) implicit learning.  

To my best knowledge, the first study linking implicit motives in association with 

situational outcomes to instrumental learning was conducted by Schultheiss and Rohde 

(2002), resembling my approach in focusing on n Power and in that an indicator of implicit 

learning was used as a dependent variable. Male participants competing against each other in 

dyads in a Number Tracking Test (NTT), requiring them to connect numbers in ascending 

order with a pen, were assigned to losing or winning conditions by covertly giving one of the 

participants a shorter NTT on given trials. Situational outcome was varied as a function of 

losing or winning the contest on most of the trials, which might be aversive or reinforcing, 

respectively, to high-power individuals because of the competitive design (being forced to 

leave one´s test unfinished when being beaten or saying “Done” when finishing earlier than 

one´s opponent). Implicit learning was assessed by placing learnable visuomotor regularities, 

i.e. repeating pen movement directions, in some of the NTT forms and later comparing 

performance on post-contest NTT forms featuring the same regularities with performance on 
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NTT forms in which no pen movement regularities were included and movement directions 

were random. Also, Schultheiss and Rohde (2002) tested for a moderation of n Power on 

post-contest testosterone increases. In doing so, they drew on the theory that after a victory 

(Mazur, 1985), for example after having defended or achieved a high rank, testosterone 

increases might reinforce behavior instrumental for achieving this dominance success. 

Their results were influenced by activity inhibition (AI; e.g. Langens, 2010), initially 

defined as a propensity for inhibiting motivational impulses, which is assessed by counting 

the word “not” in written material like PSE stories (cf. Langens, 2007; for an overview on the 

history of AI, see Langens, 2010): Only for low-AI males high in n Power there was a pattern 

of testosterone increase and enhanced implicit learning in the winning condition, while 

showing impaired learning and no testosterone changes in the losing condition. Schultheiss 

and Rohde (2002) suggested that for low-AI individuals high in n Power the impact 

experience when beating an opponent is rewarding and thus energizes instrumental behavior 

towards this outcome in the future, while the reverse is true for the aversvie experience 

associated with being beaten. 

Schultheiss, Wirth, et al. (2005) conducted a similar study which already used an 

SRT-paradigm and experimentally varied outcomes of dominance-contests. Operating on the 

instrumental-learning hypothesis that participants high, but not those low, in n Power would 

exhibit improved implicit learning after victory and impaired implicit learning after defeat, 

they explicitly mentioned the idea of scaling effects of n Power on the reinforcing properties 

of impact experiences. In their first study, male participants competed against each other one-

on-one on separate PCs and believed that their scores on a repeated series of contest SRT-

trials would be compared, determining the winner and loser of the respective round – actually 

the number of rounds won was predetermined irrespective of actual performance. Implicit 

learning as evidenced by an advantage of post-contest fixed versus random sequences was 
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enhanced by n Power for winners, but impaired by n Power for losers, and testosterone 

increases versus decreases even mirrored this pattern hormonally, respectively. Most 

importantly, the accuracy criterion provided the strongest results. Using the same design for 

female participants in a second study, accuracy again provided the best results. For winners, n 

Power was associated with better learning, for losers it was associated with impaired 

learning. For testosterone, effects were less clear than for men, with high-power females 

showing a general increase in the context of the contest situation with a stronger increase for 

losers and testosterone not enhancing learning. An explicit measure of post-contest mood was 

only associated with situational outcome, but not with n Power, implicit learning or 

testosterone, stressing the implicitness of the scaling effects. While in conjunction with 

Schultheiss and Rohde (2002) providing a strong basis for assuming motive effects on 

instrumental learning, this study again relied on feedback that was not contingent on actual 

contest performance, but varied artificially by experimental condition. Instrumental learning 

is the most likely explanation for the effects observed, but the last step, making situational 

outcomes dependent on participants´ actions, remains to be undertaken. 

1.4.1 FEES and the DILT. 

The in my view best standardized investigation on motives and implicit learning was 

conducted by Schultheiss, Pang, et al. (2005). Thus, I will use methodological elements from 

their approach, especially concerning rigor of sequence construction criteria, usage of FEEs 

as relevant stimuli and of the negative transfer effect as the core of my dependent variables. 

Introducing the DILT into implicit motive research, they used three fixed sequences, a blue, a 

yellow, and a red one, with a given sequence always being displayed in its associated color. 

Each fixed sequence was either paired with an emotional face (anger, joy, or surprise, 

respectively), or a neutral face, or no face at all at the end of a sequence during training. 

Varying face gender and exposure duration in a large sample including over 200 participants 
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of both sexes they documented that for persons high in n Power dominant FEEs, i.e. joy, with 

a less consistent pattern emerging for anger, were detrimental to implicit learning, while 

submissive displays had the opposite effect. For n Affiliation, they found hampered learning 

in the context of hostile FEEs. Congruence between participant and FEE sender gender also 

influenced results, as for example the low-dominance-expression, surprise, enhanced learning 

when displayed by the same sex, but impaired learning when shown by the opposite sex. 

Schultheiss, Pang, et al. (2005) proposed that opposite-gender-surprise may signal possible 

alienation of a mate –endangering a core goal of dominance. Their FEE-, gender congruence 

and motive-dependent findings informed my designs in Study 2 to 4 which always included 

gender and sender gender, as well as a motive variable.  

Another important result was the differential sensitivity of speed and accuracy 

components to implicit motive effects. The pattern that n Affiliation only influenced the 

speed criterion, while n Power influences pertained especially to accuracy, but also to a lesser 

extent to speed, reinforces my decision to focus on n Power. Connected with the argument by 

Schultheiss and Schiepe-Tiska (2013) that n Power specifically influences accuracy, also my 

decision to concentrate on accuracy gains as my dependent variable seems justified. 

What is currently missing in DILT-research is a paradigm that clearly ties results to 

instrumental learning. As Wirth and Schultheiss (2007) remark, instrumental learning on the 

DILT until now was not pure because of the missing performance-FEE-contingency link. 

They see the effect as explainable via mixed Pavlovian and instrumental learning: An 

instrumental task was associated with aversive or rewarding stimuli. While this is an 

encouraging basis for this thesis, I attempt to fill the gap by providing unequivocal evidence 

of actual instrumental learning. This can be achieved by presenting FEEs contingent on 

participants` actual performance. Given the encouraging earlier results, I continue to use an 

indicator of implicit learning, the negative transfer effect, as dependent variable.  
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1.5 Emotion - FEEs as reinforcers.  

1.5.1 Why facial expressions of emotion?. 

Because of the affective core of implicit motives outlined above and of the use of 

FEEs in my main studies based on the method by Schultheiss, Pang, et al. (2005), the central 

importance of emotion to this thesis is obvious. Prior research sometimes used outcomes of 

outright contests (Schultheiss & Rohde, 2002; Schultheiss, Wirth, et al., 2005) between two 

participants ending with a clear winner and a loser (Schultheiss & Rohde, 2002; Schultheiss, 

Wirth, et al., 2005). However, this situation is seldom found in the complexities of modern 

life. As there is a number of possible other rewards and “punishers”, including (taking away) 

monetary incentives or explicit feedback messages (Corr et al., 1997), why did I use FEEs in 

all three sub-studies including motive assessment?  

First, trying to grab implicit learning as a process underlying social intuition 

(Lieberman, 2000) I needed social information that could be integrated in a controlled lab 

design. FEEs are highly salient and significant social cues imbued with incentive or 

disincentive value for the two social motives, n Affiliation and n Power (Stanton et al., 2010). 

Second, FEEs are clearly nondeclarative, nonverbal stimuli (Stanton et al., 2010;  please also 

note that Berridge & Robinson, 2003b, in their reward-framework place facial affective 

expressions emitted by humans at the implicit or core hedonic side of emotion). As I will 

investigate the implicit, non-declarative domain not only on the side of learning (P. J. Reber 

& Squire, 1994), but also on the side of motives (Schultheiss, 2008), explicit feedback (cf. 

Corr et al., 1997) like acknowledging accurate or fast performance at the end of a sequence 

via a text stimulus like “Well done!” or the like may endanger attributing learning gains 

specifically to the implicit sector: Such a feedback procedure would use verbal-symbolic 

cues, while for engaging implicit motives nonverbal stimuli are preferable (Schultheiss, 2001, 

2008). FEEs are not only nonverbal stimuli, but very likely are universally recognizable 
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across cultures and populations (Ekman & Friesen, 1971; Elfenbein & Ambady, 2002; but 

see Russell, 1994, for a critical review), perhaps based on evolved mechanisms (Ekman, 

1992), and they can be expected to carry similar meanings to different participants with 

regard to evaluations in terms of dominance or affiliation signals  (e.g. Knutson, 1996). 

Lieberman (2000) mentions nonverbal decoding as an important example of intuitive 

processing, adding to the meaning of FEEs to my cause. Third, another advantage of the 

FEE-approach is the fact that FEEs as reinforcers can be displayed in a highly standardized 

way on PC monitors (like it was done e.g. by Dimberg & Petterson, 2000; Dimberg, 

Thunberg, & Elmehed, 2000; Schultheiss, Pang, et al., 2005). I considered this 

standardization preferable to for example having participants compete against each other 

openly (e.g., Schultheiss & Rohde, 2002), because in this case unique interactional aspects of 

the respective dyad like sympathy or liking for features of the opponent (voice etc.) may exert 

unwanted influences on the reinforcing qualities of the outcome. 

When deciding on which FEEs to use, I kept with the approach of six basic FEEs, 

anger, disgust, fear, joy, sadness and surprise (Ekman, 1992; cf. Ekman, 1993; Ekman & 

Friesen, 1971). For FEEs, recent motive research on attentional orienting (Schultheiss & 

Hale, 2007) and implicit learning (Schultheiss, Pang, et al., 2005) was considered in 

motivational field theory of motivational incentives (MFT; Stanton et al., 2010), providing 

ideas on the incentive value of specitic FEEs for specific motives. As the mentioned six basic 

emotions are the ones that besides a neutral display are also featured in the MFT circumplex, 

basing my deliberations on them was straightforward. For my first examinations (Study 2 and 

3), I picked the ones on the high end of the dominance scale: joy and anger, because they are 

most relevant to n Power, my main focus. Study 4 then tried to maximize the distance of 

reward versus punishment with regard to MFT by using anger as a highly dominant versus 

surprise as a submissive expression. 
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A final issue is the theoretical question on which mechanism the reinforcing qualities 

of FEEs are based. Are FEEs rewards themselves (Keltner & Haidt, 1999) or predictors of 

reward that have begun to neurobiologically act like rewards with experience (for a possible 

mechanism, see Lieberman, 2000). Resolving this issue is beyond the scope of this thesis, 

but, taking a practical approach, I want to stress that the problem does not endanger my 

design, because either way I could draw on the intended reinforcing quality of FEEs. 

1.5.2 Emotion per se, social dimensions and Motivational Field Theory. 

A definition of emotion that is universally agreed upon is hard to find, but I agree with 

the working definition that it is a complex interactional set of objective and subjective 

factors, that besides physiological, cognitive and behavioral aspects includes an affective 

component relevant to my cause (for the working definition and a list of definitions, see 

Kleinginna & Kleinginna, 1981). I approach emotion in terms of the two dimensions, 

affiliation and dominance, and the seven fundamental FEEs (anger, disgust, fear, joy, 

sadness, surprise, neutral) featured in MFT. Based on findings showing that humans are able 

to judge emotions along basic poles (Hess, Blairy, & Kleck, 2000; Knutson, 1996), hostility 

versus friendliness and submission versus dominance, respectively, Stanton et al. (2010) 

presented a circumplex with two orthogonal interpersonal behavior axes, dominance and 

affiliation (cf. Bakan, 1966, for a similar conceptual differentiation in terms of agency and 

communion), in which specific FEEs are placed. Considering FEEs low on the dominance 

axis, for example surprise, as incentives and high on this axis as disincentives (anger, joy) for 

persons high in n Power, they thus provided the basis for FEE-selection in my Studies 2, 3, 

and 4 (see Figure 1.1). This reasoning is also perfectly in line with the findings of 

Schultheiss, Pang, et al. (2005) regarding hampered implicit learning in the context of 

dominant FEEs (joy, anger) and better implicit learning in the context of submissive FEEs 

(surprise) for individuals high in n Power.  
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A similar incentive-character distinction is made in MFT for n Affiliation, with FEEs 

low (e.g., disgust, anger) on the affiliation axis forming disincentives and high on this axis 

(e.g., joy, sadness) forming incentives. However, considering that the most prominent results 

in research with implicit learning and motives are obtained for n Power (e.g., Schultheiss & 

Rohde, 2002; Schultheiss, Wirth, et al., 2005) I concentrated my designs for testing the 

principle on the latter motive. Thus, the affiliation axis was not crucial to my FEE-selection. 

1.5.3 Variables besides motives relevant in the context of FEE-reinforcement. 

When planning a general model suited for testing n Power effects on instrumental 

conditioning processes, there may be fundamental factors moderating this relationship or 

even exerting a generic influence of their own. These factors will be derived in the following 

and then be included in the main models of all sub-studies because of their basic relevance. 

1.5.3.1 Activity inhibition and the inhibited power motive. 

A construct of potential relevance when conducting studies including FEEs is AI. AI 

has demonstrated associations to various phenomena like stress-induced negative affect, 

sympathetic activation or less alcohol abuse (see Schultheiss, Riebel, & Jones, 2009, for an 

overview). Especially during stress, AI predicts lateralized brain function in favor of the right 

(RH) compared to the left brain hemisphere (LH; Schultheiss, Riebel, et al., 2009). The RH is 

involved in processing negative, but also positive, facial expressions (Adolphs, 2002; 

Dimberg & Petterson, 2000) and high-AI individuals, in contrast to persons low in AI, show 

for example more RH compared to LH activation when confronted with negative, and to a 

lesser degree with positive affective stimuli, like anger or joy, respectively (Schultheiss, 

Riebel, et al., 2009; Study 3). Thus, studies using FEEs as reinforcers should take AI into 

consideration, as this activity pattern may grant high-AI individuals a more thorough 

processing of FEEs and thereby the ability to show more adequate affective and behavioral 

reactions (Rösch, Stanton, & Schultheiss, 2013; cf. Schultheiss, Riebel, et al., 2009). Thus, I 
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include AI in all analyses in Sudies 2 to 4 where PSE stories were collected. Especially Study 

2 and 3 relying on joy and anger FEEs were expected to yield an influence of AI, as for these 

emotions there is specific evidence of RH dominance (Dimberg & Petterson, 2000).  

Moreover, AI can moderate the behavioral expression of implicit motives (Langens, 

2010). One example of such an effect, a combined pattern of high n Power and high AI 

known as inhibited power motive (IPM; e.g. Langens, 2010), will experience special attention 

within this thesis due to its pronounced predictiveness for behavioral (Schultheiss & 

Brunstein, 2002) and physiological parameters (McClelland et al., 1980). This combination, 

if additionally supplemented by low n Affiliation has also been characterized as leadership 

motive pattern predicting success as a nontechnical manager (McClelland & Boyatzis, 1982). 

On the side of physiology, this pattern is associated with hypertension or high blood pressure, 

at least for males (McClelland, 1979). Also, IPM individuals seem to be more prone to illness 

in the context of power stress, because then this pattern acts in an immunosuppressive way, 

inducing chronic sympathetic over-activation (McClelland et al., 1980). The predictiveness of 

behavior, for example more persuasive speech, makes it plausible that there is a learning 

advantage for specific dominance-related instrumental behaviors not only for n Power in 

general, but especially in the context of an IPM (Schultheiss & Brunstein, 2002), that I 

perhaps will also be able to document for implicit instrumental conditioning.  

At first sight, however, the  results of Schultheiss and Rohde (2002) presented above 

may seem to refute my reasoning concerning a possible pronounced influence of IPM: Only 

for low-AI, but not for high-AI, males they observed a pattern of testosterone increase and 

enhanced implicit learning in winners, while showing impaired learning and no testosterone 

changes for losers. However, considering IPM´s nature, one might expect an influence on 

instrumental learning in a context where socially adaptive patterns (cf. Rösch et al., 2013) are 

to be learned, and this fact was hinted at by Schultheiss and Rohde (2002) describing IPM as 
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associated with controlled and socialized impact strategies. Thus, FEE-based reinforcement 

should be preferable when assessing effects pertaining to the overall distribution of n Power 

and AI-patterns: FEEs feature a wide range of dominance-relevant displays (e.g. low-

dominance surprise expressions or highly-dominant anger displays, cf. Stanton et al., 2010), 

while presenting them requires no direct confrontation between opponents like in the study of 

Schultheiss and Rohde (2002)  that may not always be advisable for IPM individuals using 

socially adaptive influence strategies.  

Taken together, a learning advantage of an IPM in the context of FEE-reinforcement 

still appears plausible. In any case, even if this prediction should not be supported by the data 

collected in this thesis, then the findings of Schultheiss and Rohde (2002) alone, linking n 

Power, testosterone ,and, in this case low, AI remain to be considered and so there is no way 

round including AI in studies on motives and instrumental conditioning. 

1.5.3.2 Gender match. 

Another variable that may influence my results is gender match (or gender 

congruence). It showed up in my model study (Schultheiss, Pang, et al., 2005) as an 

aggregate variable made up of participant gender (henceforth called “gender”) and face 

gender (“sender gender”) denoting whether a given participant had seen FEEs displayed by 

senders of his own gender (“matching” or “congruent”) or of the opposite gender 

(“nonmatching” or “incongruent”). Even if most studies on implicit motives and implicit 

learning were centered on one gender only (Schultheiss & Rohde, 2002; Schultheiss, Wirth, 

et al., 2005, with Study 1 featuring only men and Study 2 only women), the results of 

Schultheiss, Pang, et al. (2005) alone demand an inclusion of gender and sender gender in all 

motive-relevant designs, as congruence as well as incongruence can lead to different 

observations: For example, implicit learning accuracy of high-power participants was 

impaired only for same-gender smiles (compared to a neutral expression) only, perhaps 
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because a dominant expression of a person of the same sex is aversive, while joy should at 

least not be negative when shown by a potential mate of the opposite-sex. Conversely, 

implicit learning is enhanced by same-gender submission signals in terms of surprise, but 

impaired for opposite-gender surprise as here one may have alienated a potential mate and 

endangered reproduction, a goal of being dominant (cf. Schultheiss, Pang, et al., 2005). 

The importance of gender congruence is not restricted to motive research, but may be 

a facet of intra-sexual versus inter-sexual competition (Wilson, 1980), leading Stanton et al. 

(2010) to propose that we might be especially sensitive to same-sex dominance signals and 

even more so if we are high in n Power, because prior to attracting a mate, power hierarchies 

have to be established within-gender. This framework underscores the central relevance of 

gender match to my designs in Study 2 to 4. My main results cannot be interpreted properly 

without entering gender and sender gender in my analyses. 

1.6 Overview of studies 

Distilling the reasoning above into research questions, I will now try to provide an 

interpretational framework for the overall synopsis at the end of this thesis: First, do implicit 

motives influence instrumental conditioning processes (Question 1)? My overarching goal is 

to systematically establish if implicit motives –particularly n Power - influence implicit 

conditioning processes related to response accuracy while ensuring that scaling effects on 

implicit learning are clearly attributable to instrumental conditioning. Viewing implicit 

learning as a process underlying social intuition (Lieberman, 2000), I used FEEs – salient 

social clues - as reinforcers to grab motives` influence on implicit learning. Second, are there 

influences of gender match or of its interplay with motives on instrumental conditioning 

(Question 2)? I assessed if gender match produces additional effects relevant to Question 1 – 

or if Question 1 can only be answered positively if gender match is considered. Third, does 

AI moderate possible instrumental conditioning effects of n Power (Question 3)? I 
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investigated this question within the DILT, for example for example testing the expected 

influence of IPM. Fourth, can the DILT be optimized for general and motive-specific use 

(Question 4)? I assessed the DILT´s optimization potential to more reliably detect effects of 

personality dispositions on instrumental conditioning. Finally, are possible instrumental 

conditioning effects really implicit (Question 5)? I tested this by assessing participants` liking 

for reinforcers not only via actual test performance expressed in optimizing one´s response 

towards more frequently obtaining a given reinforcer and less frequently obtaining a 

disincentive, but also by directly asking them how they liked specific FEEs shown on the test.  

To answer these questions, I derived my designs closely from MFT. I believe that the 

distances between FEEs on affiliation or dominance characteristics in the MFT circumplex 

can be understood on an ordinal scale. Thus contrasting neutral and anger or joy faces on the 

dominance axis should yield a smaller difference in incentive value for n Power than 

contrasting anger and surprise (cf. Figure 1.1). 

While a completely systematic approach would require individual studies for all six 

basic FEEs and (or versus) the neutral expression featured in MFT, my primary goal was to 

clearly establish the existence of motive-driven instrumental learning effects per se. Thus 

choosing joy, a clearly affiliative, and anger, a clearly dominant (and thus one positive and 

one negative FEE; for a valence distinction similar to the one used in this thesis, see Rösch et 

al., 2013), FEE seemed a reasonable approach to systematically establish these effects. A first 

attempt at studying the whole dominance-spectrum in a motive-relevant instrumental 

conditioning within-subjects-design in Study 4 using anger and surprise will also provide a 

first glance at the complexities arising from the interplay of different FEEs with different 

motive strengths. To test my predictions, I will use the DILT in four studies with overall 

about 380 participants. The empirical work reported here is based on controlled lab-studies 

and the systematic approach outlined above. While I center my testing-a-principle enterprise 
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on n Power for the neurobiological and previous-research-based reasons stated above, I do 

not ignore n Affiliation because of its place in the MFT circumplex and repeat main analyses 

with this motive instead of n Power in each sub-study, respectively. However, with exception 

of Study 2, I tried to use FEE-combinations addressing n Power more strongly than n 

Affiliation in terms of MFT, like anger versus surprise in Study 4 and therefore I will not 

overemphasize on the other social motive. 

 

 

Figure 1.1. Visualization of the range covered by Studies 2 to 4 within the motivational field 

theory circumplex (adapted from Stanton et al., 2010). Adapted with permission. 

 

The second chapter presents considerations concerning test power for all sub-studies.  

The third chapter describing Study 1 is dedicated to Question 4 and attempts to 

optimize different parameters of the DILT (among others overall test length, sequence length, 

use of distractors) to allow an even more controlled and sound testing of instrumental 
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conditioning effects of motives in the future. Considering Schultheiss and Schiepe-Tiska 

(2013), one guiding criterion was optimization towards performance accuracy.  

After a studies-linking bridge in chapter 4, in chapter 5 two similar Studies (2 and 3) 

are described together. Using a DILT-version making FEE-feedback contingent on 

participants` responses, I will begin the systematic investigation of research questions 1 to 3, 

as implicit instrumental conditioning effects of n Power will be tested within a model also 

considering gender match and AI. Study 2 compared the reinforcing effects of neutral 

compared to joy FEEs on implicit learning of two sequences. Restricting the axis to neutral 

versus highly dominant (and highly affiliative) FEEs was done to first provide a neutral 

anchor versus the effects of power-relevant FEEs before using the whole dominance-

spectrum in Study 4. Like in Study 3 and 4, after initial PSE assessment FEE presentation on 

the DILT was made contingent on an accuracy criterion. To contribute to the controlled 

design, attainment of this criterion was reinforced with a joy FEE and errors were followed 

by a neutral FEE for one sequence, while it was the other way round for the other sequence. 

Both sequences were always displayed in a specific color, respectively, with color acting as 

the discriminative stimulus (e.g., Michael, 1980) for recruiting a specific response (accuracy 

of sequence execution) for attaining a specific consequence (being shown a specific FEE; see 

Schultheiss, Pang, et al., 2005, for related considerations). Possible simultaneous explicit 

sequence learning was assessed with a test battery consisting of an open question, an attempt 

to reproduce or recognize the sequences after the test and participants were probed for their 

awareness of sequence-FEE-contingencies. In general, I expected using joy FEEs as 

reinforcement for accurate sequence execution to enhance implicit learning and using the 

same FEEs to reinforce errors to deteriorate learning because of this emotions´ positive 

valence. Above that, based on MFT, for people high in n Power I expected this general effect 

to be less pronounced than for low-power-participants or even to reverse its direction, 
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because joy FEEs aside from being affiliative also signal high dominance and could be 

perceived as a threat to one´s own dominance status. 

Study 3 then investigated the dominance-axis of the model even more clearly by 

replacing the joy- for anger-FEEs in the same experimental paradigm. Joy was replaced 

because, while being a negative incentive for n Power, it is a positive incentive for n 

Affiliation and thus negative effects on sequence learning for high-power-participants may be 

overshadowed by gains induced by a simultaneously high n Affiliation. Building on the 

reward properties of the emotional responses from others (cf. Keltner & Haidt, 1999), I 

expected that participants who were reinforced (or in this case “punished”) with an angry face 

for accurate sequence execution would show impaired implicit learning while participants 

whose errors were followed by an angry face might show a reverse effect because of this 

emotion´s negative valence. I further expected this effect to be more pronounced for high- 

compared to low-power-participants, because for the former ones the angry face as a threat to 

one´s own dominance should be even more aversively charged.  

In chapter 6, another bridge provides the transition to my final study in chapter 7 

which besides instrumental conditioning effects of motives, gender-match- and AI-issues 

(Questions 1 to 3) also addressed the reinforcement- and motive-specific portion of my 

DILT-optimization attempt (Question 4) and was the only sub-study to directly assess if 

instrumental conditioning effects observed were truly implicit (Question 5). Study 4 was 

dedicated to the development of the High-Frequency-DILT (HF-DILT), combining the DILT-

recommendations derived from Study 1 with FEEs taking the sender´s motives into 

consideration (Rösch, 2012). The critical feature of the HF-DILT is intensifying 

reinforcement (or punishment respectively) by showing a FEE contingent on response 

accuracy not only once per sequence but after every key press within a sequence to boost 

instrumental learning and perhaps reduce the number of trials at which stable conditioning 
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effects emerge. To make reinforcement properties of the HF-DILT for n Power even more 

intense, the whole dominance-axis was used with wrong key presses being followed by an 

angry FEE and correct ones followed by a surprise FEE in one sequence, while it was the 

other way round for the other sequence. Thus increasing the probability for detecting motive-

driven learning for n Power, I hoped to gauge the size of the effect of implicit motives on 

instrumental conditioning under optimized conditions. I expected that participants would 

show impaired implicit learning on sequences where single correct key presses were 

rewarded (or “punished”) with an anger FEE and wrong ones with a surprise FEE. The 

reverse effect was expected on sequences where single correct key presses were reinforced 

with a surprise FEE and errors with an anger FEE. This effect was expected to be more 

pronounced for high- compared to low-power-participants, as for the former ones the angry 

face as a threat to one´s own dominance should be even more aversively charged and surprise 

of a sender signaling submission should even have a positive reinforcing effect. Another 

explorative question was if explicit liking for reinforcers influences the motive-driven scaling 

effects on learning. To address this question, the pleasantness of the FEEs was rated by the 

participants before and after the HF-DILT.  

In the final chapter 8, I will try to answer the research questions formulated above 

based on the results of the sub-studies. After connecting them to current theories and 

empirical results on learning and motivation I will attempt to integrate my findings into a 

larger model of the influence of implicit motives on implicit instrumental conditioning in the 

context of FEEs and point to the possibilities of the newly created optimized paradigm. 

2. Power Analyses 

The number of participants which could be tested was subject to external restraints, 

for example a limited amount of money for participant compensation in Study 4. Further, 

necessary test performance criteria for inclusion in data analysis decimated my final samples. 
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Thus the net samples in my studies are a trade-off between the best possible test power, 

external demands and the need to exclude cases for which I could not be sure whether they 

represented valid data points. I admit this possible drawback of my studies in advance and 

inform the reader that if one or more of the studies fail to detect the desired effects at all or on 

their full scale, this does not necessarily mean that those effects do not exist at all. 

Power-analyses were conducted to estimate the number of participants required to 

reliably detect the hypothesized effects. However, until now, no study directly assessed 

motive effects on instrumental conditioning in an actual performance-contingent 

reinforcement pattern, and I was cautious about relying on related studies which allowed for 

interpretations in terms of instrumental learning but only associated given sequences and 

FEEs regardless of performance (Schultheiss, Pang, et al., 2005) or used completely different 

tests (Schultheiss & Rohde, 2002) or feedback procedures (Schultheiss, Wirth, et al., 2005). 

Thus defining an exact effect or correlation size in advance was deemed inappropriate. 

Rather, I took a conservative general approach by taking the standard r-value (.21) of 

psychological research from a meta-meta-analysis also including motivational phenomena 

(Richard, Bond, & Stokes-Zoota, 2003). Thus, if my Studies 2 to 4 were expected to have a 

power of .80 to detect an r of this size, for example the correlation between n Power and the 

continuous differential learning gain between two different reinforcement contingencies (e.g., 

between rewarding correct performance with surprise-FEES and punishing errors with an 

anger-FEE for one sequence versus the other way round for another sequence in Study 4), I 

would have needed 176 participants in each sub-study (α = .05). However, I only had 126 

(Study 2), 94 (Study 3), and 100 (Study 4) participants, respectively. Due to exclusions or 

incomplete data recording, the net samples consisted of 87, 64 and 96 participants, 

respectively, amounting to a power value of .50, .38, or .54, respectively. Thus, my studies 

were somewhat underpowered. However, should I obtain replicable effects in spite of this 
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drawback, this would be an impressive demonstration of the desired effects. In this case, to 

prevent being suspected of having selectively included only studies with positive results, I want to 

state that this thesis to my best knowledge contains all studies on implicit motives and instrumental 

conditioning in truly performance-contingent tasks that have been conducted so far.  

Power was not as much an issue in Study 1 as it was for the other studies, as it aimed 

at general implicit learning. Considering the very small sample sizes found in the literature 

that are sufficient for detecting very robust implicit learning and sometimes even between-

group effects (Nissen & Bullemer, 1987; Reed & Johnson, 1994, experiment 1), I deemed 63 

participants (at least 15 in each of four conditions, 31 for each of my main factors; actually) 

sufficient for effect detection. However, there are few examples of studies using error scores 

(e.g. Rowland & Shanks, 2006, who found no difference in error rates between distractor and 

no-distractor SRTs) as dependent variables and using reaction times as a proxy was deemed 

unsatisfactory. The negative-transfer effect reported in my model study (Schultheiss, Pang et 

al., 2005, p. 46; F(1, 215) = 23.28, N = 216) for log-transformed error scores approximately 

equals an r of .31
1
, and thus 79 subjects should be enough for a power of .80 here. Even if 

Study 1 thus only had a power of .71 for the overall implicit learning effect (and less power 

for sub-group analyses, respectively), this represents much better conditions for effect 

detection than in the other sub-studies. 

 

 

 

 

 

                                                           
1
 I used a meta-analysis calculator (http://www.lyonsmorris.com/ma1/) for conversion of test statistics into 

effect sizes for computations of this kind. 

http://www.lyonsmorris.com/ma1/
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3. Study 1: Developing a suitable DILT-paradigm for experimental tests of the scaling 

effect of implicit motives on implicit learning 

3.1 Overview 

Study 1 pretested different DILT
2
-versions to find an adequate, accuracy-optimized 

paradigm for the other sub-studies. Also, demonstrating robust implicit learning effects was 

desirable prior to investigating complex designs involving implicit motives and FEEs.  

3.1.1 What this study is and what it is not. 

Study 1 had two primary aims: First, finding a simple, time-efficient paradigm for the 

other sub-studies. To increase time-efficiency, I varied test length and sequence length and 

determined if shorter DILT-versions still induce stable implicit learning. Second, this 

paradigm had to induce as much variance in error scores as possible by increasing the 

likelihood of errors in general. Preparing studies including implicit motives, I thus tried to 

devise a DILT optimized for detecting differences in performance accuracy, my dependent 

variable of choice building on the ideas in the introduction and by Schultheiss and Schiepe-

Tiska (2013). Also, as the other sub-studies all present performance-feedback contingent on 

participants` accuracy, making errors was a prerequisite for observing instrumental 

conditioning effects at all. If participants would execute all sequences with perfect accuracy, 

there would be no potential for learning that a wrong key entails a different reinforcement 

contingency as the correct key. Thus, I used a dual-task environment, i. e. a secondary task 

(cf. Reed & Johnson, 1998), not only to impair parallel explicit learning, but also to further 

distract participants and increase error scores. To this end I assessed if having to discriminate 

between the target stimulus (a dot) and a simultaneously appearing distractor stimulus (an 

asterisk) induces the desired general increase in error scores. This way, I hoped to derive an 

                                                           
2
 In Study 1 the term “DILT” is used with the aim of using a consistent terminology throughout this thesis only. 

I am aware that Study 1 only investigates the SRT-aspect of the DILT. In the absence of varying reinforcement 

stimuli, the paradigm in Study 1 is a measure of implicit learning, not of differential implicit learning. 
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optimal paradigm for detecting possible instrumental conditioning effects of motives and 

perhaps other personality dispositions.  

At this point, I have to emphasize three things. First, Study 1 is dedicated to practical 

SRT-aspects of the DILT only. Second, even if Study 1 revolves around an SRT paradigm 

like it was used in many studies (e.g. Pronk & Visser, 2010; Rauch et al., 1995; Reed & 

Johnson, 1994) since Nissen and Bullemer (1987), implicit learning is not my main focus and 

I will not discuss every single possible implication of the results of Study 1 for general 

implicit learning research, as the depth and focus of classic implicit learning studies (see 

above) is more apt to make valuable contributions here. Study 1 only ensures a sound 

paradigm for the detection of implicit learning effects. Third, because of the considerations 

presented above, response latencies (reaction times, RTs) which are most frequently used as 

dependent variable in implicit learning studies (e.g. Perruchet & Amorim, 1992; Pronk & 

Visser, 2010; Rauch et al., 1997; P. J. Reber & Squire, 1998), are not as important here as 

accuracy which will be my primary dependent variable. 

3.1.2 Implicit learning paradigm and measures used. 

I will use the DILT as implicit learning paradigm in all sub-studies focusing on the 

negative transfer effect to derive my dependent variables. This effect was preferable to “pure” 

accuracy or RTs, because a gain measure from fixed to random sequences prevents 

alternative explanations in terms of growing familiarity with task execution alone – as fixed 

and random sequences both benefit from simple practice, especially after longer training 

intervals (i.e. repetitions of the sequence; cf. Reed & Johnson, 1998), their difference should 

be clearly attributable to actual implicit learning gains. 

For documenting implicit learning gains, some prerequisites have to be met in the new 

DILT-versions. As implicit learning aquires complex information from the environment (A. 

S. Reber, 1989), as a prerequisite for using the term „learning“ within the context of this 
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paradigm, learned associations in an SRT are required to be at least as complex as second-

order conditionals (SOCs) – that means learning target locations which are determined by the 

preceding two locations, but cannot be predicted from only knowing the immediately 

preceding location alone (Reed & Johnson, 1994; Reed & Johnson, 1998). Then a task-

dissociation method is used: Without participants` knowledge, potentially learnable 

information is embedded in a given task. If this information is learned, it can enhance 

performance on this task. Later, two types of tests assess if the embedded information has 

been learned: indirect tests where usage of conscious knowledge is not actively encouraged 

and direct tests that actively encourage using conscious knowledge. Learning is considered 

implicit if demonstrated in indirect, but not in direct tests (see Reed & Johnson, 1998, for 

more information on the task-dissociation method). To preclude alternative explanations for 

such a dissociation, Reed and Johnson (1998) call for three additional requirements: same 

type of information to be learned (in this case the SOCs on the DILT), similar testing context 

of direct and indirect tests (in this case similar screen arrangements and retrieval contexts for 

direct and indirect tests), and temporal appropriateness of direct test application. Temporal 

appropriateness meant placing the direct tests as close as possible to the indirect test here to 

prevent alternative explanations in terms of participants becoming consciously aware of 

implicitly learned information or, alternatively, to lose conscious awareness of initially 

explicitly learned information over time.  

The DILT meets the mentioned requirements: Learning effects are based on SOCs 

(Schultheiss, Pang, et al., 2005) and negative transfer effects are observable in the transition 

from fixed to random sequences. This indirect assessment of accuracy gains is directly – and 

thus temporally appropriate - followed by direct tests of explicit awareness that probe for 

reproduction and recognition of the same information – i.e. learning of SOC sequences – in a 
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similar testing context – i.e. the performance contexts of the indirect test but this time asking 

for explicit knowledge by having the sequences reproduced or recognized by the participants. 

3.1.3 Checks for explicit learning.  

To evaluate the amount of conscious sequence learning, three direct tests are used in 

all sub-studies. They are henceforth referred to as explicit tests or (explicit) awareness tests to 

keep with the framework by Berridge and Robinson (2003b). These are, in descending order 

of level of explicit awareness I ascribed to them: an awareness probe question concerning 

impressions of the DILT with an open response format
3
, a performance based explicit 

learning task requiring participants to reproduce the fixed SRT sequences manually 

(Reproduction; cf. Perruchet & Amorim, 1992; see Reed & Johnson, 1994, for a cued-

generation variant of this task) and an automatic presentation of the original fixed sequences 

among fake sequences not part of the DILT only requiring to visually recognize the real 

patterns (Recognition; for a version similar to the one used in this thesis, see Schultheiss, 

Pang, et al., 2005; cf. Schultheiss, Wirth, et al., 2005). I considered Recognition the best 

indicator of explicit learning, as the response format here is truly explicit: The participant 

consciously judges if sequences or sequence fragments (see Reed & Johnson, 1994, for a 

related approach with subsequences) were featured on the test on a rating scale. 

Because documenting the “implicitness” of learning in my view is a complex issue, I 

chose this incremental approach using several explicit learning check to minimize the 

influence of the specific test procedures of the single tests on my conclusions and to 

maximize the probability to detect possible explicit influences on my results. 

 

                                                           
3
 The awareness probe was initially included in all sub-studies but omitted in my analyses. A participant´s belief 

or claim to have detected sequences or other regularities like FEE-presentations in the DILT does not prove 

explicit awareness of the sequences if he or she fails to reproduce or recognize them afterwards. Also, Reed and 

Johnson (1998), in the context of other theorizing about the limited role of consciousness in cognitive processes 

(Velmans, 1991), advocate taking a third-person instead of a participant-centered first-person perspective in 

implicit learning research. 
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3.1.4 Dual-task-environment.  

Besides explicit awareness tests, secondary tasks, i.e. a dual-task environment, are 

often used in implicit learning studies to manipulate attentional resources (for an overview 

and a critical perspective, see Reed & Johnson, 1998). I hoped to impair parallel explicit 

learning and to further increase error scores. A dual-task environment was also used in 

previous research on motives and implicit learning to prevent explicit sequence awareness: 

Schultheiss, Pang, et al. (2005) used a parallel beep-counting-task instructing participants to 

count a beep occurring at random times during the DILT and asking them to report the 

number of beeps during breaks or at the end of the test. 

However, Reed and Johnson (1998) state that conscious awareness and attention may 

at least be partially independent. Also, including for example a beep-counting task in my new 

paradigm would require headphone usage, possibly distracting or irritating participants and 

forming a source of possible testing problems (headphones not responding, participants 

ignoring instruction to wear them and so forth). Thus, Study 1 tested two alternatives – first, 

eliminating the dual-task environment completely for one half of the participants and second, 

using a visual distractor stimulus simultaneously to the target stimulus on a different position 

(cf. Rowland & Shanks, 2006) for the other half of the participants.  

For the latter distractor manipulation, one might ask whether this target-selection task 

is a dual-stimulus- (Rowland & Shanks, 2006) or an actual dual-task environment. Clarifying 

this question is beyond the scope of this thesis. I simply determined if headphone-use can be 

avoided and, exploratively, if implicit learning gains in the negative transfer effect are larger 

in distractor conditions, as implicitly learning a sequence there would not only mean reacting 

more effectively to the target, but also having to attend less to irrelevant distractors as one 

implicitly learns where the target will appear. The results of Rowland and Shanks (2006) may 

seem discouraging regarding error rates, for which no differences between single or dual-
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stimulus conditions were found. However, there is no explicit mention of accuracy gain 

differences and thus their results do not touch my indicator of implicit learning. 

If these alternatives work, i.e. if explicit awareness tests show no or only little explicit 

learning, conducting lab studies on implicit learning and motives would become a lot easier. 

3.1.5 Overall test and sequence length 

To ensure time-efficency, I tested ways to shorten the DILT. Considering that the 

PSE and several awareness-checks were used in all sub-studies, a shorter DILT could help 

preventing fatigue possibly decreasing test performance or test motivation. However, I also 

explored if robust implicit learning and a sufficient number of errors as a prerequisite for 

instrumental learning would still be present in shorter DILT-versions. Shortening can be done 

either by decreasing overall test length or by decreasing sequence length. 

For overall test length, i.e. the overall number of sequences presented to 

participants, studies on implicit learning and implicit motives provide no clear 

recommendations (for example only 26 repetitions for pre- and post-contest, respectively, in 

Schultheiss, Wirth et al., 2005; in contrast to 54 repetitions Schultheiss, Pang, et al., 2005). I 

chose an explorative approach with three interspersed negative-transfer assessments after 32, 

64 or 96 repetitions of each fixed sequence to clarify this issue. For sequence length, the 

danger in shortening the DILT lies in losing learnable information in terms of SOCs, because 

a 12-trial-DILT features ten while one with eight-trials only has six such elements. However, 

sequence length reduction would not only shorten test duration by one third, but also hold the 

possibility of holding duration constant while adding 50% more training on FEE-

contingencies in later studies. Shorter sequences are not uncommon in implicit-learning-

research, for example ten elements (Nissen & Bullemer, 1987; P. J. Reber & Squire, 1994). 

But as previous research on implicit learning and motives used 12-element sequences 

(Schiepe-Tiska, 2013; Schultheiss, Pang, et al., 2005; Schultheiss, Wirth, et al., 2005) I will 
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only change sequence length if there are clear implicit-learning-effects for eight elements and 

sufficiently high error rates to detect negative transfer effects, respectively, that at least equal 

the ones observed for 12-element-sequences. 

3.1.6 Overview of the present study. 

This study was a pretest for an accuracy-optimized DILT and its associated awareness 

checks to provide a robust implicit learning paradigm for the other studies. An accuracy-

optimized DILT would be one with maximized potential to detect differences in accuracy-

related learning gains. Thus, also a general increase in overall error rates was desirable, as it 

is required that participants make enough errors on a simple key-pressing task to reliably 

observe a discernible rise in error rates from fixed sequence to random sequence phases (i.e., 

the negative-transfer effect). Also accuracy gain differences based on differential 

instrumental learning in the later studies cannot occur if sequences are so accurately executed 

that the reinforcement contingencies for making errors are never or not frequently enough 

encountered. For an accuracy-optimiziation, questions like overall test length, sequence 

length, usage of an additional target-selection task by using distractors in addition to the 

target stimulus (Rowland & Shanks, 2006) and the necessity of a dual-task environment were 

addressed. As those questions had to be answered first to judge the reliability of a DILT-

version for detecting the influence of motive-driven instrumental conditioning, neither FEE-

reinforcement nor motive assessment was part of Study 1´s design.   

First of all, the basic requirement is evidence of robust implicit learning in an indirect 

test – the negative transfer effect– evidenced by less errors in (and also shorter RTs on) fixed 

compared to random sequence phases after training on fixed sequences. For this purpose, two 

fixed sequences of differing color, one being always shown in blue and the other one in 

yellow, were learned in parallel. A desirable by-product of the paradigm should be bad 

performance on direct tests intended to assess explicit learning, like sequence Reproduction- 
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and Recognition. Documenting this divergence between direct and indirect tests  (cf. Reed & 

Johnson, 1998) would eliminate explicit learning as an alternative explanation or at least 

show that its contribution to overall performance is negligible. For the reasons stated above, I 

am primarily concerned with implicit learning accuracy as expressed in lower error rates on 

fixed compared to random sequences, rather than with faster RTs. Thus the usefulness of the 

new DILT for investigating accuracy differences will guide the decisions based on my 

results. Also, a sufficient number of errors is a prerequisite for detecting those differences. 

Yet, it is likely that with increasing practice there will only be a marginal number of errors in 

a 12-trial- and perhaps even less in an eight trial-sequence. 

Study 1 also exploratively determined overall test length. As the DILT will be used 

along several other tasks in the other studies, its overall length should be as short as possible 

to prevent exhaustion of participants. Exhaustion is dangerous, as waning test motivation and 

fatigue may conceal implicit learning gains. On the one hand, overall test length can be 

reduced by keeping the number of testing blocks as low as possible. Thus, there will be three 

random-sequence-sections after the first, the middle and the last third of the training on the 

fixed sequences (32, 64 or 96 repetitions) with the first and second block roughly oriented 

around the length of implicit learning assessments in Schultheiss, Wirth et al. (2005; pre/post) 

and Schultheiss, Pang et al. (2005) and the third block as explorative attempt to further boost 

implicit learning gains with training. This way, I hoped to provide guidelines to future DILT-

investigations as to its minimal duration for observing implicit learning. 

Testing time can also be redcued by shortening the sequences. This would allow me to 

keep established block structures and numbers of times participants are exposed to each 

sequence before being tested on them. Thus, I will shorten the DILT to eight elements per 

sequence and compare results to the 12-element-version used in related research (e.g., 

Schiepe-Tiska, 2013; Schultheiss, Pang, et al., 2005; Schultheiss, Wirth, et al., 2005). 
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Another question pertains to the usefulness of an additional target-selection task by 

means of a distractor (an asterisk) appearing simultaneously to the target (a dot), but in 

another location (cf. Rowland & Shanks, 2006). Before responding, participants are thus 

forced to discriminate between two stimuli similar in appearance which should increase their 

general RTs (cf. filtering costs in Rowland & Shanks, 2006). This could have two beneficial 

effects: First, the associated rise in test difficulty may lead to the desired increase in overall 

number and a greater variability of error scores (but see Rowland & Shanks, 2006, for 

missing differences between single- and dual-stimulus-groups). Second, adding a target-

selection to the target-detection task might draw attention away from learning the sequence 

explicitly (Rowland & Shanks, 2006), because participants are constantly kept busy with 

discriminating the dot from the asterisk. Thus this might be a dual-stimulus-environment 

capable of substituting conventional dual-task-conditions. This would make DILT-

investigations easier, because additional equipment like headphones would become obsolete. 

Study 1´s focus is exploratory. Decisions will be based on performance graphs across 

testing blocks for each DILT-version, clear-cut evidence of implicit learning, and error rates 

that are as high as possible. Nevertheless, I derive a small number of main hypotheses for 

guiding interpretation of results: First, I predict larger implicit learning accuracy gains 

reflected in the negative-transfer effect for a sequence length of eight elements, as learning 

for a sequence with eight screen locations should be easier and faster than for one with 12 

elements containing four elements more. The knowledge thus obtained should yield higher 

gains on trained fixed sequences versus random sequences where this knowledge cannot be 

applied. Second, I predict larger accurracy gains for the distractor- compared to the no-

distractor-conditions, as savings should not only pertain to target detection, but also to the 

target-selection process here, or avoid the latter completely, as the participants implicitly 

learn where the next dot will appear. Drops in error rates should be more pronounced at the 
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end of the experiment in the distractor conditions. Third, a dual-task- or dual-stimulus 

environment should also induce lower scores on explicit sequence learning measures like 

Reproduction or Recognition in the distractor- compared to the non-distractor-conditions.  

Finally, for overall test length, I exploratively gauged the point of time for observable 

implicit learning to emerge over different sequence lengths and –difficulties. However, it 

would not be surprising if implicit learning gains emerged faster, i.e. at an earlier testing 

block, in eight- than in 12-elements-conditions. 

3.2 Method 

3.2.1 Participants. 

No participant reported a known color-blindness in the respective question, thus 

participants` ability to discriminate between the two colored sequences could be assumed. 

Overall average DILT-performance had to exceed an average of at least 10.56 correct key 

presses per sequence (i.e., less than 12% errors; cf. the criterion used by Schultheiss, Pang, et 

al., 2005, for motive-related DILT-research, which was used here in anticipation of the sub-

studies including motives) for 12-element-conditions (M = 11.48, SD = 0.33) and 7.04 correct 

key presses for eight-element-conditions (M = 7.68, SD = 0.16), corresponding to more than 

88%. With a mean of 95.64% (SD = 0.02) of correct trials averaged across the whole DILT, 

performance was very accurate overall. As there was no participant who made no mistakes at 

all (maximum: 98.98% correct) which would have made learning gains impossible and as all 

participants were below the 12%-error-criterion which would have made their data suspicious 

in a DILT with FEEs, no participants were excluded. Exclusions based on RT performance 

were handled on a trial-wise, not participant-wise basis (see data preparation). 

The final sample in Study 1 (name on HuMAN-Lab server: “Implicit Learning 1” or 

IL1) consisted of 63 participants, 47 females and 16 males, with a large proportion of 

psychology students (53 participants, 84.13%), recruited for an experiment on “Motivation 
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and perception” via direct invitation in first semester courses, and ten external participants, 

recruited individually by a research assistant. Only first-semester psychology students were 

allowed to participate and the experiment was done early in the semester, so no previous 

knowledge on implicit learning was to be expected in the sample. Participants were evenly 

distributed between experimental conditions, with 15 participants in the condition with eight-

element-sequences without distractors and 16 each in the remaining three conditions. 

Participants` age range was 18 to 36 years (M = 21.48, SD = 3.86). Psychology students 

received partial course credit according to the amount of time spent with working on the 

experiment, while the remaining participants were volunteers interested in psychological 

experiments who did not receive a reward for their participation. 

3.2.2 Design. 

I used a 2 x 2 Design with distractor (present/not present) and sequence-length (eight 

vs. 12 dot presentations) varied between-subjects, resulting in four experimental conditions or 

DILT-versions: 12 elements without distractors, 12 elements with distractors, eight elements 

without distractors, eight elements with distractors (with the former two sometimes referred 

to as 12-element-conditions and the latter two as eight-element-conditions; also the 12- and 

eight-element variants that use no distractors are sometimes referred to as no-distractor-

conditions and the two conditions using distractors as distractor-conditions). The main 

dependent variable was accuracy, assessed as average number of wrong key presses (errors) 

per sequence, later log-transformed to improve conformity to a normal-distribution and 

corrected for different sequence-lengths for computations in terms of percentage correct (see 

below). To derive an accuracy gain score to test my hypotheses, those error scores for fixed 

sequences were subtracted from those on random sequences. Speed, measured as average 

time in milliseconds until a response was made, was also assessed as a dependent variable but 

not critical to later decisions derived from the experiment. The parallel learning of two 
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sequences of differing sequence color
4
 (blue vs. yellow) and the three testing blocks (T1, T2, 

T3) were additional within-subjects-factors used to test additional questions. 

3.2.3 Apparatus. 

All tasks were administered in Inquisit 3.0.6 (Millisecond Software LLC, Seattle, 

USA). All testing was done on HuMAN-Lab PC-workstations with Windows XP on Eizo 

FlexScan S2201W monitors (22 inch widescreen; screen width:  474 mm, screen height: 296 

mm; all specifications e.g. pertaining percentage of screen height or width are relative to this 

screen frames) and standard mice and keyboards as input devices, with exception for the 

DILT and Reproduction where response pads (Model RB-830; Cedrus Corporation) with 

buttons numbered “1” to “4” from left to right (for the index finger and middle finger of both 

hands for one position each) were used to record participants´ responses. Participants were 

seated in one of 11 separate testing cubicles. 

3.2.4 Procedure. 

Participants were recruited and tested by a female research assistant in November and 

December 2012. Up to eight participants were run per testing session. After participants had 

signed the informed consent forms, they were told that from now on all instructions would 

come from the PC and asked if they had any questions. Then the respective batch-file was run 

and the modules started automatically one after another, starting with one of the four DILT-

conditions, followed by three awareness checks (open question, Reproduction, Recognition) 

and demographic questions, including an item on normal color vision (“Do you have normal 

color vision (i.e., can you discretely perceive and tell apart the colors red, green, yellow, and 

blue)?”; response alternatives: “Yes”, “No”) because of the relevance of color as indicator of 

specific sequence. At the end of the experiment, participants received detailed debriefing if 

                                                           
4
 The variable name “color” is used in Study 1 only, as here two differently constructed sequences (an eight- and 

a 12-element-sequence for each color, respectively) share the feature of blue or yellow color, respectively. 

Observed color differences will most likely be due to properties of sequence construction, like varying 

difficulty, and not due to color itself. Thus, in the later studies, color only functions as discriminative stimulus 

indicating sequence type (i.e, the performance-FEE-contingencies associated with the respective sequence). 
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interested. The whole experiment usually lasted from about 45 minutes to an hour (times for 

completing consent forms etc. included) depending on DILT-condition. 

3.2.4.1 DILT. 

Four DILT-versions were created by varying sequence length (eight vs. 12 elements) 

and presence of a distractor asterisk simultaneously to the target but in another screen 

position (distractor/no-distractor). As Study 1 tested performance accuracy and the magnitude 

of the negative transfer effect only, the DILTs featured here contained no FEEs. 

The DILT (Schultheiss, Pang, et al., 2005) examines implicit, or unconscious, 

visuomotor sequence learning. It features a dot appearing on one of four screen locations (see 

Figure 3.1) and the participant has to react by pressing one of four buttons corresponding to 

the position of the target stimulus. Without the knowledge of the participant, the dot 

presentations sometimes follow a fixed sequence of, for example, 12 consecutive positions. 

After some repetitions, performance for fixed sequences should be better than for random 

sequences of the same length not following a pattern. Implicit learning gains are reflected in 

improved accuracy, expressed in lower error scores, and improved speed, expressed in lower 

RTs, on fixed compared to random sequences (see above). 

To make fixed sequences harder to detect on an explicit level, each sequence of 12 

(12-element-conditions) or eight trials (eight-element-conditions) was preceded by a random 

trial in which the target appeared in a random position with the restriction for fixed sequences 

that the location was not identical to the starting point of the respective sequence. To keep 

unit length equal, the 12- or eight-trial-random-sequences were also preceded by another 

random trial, but with no restrictions concerning target location, as for random sequences the 

starting point of the actual sequence was random, too, and so no adjustment could be made 

here. Thus each presentational unit consisted of 13 or nine trials, respectively. The mentioned 

first element did not enter my analyses, as it was not part of the fixed sequences. For random 



56 
 

sequences, I did not use the first element in my analyses either to achieve better 

comparability to fixed sequences.  

The background color during testing was black. Dashes, dots and asterisks were 

always shown in the same color during the same group of 13 or nine presentations, blue or 

yellow depending on sequence. Dots, the target stimuli, were “Courier New” -font bold-faced 

and 5 mm in diameter. Asterisks, the distractor stimuli (distractor-conditions only) were 

“Courier New”-font and bold-faced and 7.50 mm in diameter. Dashes marking the four 

positions were 21 mm long and 3 mm high. The inter-stimulus interval between participants´ 

response on a given trial and the onset of the next target presentation was 200 ms. Elements 

were arranged, separated by 12.5% of screen width, at one of four screen positions 

corresponding to 31.25%, 43.75%, 56.25% and 68.75% of screen width, measured from left 

to right, respectively. Dots were presented at 45% of screen height, while asterisks, due to 

their differing shape and the fact that they appear as superscript in normal text (target and 

distractor stimuli were programmed as “text”-elements), were presented at 48% to achieve a 

similar height impression, and dashes were always presented at 55% height, with percent 

measurement starting at zero at the top and ending with 100 at the bottom of the screen.  

Instructions and practice trials. Instructions told participants to place the response 

pad directly before them and to use their forefinger and middle finger of the left and right 

hand, respectively, for one of the four positions each. Pictures of the pad and correct finger 

placement visually supplemented those instructions. Participants were requested to react to a 

series of dots. A dot would appear above one of four dashes that corresponded to the response 

pad keys 1 to 4, from left to right (see Figure 3.1).  
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Figure 3.1. Schematic depiction of the Differential Implicit Learning Task (DILT). The 

capital letters (A, B, C, D) correspond to one of four possible on-screen-locations of the 

target-stimulus, a dot, or to the four buttons on the response pad the participant is required to 

press in reaction to the dot´s position. 

 

Participants were instructed to press the corresponding key as fast and as accurate as 

possible. To ensure that participants indeed worked as fast and accurate as possible, a practice 

block was placed in the instructions. Before participants were allowed to start the DILT, they 

completed 26 practice trials, two testing units of 13 blue and 13 yellow dot presentations in 

random order, using the random-sequence-method specified below. A trial was counted as 

correct if the correct response pad key was pressed before 1500 ms elapsed (see Schultheiss, 

Pang, et al., 2005), and incorrect trials were followed by the word “WRONG!” displayed 

below the dashes for 500 ms. On each color, participants had to correctly respond to at least 

12 of the trials, corresponding to more than 90% accuracy and the 12% error-criterion in the 

pilot study of Schultheiss, Pang, et al. (2005), or else the respective color-unit was repeated 

up to five times until this criterion was met. Participants unable to meet this criterion at all on 

both sequences had thus completed 156 practice trials before entering the main test. In the 

distractor-conditions, there was an additional practice block after the first one with additional 

instructions to ignore the asterisk while continuing to react to the dot. This block was 
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identical to the first, except that distractors asterisks of the same color appeared 

simultaneously to the target on a different screen position on every trial. After practice trials, 

participants were informed that the actual task was about to begin and that they would no 

longer receive feedback. The instruction to work as fast and as accurate as possible was 

repeated and participants were asked to call the experimenter if they had further questions. 

(cf. Schultheiss, Pang, et al., 2005, for a similar approach to instructions and practice trials) 

Block structure. A block consisted of 16 sequences, eight blue and eight yellow 

ones, with each block consisting of two halves of four blue and four yellow sequences 

appearing in random order. Thus, in contrast to Schultheiss, Pang, et al. (2005), immediate 

repetitions of the same sequence within a block were possible – Yet I only had two instead of 

three fixed sequences, and thus considered this procedure the best solution, as keeping the no-

repetition constraint in this context would have resulted in always alternating between blue 

and yellow which would have enabled participants to learn a “double fixed sequence” 

irrespective of color, only separated by a random element between the single fixed sequences.  

Four blocks of fixed sequences (FS) always preceded one random sequence block 

(RS). This structure was repeated three times, creating a 15-block-task: 4 FS / 1RS / 4 FS / 

1RS / 4 FS / 1RS, and the three identical structures are henceforth called T1, T2 and T3 

respectively. Thus, participants had worked on each of the two fixed sequences 32 (T1), 64 

(T2) or 96 (T3) times before being tested on the respective random-sequence-block. This 

design was used to determine when robust implicit learning emerges. Between block 7 and 8, 

a break trial was inserted to prevent fatigue. In the break trial, participants were informed that 

the first half of the test was over and that they could relax their fingers and legs if necessary 

and then proceed by pressing “enter”.  

Visuomotor sequences. All sequences used in Study 1 are given in Table 3.1.  
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Table 3.1 

Overview of sequences and fragments used in the DILT and the Recognition task in Study 1 

 eight-element 

Fragment 1* 2  

Blue A C D B C A B D  

Yellow C A D C B D B A  

Blue-fake 1 D B A C B D C A  

Blue-fake 2 B A D C D A B C  

Yellow-fake 1 D A B C D C B A  

Yellow-fake 2 B C D B D A C A  

 12-element 

Fragment 1 2 3 

Blue D A B D C A C B A D B C 

Yellow B A C D B D A D C B C A 

Blue-fake 1 B D A C A B C D B A D C 

Blue-fake 2 A B D B A C D C B C A D 

Yellow-fake 1 D B A B C B D C D A C A 

Yellow-fake 2 A D A C A B C D C B D B 

Note. “Blue“ and “Yellow“ are the main sequences used in the Differential Implicit Learning 

Task (DILT) and Recognition, respectively. Blue or yellow “fake”-sequences are distractor-

sequences used in addition to the main sequences in Recognition only.  

Letters indicate the screen positions from the outer left (A) to the outer right (D).  

* Fragment numbers pertain to the second part of Recognition, in which “real” four-element-

fragments had to be discriminated from “fake” ones. They were parts of the whole sequences, 

with “real” fragments taken from the main sequences and “fake” fragments from the fake 

sequences. Numbers indicate the first and second half (eight-element-conditions) or first, 

middle and last third (12-element-conditions) of the sequence. 

 

The principles for constructing the 12-element-sequences were similar to those in 

Schultheiss, Pang, et al. (2005): (1) The four screen positions (A, B, C, D) were featured with 

equal frequency, each one three times. (2) If the sequence was looped back on itself, each of 

the 12 possible first-order-transitions (AB, AC, AD, BA, … DB, DC) was featured exactly 

one time. (3) The sequences started with different dot positions and (4) shared none of the 

possible 36 second-order-transitions (ABA, ABC, ABD, ACA, … DCB, DCD) with each 

other. Criterion (4) was stricter than the one in Schultheiss, Pang, et al. (2005), which allowed 

for one second-order-transition overlap, as I wanted implicit learning gains on one sequence 

to be attributable completely to implicit learning on that specific sequence. Criterion (2) 

ensured that implicit learning was complex, as gains could only be achieved by learning 

SOCs or higher (cf. Schultheiss, Pang, et al., 2005). As a starting point, the yellow sequence 
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from Schultheiss, Pang, et al. (2005) was chosen as blue sequence for the new DILT. The 

new yellow sequence was constructed according to the criteria above. For Recognition 

assessing explicit sequence awareness via recognition of the two DILT-sequences among 

“fake” sequences not featured in the DILT, two fake sequences of each color were created 

according to the same criteria, with criterion (3) pertaining to the real sequence of the same 

color and criterion (4) reduced to the constraint that fake sequences only shared one second-

order-transition with the test sequence of the same color. For the blue sequence, I used the 

other two sequences from Schultheiss, Pang, et al. (2005; then “red” and “blue” sequence) as 

blue fake sequences. For the newly created yellow sequence, two fake patterns were created, 

only one of them sharing one second-order-transition with the real sequence (DCB in yellow 

fake 2) which to my best knowledge was inevitable due to combinatory necessity. 

For the newly created eight-element-sequences, criterion (1) was adapted to each 

position being featured two times and criteria (3) and (4) were fully implemented. Fulfilling 

Criterion (2) was impossible with only eight trials but 12 possible combinations, and so I 

created the rule that at least first-order-transitions were not repeated within the same 

sequence and had to be maximally distinct between the two sequences. This meant that the 

sequences overlapped in four first-order-transitions and the other four were unique to the 

respective fixed sequence. Construction of the four fake sequences for Recognition followed 

the same principles as for the main fixed sequences, with criteria (2) and (3) pertaining to the 

real fixed sequence of the same color and criterion (4) again reduced to only one shared 

second-order-transition with the test sequence of the same color. In fact, real and fake 

sequences of the same color did not share any second-order transitions this time, except for 

one (DCB) between the yellow sequence and fake yellow 1. A second-order-transition 

overlap created by looping the sequence back on itself was not counted as an actual overlap, 

because between two sequences, even of the same color, there always was an interspersed 
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random dot presentation on the task not equal to the starting position of the respective 

sequence, interrupting possible second-order-transitions. 

The random sequences were created as follows: each of the four possible target 

locations was entered three (12-element conditions) or two times (eight-element conditions) 

in a counter and the program was instructed to draw target locations from the respective 

counter for 12 or eight trials, respectively, with the restrictions that elements were not 

replaced and positions could not repeat themselves on consecutive trials.  

Dual-task environment. I assessed the necessity of a dual-task administration of the 

DILT for ensuring the absence of explicit learning first by eliminating the dual task-

environment completely in the no-distractor conditions and second by replacing the 

additional auditory beep-counting task used by Schultheiss, Pang, et al. (2005) with a target-

selection process caused by the distractor-asterisk in the distractor conditions. 

3.2.4.2 Awareness Check 1: Open Question. 

The first step in probing for explicit sequence awareness was assessing participants` 

open comments on the task without prior reference to special features of the DILT. As stated 

above, this task was irrelevant to my implicit learning approach and is not described here.  

3.2.4.3 Awareness Check 2: Reproduction. 

In a second step, I prompted participants to actively reproduce fixed sequences 

observed during the test on the response pad, first the blue and then the yellow one. At this 

point, participants were debriefed via on-screen-instructions about the DILT´s critical feature 

– that there were two fixed sequences of target locations with 12 (12-element-conditions) or 

eight (eight-element-conditions) successive dot-presentations each, but that sometimes there 

were random sequences with an equal number of trials, too, which could not be predicted. 

The four dashes from the DILT were displayed again in the color of the respective sequence. 

To facilitate orientation, the numbers 1 to 4 of equal color were continuously shown during 
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response trials from left to right under the dashes marking the possible dot-positions and 

regardless of condition, there were no distractor-asterisks. To give participants feedback on 

their key presses, the dot was shown at the selected position for 500 ms after each response. 

Participants were given 36 (12-element-conditions) or 24 (eight-element-conditions) trials for 

each fixed sequence and informed that speed was not important for this task and they should 

try to reproduce the respective sequence three times if they knew it exactly or, if not, to try to 

reproduce what in their opinion were typical key press patterns during the task.  

3.2.4.4 Awareness Check 3: Recognition. 

The last step for assessing explicit learning was probing for recognition of whole 

sequences and sequence fragments (fragments) from the DILT among fake patterns not 

featured in the test (see Table 3.1 for a complete list of sequences and fragments, 

respectively). Participants were again informed that the dot locations (but not the asterisk 

locations) had sometimes followed a predictable pattern of 12 (12-element-conditions) or 

eight presentations (eight-element-conditions) each and that there had been a blue and a 

yellow sequence. They were told that they would see sequences, the two real ones and four, 

two blue and two yellow ones, that had not been featured in the DILT. In a second part of the 

task, they would see fragments of four dot-presentations each, six (12-element-conditions) or 

four (eight-element-conditions) real ones and 12 (12-element-conditions) or eight (eight-

element-conditions) fragments that had not been featured on the DILT. The task was to 

indicate the degree to which they were convinced the respective sequence or fragment had 

been on the test by entering a number on a scale using the number keys on the keyboard. The 

scale was the German equivalent of the five-point scale from Schultheiss, Pang, et al. (2005): 

1 = definitely not, 2 = probably not, 3 = not sure, 4 = probably, 5 = definitely. To facilitate 

orientation, the numbers 1 to 4 were continuously shown during pattern-presentation from 

left to right under the dashes marking the possible dot-positions and regardless of condition, 
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there were no distractor-asterisks. The dots were presented for 390 ms each, with an inter-

stimulus-interval of 10 ms for erasing the previous stimulus. At the end of each pattern, 

participants were prompted to indicate the degree to which they were sure that it was featured 

in the test and the five-point scale was presented until a response was made. The whole 

sequences were presented in random order, as well as the fragments, which represented the 

first, second and last third (12-element-conditions) or first and second half (eight-element-

conditions) of the whole sequences.  

3.2.5 Statistical Analyses. 

To determine an optimal DILT-version, I used repeated-measures analysis of variance 

(ANOVA). For all analyses, the statistic software SYSTAT 13 was used. 

3.3 Results 

To provide a robust paradigm for studying instrumental conditioning effects of 

implicit motives on implicit learning and to make motive effects visible in the other studies, I 

determined the conditions under which (a) accuracy is sufficiently low to allow for a 

sufficient range in error scores and (b) the accuracy gains from random to fixed sequences are 

at a maximum. Thus after documenting implicit learning effects in general and for each 

block, I determined the experimental condition with the lowest accuracy which ideally would 

also be the condition with the largest accuracy gains. 

3.3.1 Data preparation. 

Data for the intermittent random starting trial (see method section) between two 

respective fixed or random sequences was deleted in all sub-studies to allow for 

uncontaminated evaluation of performance on the 12- or eight-element sequences. 

3.3.1.1 Data-transformations. 

If transformation of a variable was necessary, all inferential analyses on that variable 

were run for its transformed version throughout Study 1, even if for some variables 
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descriptive statistics are reported as untransformed scores for easier interpretability (see 

below). The transformations reported here are the basis for deriving my dependent variables. 

They are used in all sub-studies and not explained again below.  

I determined an error score (absolute number of key presses indicating another 

location as the one where the dot was actually presented on a given trial) and average RTs, 

respectively, based on whole sequences as smallest unit of computation. However, the 

number of correct key presses per sequence deviated from normality (Ws
5
 < .82, ps < 

.000001) for all fixed- and random-sequence-clusters of both colors. Thus, I log-transformed 

error scores to achieve a normal distribution (see Schultheiss, Pang, et al., 2005; Schultheiss, 

Wirth, et al., 2005). Formulas were log(13 – average of correct trials per sequence) for 12-

element-conditions and log(9 – average of correct trials per sequence) for eight-element-

conditions
6
 (for computations on percent accuracy, uncorrected scores adjusted for sequence 

length were used). Using 13 and 9 as a basis from which correct trials were subtracted was 

necessary, as the range from zero to one is treated differently in a mathematical sense (i.e. 

scores are negative and get extremely large) than other values by logarithmic transformations 

and thus the anchor should be at least 1.00 (Osborne, 2013). Thus, higher scores reflect more 

errors and less accuracy. This approach was kept in all sub-studies to make results 

comparable to earlier DILT-research and because logarithmic transformations like the natural 

logarithm are common for improving conformity to a normal distribution, especially when 

many factors influence outcomes (Osborne, 2013) which will be the case especially in the 

models of Studies 2 to 4. Further, to arrive at a measure of the negative transfer effect, log-

transformed error scores on fixed sequences were subtracted from their counterparts on the 

                                                           
5
 The W-statistic represents results of Shapiro-Wilk tests throughout this thesis (Shapiro & Wilk, 1965). 

6
 In all sub-studies, log-transformations used the natural logarithm which is a common choice (Osborne, 2013). 

However, as “log-transformation” seems to be the common term when referring to transformations of this 

family (cf. Osborne, 2013), it is used throughout this thesis. 
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respective random sequences, creating accuracy gain scores with higher scores indicating 

better implicit learning on the accuracy criterion (see Schultheiss, Pang, et al., 2005). 

For RTs, I excluded response errors prior to computations (cf. Schultheiss, Pang, et 

al., 2005; Schultheiss, Wirth, et al., 2005). While this produces speed scores “contaminated” 

by a participant´s accuracy, using “pure” sequence execution speed would have made RTs 

unusable: Excellent RTs would have been possible by rapidly pressing random keys or 

always the same key without looking at the dot. Excluding response errors also is a common 

practice in implicit learning research (Deroost, Coomans, & Soetens, 2009; Nissen & 

Bullemer, 1987, experiment 1; Pronk & Visser, 2010; P. J. Reber & Squire, 1998). 

I did not exclude RTs below a pre-specified minimum RT: First, this seems neither 

common in current implicit learning studies (e.g. DeCoster & O’Mally, 2011; Deroost et al., 

2009; Pronk & Visser, 2010) nor in earlier motive-and- implicit-learning research 

(Schultheiss, Pang, et al., 2005; Schultheiss, Wirth, et al., 2005). Second, non-matching keys 

were already excluded preventing random key presses in rapid succession from entering 

analyses. Third, in theory a participant which had perfectly learned a sequence may be able to 

make immediate responses to the dot or even initiate responses before the dot´s onset by 

following a learned motor pattern of key presses. As previous studies on motives and implicit 

learning excluded RTs above 1500 ms (Schultheiss, Pang, et al., 2005; Schultheiss, Wirth, et 

al., 2005), I kept this criterion. Excluding very slow RTs is quite common in current implicit 

learning research, but while some advocate an even stricter criterion of 1000 ms (e.g., 

DeCoster & O’Mally, 2011; Pronk & Visser, 2010; P. J. Reber & Squire, 1998) I kept the 

1500-ms-approach of  earlier motives-and-implicit-learning research, first to achieve 

comparability of my results and second because my sub-studies will also use disincentives for 

n Power that possibly might deteriorate performance and create RTs below the ones typically 

observed in implicit learning research. To sum up, RTs following incorrect key presses or 
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above 1500 ms were excluded from RT computations, but there was no minimum RT for a 

trial to be deemed valid.  

In Study 1, percentage of correct key presses per sequence across the whole DILT as well as 

participant age deviated from normality (Ws < .91, ps < .001) and were thus log-transformed to 

achieve conformity to a normal distribution for inferential analyses. 

3.3.1.2 Heuristic for evaluating Reproduction performance.  

For Reproduction, I devised an analyzing heuristic which is used in all sub-studies. To 

avoid unsystematic errors in my scoring procedures when checking files by hand, I did not 

determine the longest coherent real sequence parts that participants got right (cf. Sanchez & 

Reber, 2013), but used an automated approach: As the smallest learnable content in my 

paradigm were SOCs, reproducing more SOCs from the actual sequences reflects better 

learning, while mainly reproducing wrong patterns indicates no explicit sequence knowledge. 

The problem was that participants had 36 or 24 key presses, depending on condition, to hit 

the actual SOCs and so in the unlikely but not impossible case of perfectly random key 

pressing generating maximally distinct SOCs, some participants could achieve high scores 

without any explicit sequence knowledge, too. To address this, I wrote a script counting each 

of the 36 possible SOCs exactly once. Repetitions were not scored a second time, resulting in 

a maximum score of 10 (12-element-conditions) or 6 (eight-element-conditions) real SOCs 

which I corrected for sequence length by converting those scores to the percentage of unique 

correct sequence elements included in the whole Reproduction task. Those scores were 

averaged between the blue and yellow sequence to derive an overall score. To address the 

possible problem mentioned above, this average percentage score was corrected for 

maximally different key pressing (and thus for inevitably producing more wrong SOCs, too) 

by multiplying it with the proportion of unique real SOCs relative to the number of different 

unique SOCs included in the test (averaged between yellow and blue sequence, too), resulting 
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in the following formula: Reproduction performance = percentage of actual unique SOCs hit 

x [number of real SOCs/(number of real SOCs + number of wrong unique SOCs generated)]. 

Scores from zero to +1 were possible, for example 0.10 for someone always reproducing the 

same single correct SOC and no wrong ones, 0.49 for someone who got 8 SOCs right but also 

generated 5 wrong ones (or 0.52 for someone with 5 right and 3 wrong in eight-element-

conditions, respectively; proportions are thus kept roughly equal between conditions 

considering that correct and wrong SOCs could only be counted in whole numbers) and 1.00 

for someone always repeating the right sequence throughout the Reproduction task.
7
 

3.3.2 Descriptive statistics. 

Figure 3.2 plots percentage of correct trials and RTs for all testing blocks and already 

hints at implicit learning effects reflected in more correct trials or faster RTs on fixed 

sequences. From block 7 to 8, between which the pause trial had been inserted, percent of 

correct trials seem to drop and RTs seem to rise. For better legibility, in Figure 3.3 

performance for all fixed sequence blocks preceding one of the three random-sequence 

blocks has been averaged. Considering my aim of sufficiently low accuracy, the choice of the 

best condition for conducting motive-relevant DILT-experiments could have been made by 

inspection of Figure 3.3 (bottom quarter, left side) alone: With exception of the first fixed-

sequences-section, the highest error scores are consistently obtained in the 12-element 

condition without distractors. 

Table 3.2 shows the means, standard deviations and inter-correlations of all relevant 

variables assessed in Study 1. Correlations between overall DILT-performance and accuracy-

gains at T1 and T3 were negative and significant, with a corresponding trend at T2 being only 

                                                           
7
 Further score examples too illustrate how closely this method corrects for different SOC numbers in eight- vs. 

12-trial-sequences in terms of proportions (6 vs. 10 SOCs): 

- 12 trials: 1 correct, no errors = 0.1; 5 correct (50%), 20 errors = 0.1; 7 correct, 10 errors = 0.29; 8 

correct, 5 errors = 0.49; 9 correct, 3 errors = 0.75; all correct, no errors = 1.00 

- 8 trials: 1 correct, no errors = 0.18; 3 correct (50%), 12 errors = 0.1, 4 correct, 6 errors = 0.27; 5 

correct, 3 errors = 0.52; 6 correct, 1 error = 0.85; all correct, no errors = 1.00 
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slightly missed (p = .12). This result underscores the need for choosing the DILT-version 

with the highest error rate to detect accuracy gains, as it indicates that if errors are only 

sparsely present in overall DILT-performance, i.e. if overall accuracy is too high throughout 

the DILT, the negative transfer-effect reflected in the accuracy gains may deteriorate or may 

be obscured by an only negligible error differential between fixed and random sequences. 

Also, the inter-correlations between accuracy gains and RT gains at T2 and T3, respectively, 

indicate that no speed-accuracy-tradeoff emerged and thus participants had followed 

instructions to work as fast and accurate as possible. The correlation between Reproduction 

and whole sequence Recognition indicates a relationship between the types of explicit 

learning assessed in those tasks, respectively.  

 

 

Figure 3.2. Average percent of correct trials (left) and average response times in milliseconds 

(right) per sequence (error bars depicted) for all testing blocks in Study 1. F= fixed-sequence 

block, R = random-sequence block. 
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Figure 3.3. Log-transformed error scores (left) and response times in milliseconds (right) on 

fixed (FS) and random (RS) test sections for all three testing blocks in Study 1 (higher values 

reflect more errors; standard errors are displayed), overall (top quarter), by length (next-to-

top quarter), distractor presence (next-to-bottom quarter) and condition (bottom quarter). 
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Table 3.2 

Matrix with means, SDs and intercorrelations of all relevant variables assessed in Study 1 

  M SD 1 2 3 4 5 6 7 8 9 10 11 

1. DILT-Perf. 0.96 0.02 1.00                     

2. ∆Acc (T1) 0.09 0.12 -.30* 1.00                   

3. ∆Acc (T2) 0.07 0.11 -.20 .07 1.00                 

4. ∆Acc (T3) 0.07 0.13 -.34** .09 .20 1.00               

5. ∆RT (T1) 33.07 44.38 .16 .09 -.17 -.11 1.00             

6. ∆RT (T2) 14.26 27.66 -.11 .34** .30* -.09 .35** 1.00           

7. ∆RT (T3) 18.45 24.44 .01 .16 .01 .41** .00 .00 1.00         

8. Repro 0.14 0.09 -.17 .01 .10 .06 -.06 .19 .12 1.00       

9. Reco (Seq.) 0.30 0.98 .00 -.04 .21# -.04 -.15 .18 .11 .28* 1.00     

10. Reco (Frag.) 0.42 0.63 -.17 -.01 -.03 -.13 -.12 .07 -.14 .05 .17 1.00   

11. Age 21.48 3.86 .05 -.10 -.11 -.03 .26* -.10 -.08 -.12 -.10 -.26* 1.00 

12. Gender   1.43  0.38  0.42  -1.13  1.71#  -0.32  0.22 -0.40  1.00 -0.62  0.68 

Note. N = 63. Descriptive statistics are derived from the raw scores of the respective variables, except for ∆Accs which are based on log-transformed error 

scores, respectively. Correlations and t-statistics are computed for transformed variables which means log-transformation for all other variables, too. Implicit 

learning measures were derived from the Differential Implicit Learning Task (DILT; DILT-Perf. to ∆RT (T3)). DILT-Perf. = overall DILT-performance 

(percentage of correct key presses per sequence across fixed/random, blue/yellow, T1/T2/T3); ∆ = learning gains in accuracy (acc) and response latencies 

(RT), gains were derived by subtracting scores for fixed sequences from those on random sequences (log-transformed error scores for acc, response times in 

milliseconds for RT; higher scores correspond to better learning in both cases); T1-T3 = Test sections 1 to 3; Repro = Reproduction (correct SOCs corrected 

for wrong SOCs produced); Reco = Recognition (Recognition ratings for fake subtracted from ratings for real whole sequences (Seq.) and sequence fragments 

(Frag.)); Gender = t-statistics for gender differences (t-tests; df: 61).  
** p < .01. * p < .05. # p < .10.
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3.3.3 Hypothesis testing. 

Study 1 was designed to derive practical recommendations regarding the DILT-

version with the highest accuracy gains and the lowest explicit awareness. To determine an 

optimal DILT-version, I used a 2 (sequence length: 12 vs. eight elements) x 2 (distractor use: 

yes vs. no) x 3 (block: T1, T2, T3) x 2 (sequence color: blue vs. yellow) x 2 (phase: fixed vs. 

random sequences) repeated-measures ANOVA with test performance on the accuracy (error 

scores) or speed criterion (RTs) as dependent variables, respectively, with the first two 

factors varied between- and the latter three within-subjects. For later direct examination of 

the negative transfer effect, the difference between random and fixed sequences was directly 

entered as dependent variable, eliminating the phase factor. 

3.3.3.1 Evidence of implicit learning. 

The sine-qua-non requirement for deriving the best DILT-version was documenting 

implicit sequence learning as reflected in a negative transfer effect from fixed to random 

sequences (phase). My main analytical ANOVA term of all relevant DILT-variables with my 

indicator of accuracy, log-transformed error scores, as dependent variable yielded a main 

effect of phase (F(1, 60) = 14.75, p < .001, ηp² = .197), documenting a negative transfer effect 

from fixed (M = 0.31, SD = 0.17) to random sequences (M = 0.38, SD = 0.20). When splitting 

the general term by block, the phase-effect remained significant for T1 (F(1, 60) = 5.79, p < 

.05, ηp² = .088; fixed: M = 0.26, SD = 0.15; random: M = 0.35, SD = 0.17), was on the 

significance line for T2 (F(1, 60) = 3.99, p = .05, ηp² = .062; fixed: M = 0.32, SD = 0.18; 

random: M = 0.39, SD = 0.22), and highly significant at T3 (F(1, 60) = 7.94, p < .01, ηp² = 

.117; fixed: M = 0.34, SD = 0.20; random: M = 0.41, SD = 0.26). Separate analyses by color 

also showed the implicit learning effect to persist in the blue (F(1, 60) = 11.02, p < .01, ηp² = 

.155; fixed: M = 0.29, SD = 0.17; random: M = 0.37, SD = 0.20) and the yellow sequence 

(F(1, 60) = 5.53, p < .05, ηp² = .084; fixed: M = 0.32, SD = 0.17; random: M = 0.39, SD = 
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0.21). There were more errors in 12- (M = 0.42, SD = 0.20) compared to eight-element-

sequences (M = 0.27, SD = 0.12; F(1, 60) = 13.61, p < .001, ηp² = .185), but I found neither 

an effect of distractor use or a length x distractor interaction on general accuracy scores (Fs < 

2.35, ps > .13, ηp²s < .038), with distractor use slightly missing trend-level for higher error 

scores in no distractor- (M = 0.38, SD = 0.20) compared to distractor-conditions (M = 0.31, 

SD = 0.16). However, as I was only interested in finding an optimized measure for implicit 

learning and phase-effects were pervasively present, I created accuracy gain scores by 

subtracting log-transformed error scores on fixed from those on random sequences 

(Schultheiss, Pang, et al., 2005). All of the following analyses are only concerned with effects 

concerning accuracy gains, omitting irrelevant effects concerning accuracy scores 

irrespective of implicit learning gains as reflected in the negative transfer effect. 

3.3.3.2 Factors influencing implicit learning gains on accuracy on the DILT. 

Having documented implicit learning effects, I simplified the ANOVA term by 

directly using accuracy gains instead of log-transformed error scores as dependent variable, 

eliminating phase as a factor. All accuracy gains for each block and color conformed to a 

normal distribution (Shapiro-Wilk tests: all ps > .10).  

Experimental conditions. In contrast to my prediction in Hypothesis 1 regarding 

higher gains for eight-element-sequences, no main effect of length (12: M = 0.08, SD = 0.08; 

8: M = 0.07, SD = 0.08), but as expected also no Length x Distractor use interaction was 

observed (Fs < 0.71, ps > .40, ηp²s < .013). I found a main effect of distractor use
8
 (F(1, 60) = 

4.47, p < .05, ηp² = .069) in the opposite direction as postulated in Hypothesis 2 predicting 

larger gains in distractor conditions. Accuracy gains averaged across color and block for the 

                                                           
8
 The model in the preceding section was concerned with trying to document the phase-effect in the first place 

and assessing general effects of sequence length and distractor use on log-transformed error scores irrespective 

of the negative transfer effect. The following section focused on the negative transfer effect thus does not repeat 

the above analyses, but investigates effects of the experimental manipulations on accuracy gains. Of course, the 

effects reported here also appeared as interactions of phase with other factors  in the above model of same size 

and significance (for example the distractor effect on accuracy gains also showed up as a Phase x Distractor 

interaction on log-transformed error scores), but are only reported here once to avoid redundancy. 
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no-distractor conditions were larger (M = 0.10, SD = 0.08) than those for the distractor 

conditions (M = 0.06, SD = 0.07). My main analyses therefore favor no-distractor conditions 

which could already be guessed from Figure 3.3 (left, next-to-bottom quarter). 

Block. There was no main effect of block (F(2, 120) = 0.40, p = .67, ηp² = .007), nor 

did block interact with length, distractor use, or their interaction (Fs < 2.03, p > .10, ηp²s < 

.034). With respect to accuracy gains, no prediction about optimal overall test length can be 

derived based on the sequence-learning-properties of the DILT alone. 

Sequence color. As expected, there was no main effect of color (blue: M = 0.07, SD = 

0.11; yellow: M = 0.07, SD = 0.11) and no Color x Length x Distractor interaction (Fs < 0.55, 

ps > .40, ηp²s < .010). Yet there was a Color x Length interaction, F(1, 60) = 14.62, p < 

.0001, ηp² = .196, with color exerting a weaker influence for the 12-element model  (F(1, 30) 

= 0.66, p = .42, ηp² = .021) than for the eight-element model (F(1,  29) = 9.57, p < .01, ηp² = 

.248) where accuracy gains on the yellow (M = 0.09, SD = 0.10) exceeded those on the blue 

sequence (M = 0.03, SD = 0.10). In addition, there was a Color x Distractor interaction, F(1, 

60) = 8.01, p < .01, ηp² = .118, with learning gains on blue sequences (M = 0.07, SD = 0.11) 

being smaller than for yellow sequences (M = 0.11, SD = 0.10) in  no-distractor-conditions, 

F(1, 29) = 5.23, p < .05, ηp² = .153, but larger (M = 0.08, SD = 0.10)  than for yellow 

sequences (M = 0.03, SD = 0.10)  in distractor-conditions, F(1, 30) = 8.42, p < .01, ηp² = .219.  

Aside from the results reported, there were no effects on accuracy gains (ps > .10). 

3.3.3.3 Awareness-tests. 

Because of deviation from normality (Ws < .96; ps < .03; with fake-rating mean for 

whole sequences showing only marginal deviation, W = .97; p = .07), all Reproduction scores 

were log-transformed for inferential analyses, as well as Recognition judgments on real and 

fake sequences and fragments. For readily interpretable descriptive statistics, I provide 

untransformed means and standard deviations. Finally, focused on results pertaining to 
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implicit learning, I restrict moderation checks to the overall phase-effect in the disaggregated 

model and then continue to the main results of the gain-model in most cases. 

Sequence reproduction. On average, participants generated 50.95% percent (SD = 

16.79) of the correct unique SOCs, with those correct unique SOCs constituting 26.16% (SD 

= 8.84) of the number of unique SOCs generated overall (correct and wrong ones) during 

Reproduction, leading to an adjusted Reproduction score of 0.14 (SD = 0.09; for computation 

details, see data preparation). Using transformed Reproduction scores as dependent variable 

in a Length x Distractor ANOVA revealed no effect of distractor use or of the Length x 

Distractor interaction (Fs < 0.99, ps > .10, ηp²s < .017), but an effect of length (F(1, 59) = 

31.63, p < .000001, ηp² = .349), indicating better Reproduction scores for 12-element (M = 

0.19, SD = 0.09) than for eight-element-sequences (M = 0.09, SD = 0.05).  

To assess whether this difference was relevant to my main findings, I entered 

Reproduction as a predictor into the main model and found no interaction with Phase (F(1, 

59) = 0.13, p = .72, ηp² = .002). Continuing with the accuracy gain model, including 

Reproduction did not reveal any interaction effects with the findings reported (ps > .10). 

Thus, while clearly differing between conditions, explicit learning as assessed by 

Reproduction did not systematically or substantially influence accuracy gains on the DILT. 

Sequence recognition. The difference in Recognition scores for real (M = 3.30, SD = 

0.64) versus those for fake sequences (M = 3.00, SD = 0.53) was significant (t(62) = 2.37, p < 

.05, d = 0.50). For the sequence fragment task, the difference between real (M = 3.32, SD = 

0.54) and fake elements (M = 2.90, SD = 0.42) was more pronounced, t(62) = 5.39, p < 

.00001, d = 0.88. Like Schultheiss, Pang, et al. (2005), I measured sequence awareness by 

subtracting average rating scores on fake from those on real items for sequences (M = 0.30, 

SD = 0.98) and for four-element sequence fragments (M = 0.42, SD = 0.63).  
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Using transformed whole sequence awareness scores as dependent variable in a 

Length x Distractor ANOVA revealed no effects of distractor use, sequence length, or the 

Length x Distractor interaction (Fs < 0.75, ps > .10, ηp²s < .013), and the same was true for 

transformed sequence fragment awareness (Fs < 0.90, ps > .10, ηp²s < .016), so Recognition-

performance could not be used to corroborate my decision for one of the DILT-versions. 

Thus Recognition, the in my view most useful indicator of explicit learning, did not support 

Hypothesis 3 predicting lower explicit learning in distractor conditions.   

Whole sequence recognition. To assess whether whole sequence awareness influenced 

my main findings, I entered it as a predictor into the main model and found no interaction 

with phase (F(1, 59) = 0.10, p = .75, ηp² = .002). Continuing with the accuracy gain model 

did not reveal any moderations of my main results (ps > .10). I conclude that the results 

reported above do not depend on whole sequence awareness.  

Sequence Fragments recognition. To assess whether fragment awareness influenced 

my main findings, I entered it as a predictor into the main model and found no interaction 

with phase (F(1, 59) = 0.27, p = .60, ηp² = .005). Continuing with the accuracy gain model 

did not reveal significant main or interaction-effects with any other factor (ps > .10). Results 

obtained in my main analyses were not influenced by fragment awareness. 

3.3.4 Additional analyses. 

3.3.4.1 RTs.  

RTs were not my main dependent variable, yet as they are used in many implicit 

learning studies, I shortly review the respective results. As all mean RTs, fixed or random 

sequences, on each block deviated from normality (Ws < .93, ps < .01), I log-transformed 

them (cf. Deroost et al., 2009) for all analyses (log(1 + RT mean)), yet report untransformed 

means and standard deviations to ensure comparability to earlier DILT-studies. 
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When reintroducing the general model used for accuracy with RTs as dependent 

variable, the phase effect reemerged (F(1, 60) = 6.56, p = .01, ηp² = .09; fixed: M = 433.27, 

SD = 70.55, random: M = 455.20, SD = 70.99). However, when splitting the model by block, 

T1 yielded a weaker phase main effect (F(1, 60) = 0.55, p = .46, ηp² = .009) than T2 (F(1, 60) 

= 5.29, p < .05, ηp² = .081; fixed: M = 430.57, SD = 69.40, random: M = 444.82, SD = 65.53) 

and T3 (F(1, 60) = 5.79, p < .05, ηp² = .088; fixed: M = 419.93, SD = 66.49, random: M = 

438.83, SD = 67.23). The effect emerged for blue (F(1, 60) = 5.86, p < .05, ηp² = .089; fixed: 

M = 435.01, SD = 71.80, random: M = 455.30, SD = 71.91) and yellow sequences (F(1, 60) = 

4.92, p < .05, ηp² = .076; fixed: M = 431.53, SD = 70.04, random: M = 455.09, SD = 70.78). 

Thus, there are clear indications of implicit learning gains for RTs, too. I observed a marginal 

general length effect (F(1, 60) = 3.57, p < .10, ηp² = .056), with lower RTs for 12-element- 

(M = 428.61, SD = 49.13) than for eight-element-sequences (M = 460.36, SD = 84.21) as well 

as the expected pronounced general effect of distractor use (F(1, 60) = 21.09, p < .0001, ηp² = 

.260), with slower RTs in the distractor- (M = 477.41, SD = 76.10) compared to the no-

distractor conditions (M = 409.99, SD = 41.76), but no Length x Distractor-interaction 

interaction (F(1, 59) = 2.26, p = .14, ηp² = .037). Being only interested in finding an 

optimized implicit learning measure, I created RT gain scores by subtracting log-transformed 

RTs on fixed from those on random sequences (Schultheiss, Pang, et al., 2005; yet again, I 

report descriptive statistics for the untransformed scores for better comparability). All 

analyses below are concerned with RT gains, omitting effects concerning RT scores 

irrespective of implicit learning gains as reflected in the negative transfer effect. 

Again my term was simplified by using gains as dependent variables
9
, eliminating the 

phase factor. I did not observe effects of experimental manipulations on the RT gains, neither 

                                                           
9
 Like for accurcay, the model above was concerned with documenting the phase-effect in the first place and 

assessing general effects of sequence length and distractor use on log-transformed RTs irrespective of the 

negative transfer effect. The following analyses focused on the negative transfer effect thus do not repeat the 

above analyses, but investigate effects of the experimental manipulations on RT gains. The effects reported here 
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for length, nor for distractor use, nor for their interaction (Fs < 2.49, ps > .10, ηp²s < .041). A 

Color x Length-interaction (F(1, 60) = 6.17, p < .05, ηp² = .093) was obtained, indicative of a 

weaker color effect for 12-element-sequences (F(1, 30) = 0.62, p < .44, ηp² = .020) than for 

eight-element-sequences (F(1, 29) = 4.35, p < .05, ηp² = .130) where gains on the yellow (M 

= 29.99, SD = 25.92) exceeded those on the blue sequence (M = 20.06, SD = 26.56). 

Considering my small sample and as those effects were not part of my main analyses, 

a complex Color x Block x Length x Distractor-interaction (F(2, 118) = 3.49, p < .05, ηp² = 

.056) as well as only marginal Block x Length (F(2, 120) = 2.97, p < .10, ηp² = .047) and 

Color x Distractor interactions (F(1, 60) = 2.96, p < .10, ηp² = .047) were not pursued further. 

Aside from the results reported, there were no significant effects on RT gains (ps > .10).  

Sequence reproduction. Reproduction did not interact with phase (F(1, 59) = 1.88, p = 

.18, ηp² = .031) in my general model. Continuing with the RT gain model, explicit awareness 

assessed in Reproduction did not moderate the main results (ps > .10), except for the Color x 

Block x Length x Distractor-interaction in form of a five-way interaction (F(2, 110) = 3.32, p 

< .05, ηp² = .057), for which I refrain from interpreting due to its obvious lack of power and 

because of the limited usefulness of such highly specific effects for deriving practical 

recommendations in a design with only 63 participants. 

Whole sequence recognition - RTs. Whole sequence awareness did not interact with 

phase (F(1, 59) = 0.16, p = .69, ηp² = .003) in my main model. Continuing with the RT gain 

model did not reveal moderations of the main results (all ps > .10). Only the Color x 

Distractor interaction was moderated by whole sequence awareness (F(1, 58) = 4.28, p < .05, 

ηp² = .069), but this effect was not pursued further anyway. Overall, I concluded that whole 

sequence awareness did not influence RT gains in a substantially.  

                                                                                                                                                                                     
also appeared as interactions of phase with other factors  in the above model of same size and significance (for 

example the Color x Length effect on RT gains also showed up as a Phase x Color x Length interaction on log-

transformed RT scores), but are only reported here once to avoid redundancy. 
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Sequence fragment recognition - RTs. Fragment awareness did not interact with phase 

(F(1, 59) = 0.46, p = .50, ηp² = .008) in my main model. Continuing with the RT gain model, 

no moderation of the main results emerged (all ps > .10) except for the Color x Length 

interaction at trend-level, F(1, 58) = 3.23, p < .10, ηp² = .053) for the three-way interaction, 

which I could not reasonably pursue further because trend-level was missed for yellow and 

blue, or 12- and eight-element-sequences in different  model-splits alike (ps > .10). Fragment 

awareness did not influence RT gains in a substantial manner. 

3.3.5 Summary. 

Overall, analyses favor the 12-element condition without distractors, because on a 

descriptive level, error scores were higher than for the other conditions and no-distractor-

conditions yielded higher accuracy gains while sequence recognition was predicted neither by 

sequence length nor distractor use. Hypothesis 1, predicting larger implicit-learning-gains for 

a sequence length of eight elements was not confirmed, as shortening sequence length below 

12 elements had no positive effect on accuracy gains,. Also Hypothesis 2, larger accuracy 

gains for the distractor-conditions was not confirmed, as accuracy gains were actually lower 

than in no-distractor conditions. Hypothesis 3, lower scores on explicit learning measures in 

the distractor- compared to the no-distractor-conditions, was not confirmed either. 

3.4 Discussion 

Study 1 aimed at an accuracy optimized DILT, inducing a sufficient amount of errors 

in participants performance on a simple key-pressing task. As the other sub-studies all present 

performance-feedback contingent on participants` accuracy, making errors was a prerequisite 

for observing instrumental conditioning effects at all - Perfect accuracy would destroy all 

potential for learning that a wrong key entails a different reinforcement contingency than the 

correct key. Also, I tried to find a simple, time-efficient paradigm for the other sub-studies.  
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3.4.1 Interpretation. 

For highly complex effects like the Color x Block x Length x Distractor-interaction 

for RTs, I hesitated to interpret any further in the following given my small sample. 

3.4.1.1 DILT-version. 

The DILT-versions induced stable implicit learning overall and for all testing blocks 

for accuracy while the negative transfer-effect for RTs was present overall and for T2 and T3, 

but not for T1.  

While longer sequences led to more errors and also to slightly faster RTs, sequence 

length did not influence accuracy (or RT) gains. This was unexpected, as executing the 

shorter eight-element-sequences should be easier in terms of quickly pressing the right keys 

without making errors – or at least the negative transfer effect might be observed with less 

practice than for 12-element-sequences. For accuracy gains, no such effect emerged and thus 

I can derive neither a recommendation for optimal sequence length nor for overall test length 

for future studies involving motives. Based on those inconclusive results, kept the 12-

element-approach which demonstrated its effectiveness in the past (Schultheiss, Pang, et al., 

2005), featured (on a descriptive level) the highest error rates, and contains more learnable 

content with regard to implicit learning (10 SOCs) compared to eight-element-sequences (six 

SOCs). Thus, reduced testing time for eight-element-sequences also is no a valid argument 

for changing sequence length, as the data quality on the DILT has the highest priority. 

Opposed to my predictions, while distractor use slowed RTs, accuracy gains were 

larger for conditions without distractors than for those using the additional asterisk in addition 

to the dot, while RT gains did not differ by distractor use. I had expected a positive effect of 

distractor use on accuracy gains, as implicit sequence learning in the context of distractors 

should not only aid time-efficient correct key pressing, but simultaneously eliminate the need 

for target-discrimination from a distractor, thus enlarging the difference between fixed and 
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random sequences. Alternatively, in the worst case, I would have expected no difference 

between distractor- and no distractor-conditions, as some research found sequence learning to 

be uninfluenced by selection demands (Deroost et al., 2009). However, at least the basic 

effectiveness of the distractor manipulation was evident in higher RTs when working on 

distractor-DILTs (cf. filtering costs observed by Rowland & Shanks, 2006), but this finding 

does not further my aim of creating an accuracy-optimized DILT, as I primarily wanted 

participants to make enough errors to enable instrumental conditioning contingencies to be 

learned and to reliably observe the negative-transfer effect from fixed to random sequences. 

Yet, there were no significant differences in absolute error scores, and means even pointed 

towards less instead of more errors overall in the context of distractors (for absent error 

differences between distractor-/no-distractor-conditions, cf. Rowland & Shanks, 2006). Thus, 

my suggestion for future DILTs is to avoid distractor use. 

3.4.1.2 Overall test-length. 

For optimal overall test length in terms of the time when implicit learning emerges, 

accuracy gains did not differ by block, but were present on all three blocks. Thus, no 

recommendations can be derived. However, using at least 64 repetitions might be a safer 

approach with regard to the time required for the training on FEE-reinforcement to influence 

implicit learning gains.  

Another aspect related to overall test length were conspicuous performance 

disruptions (on a descriptive level) for accuracy and RTs between block 7 and 8 which were 

separated by a pause trial. Maybe participants were tired because of the continuous need to 

react to a large number of consecutive stimuli and could not regain their concentration after 

the break. A likelier explanation is that they perceived the simple task as lengthy and dull – 

being told that one was only halfway through the first task after 112 blocks with 13 or nine 

dot-presentations each might have disrupted test motivation for many participants. While this 
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lengthy task was necessary to examine possible block effects, I recommend, first, shortening 

overall test length at least to T2 and second, dropping the pause trial to avoid such 

disruptions. However, the unresolved question how long training intervals specifically for 

FEE-based instrumental condition procedures have to be convinced me not to further shorten 

the DILT in the other studies and use T2 as an orientation for test-length in Study 4. 

3.4.1.3 Color. 

Accuracy gains did not differ by sequence color, but an unexpected Color x Length 

interaction emerged, with yellow sequences producing higher gains than blue ones in the 

eight-element sequences, as well as a Color x Distractor interaction, with smaller gains for 

blue compared to yellow sequences in the no-distractor conditions and distractor conditions 

showing the reverse pattern of results. In addition, for RTs, yellow eight-element-sequences 

produced higher gains than blue ones.  

I hesitate to interpret these unpredicted interactions. Conclusions in terms of color-

effects on performance are inappropriate, even if there are findings indicative of the 

importance of colors (Elliot, Maier, Moller, Friedman, & Meinhardt, 2007): Color was 

confounded with properties of sequence construction, as the same sequence was always 

shown in the same color for all participants in the 12- or eight-element conditions, 

respectively. While I closely adhered to the construction principles in the methods section, 

factors like alternating hands or reversals also may influence the negative transfer effect 

(DeCoster & O’Mally, 2011).  Most likely, the results for color thus rather reflect effects of 

differing sequence difficulty. This may account for example for higher accuracy (and RT) 

gains on yellow than on blue eight-element sequences, indicative of more robust implicit 

learning for the former sequence. Perhaps the yellow eight-element-sequence was easier and 

thus more quickly and thoroughly learned, enlarging the observed gains. That results were 
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specific to the eight-element sequences which were of the same colors but constructed 

differently than the 12-element-sequences, supports this view. 

3.4.1.4 Explicit learning measures. 

Looking at the awareness tests, overall it seems that explicit sequence awareness had 

no substantial or systematic influences on the phase-effect or implicit learning gains. Length 

or distractor use did not predict differences in awareness for whole sequences or for sequence 

fragments, only Reproduction scores were higher in 12- than in eight-element-sequences. 

None of the three awareness tests interacted with phase.  

On the Recognition test, there was evidence of explicit learning, for whole sequences 

as well as for fragments: Recognition scores for real exceeded those for fake elements, 

respectively. Yet, my results were largely unaffected by this assessment of explicit learning: 

For whole sequence and fragment awareness there were no systematic or robust pursuable 

moderation effects on my results. While no decisions as to DILT-version or test-length can be 

derived from Recognition scores, as they were unaffected by experimental manipulations, 

results are not endangered by possible explicit learning of this kind anyway.  

For Reproduction no moderation effect on my results but a five-way-interaction 

beyond interpretability for the RTs emerged. Thus, there was no systematic or robust 

influence of explicit learning as assessed by this task. But as Reproduction scores differed by 

sequence length, with higher scores for 12- than for eight-element-sequences, I reintroduced a 

counting task as dual-task environment into all sub-studies to make explicit sequence learning 

harder to achieve. However, parallel explicit learning in terms of different memory systems 

(e.g., P. J. Reber et al., 1996; P. J. Reber & Squire, 1998) alone that does not systematically 

influence main analyses does not endanger the validity of implicit learning results and thus 

constitutes no reason not to use the 12-element-DILT in the other sub-studies.  
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3.4.1.5 Decision on a DILT to be used in the other studies.  

In sum, keeping the DILT with 12-element sequences and without visual distractor 

stimuli appearing simultaneously to the target used in previous research (Schultheiss, Pang, et 

al., 2005) is advisable: Using simultaneous distractor stimuli deteriorates accuracy gains and 

eight-element-DILTs provided no faster emerging accuracy gains while containing less 

learnable SOCs. For the decision-relevant awareness test, whole sequence Recognition, there 

were no differences based on DILT-properties, neither for whole sequences nor for 

fragments. I thus believe that large parts of the established DILT can be adapted “as is” for 

the study of instrumental conditioning in the other sub-studies. 

3.4.2 Limitations. 

With respect to my ultimate goal focused on motives and learning, what I cannot tell 

from merely testing implicit learning gains is how much time is needed for stable 

instrumental conditioning effects induced through FEE-reinforcement to appear. Therefore, 

Study 1 was only the first step at optimizing the DILT. 

3.4.3 Future research. 

Overall test length effects on the FEE-reinforcement aspect of the DILT when 

motives are included in the design are an unresolved issue. Future studies could for example 

use two training blocks of equal length like T1 and T2, respectively, to determine when there 

is sufficient training on the reinforcement contingencies for FEE-effects to appear. 

In addition, given the failure of my distractor-manipulation at inducing higher error 

scores or higher accuracy gains, reintroducing a counting task as dual-task environment is 

recommended. To avoid headphone usage, future studies could try a visual task in the style of 

a symbol-counting task (cf. Jiménez & Méndez, 1999; Shanks, Rowland, & Ranger, 2005). 
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3.4.4 Conclusion. 

In sum, Study 1 yielded a robust demonstration of implicit learning regarding the 

accuracy criterion. Results favor the 12-element-condition without distractors and thus I will 

use this version in the remaining sub-studies. 

4. Bridge I – A first test of n Power´s effect on implicit instrumental conditioning 

effects using the DILT 

Study 1 described some critical DILT-features, contrasted variations of different 

DILT-parameters and tried to provide an optimal paradigm for the main research questions. 

The remaining sub-studies all touch the core aspect of this thesis: Detecting implicit motives´ 

effects on implicit instrumental conditioning processes. The next chapter describes two 

studies conducted at the University of Michigan, Ann Arbor. Adding to my systematic 

approach, their methodical features were similar in both cases, but the FEE used for 

reinforcement was joy in Study 2 and anger in Study 3. These studies tested the disincentive 

characteristics for n Power of FEEs both high on the MFT-dominance axis that differed on 

the affiliation-dimension (Stanton et al., 2010) and in general valence, which is positive for 

joy and negative for anger (cf. Rösch et al., 2013). Should the hypothesized effects emerge 

regardless of valence, this would constitute strong evidence for shaping-effects of n Power on 

everyday learning processes. These effects would also diverge from general social learning 

effects one would expect based on FEE-valence alone, as for example joy (or laughter) 

normally acts as reward for desirable social behavior (Keltner & Haidt, 1999). 

In Study 2, where joy FEEs are used, disincentive-effects of this emotion for n Power 

might be attenuated because of positive incentive characteristics of smiles for n Affiliation 

that are to be expected based on MFT and perhaps generally positive instrumental 

conditioning effects of smiles in social learning. Nevertheless, Study 2 is a good starting 

point for investigating the main hypothesis, because it is particularly apt to illuminate how 
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complex the interplay of motives and other factors like for example AI is in everyday social 

interactions. Study 3 more directly tests disincentive-effects of n Power, because anger 

should be aversive in the context of a high n Affiliation, the other social motive, too. Its 

nearly identical design and procedure will pose an ideal background for determining possible 

differences in results for two dominant, yet differently valenced, FEEs 

5. Study 2 and 3: Scaling effects of motives on implicit learning I – A first test of 

implicit motives` effects on implicit instrumental conditioning using two highly 

dominant facial expressions of emotion 

5.1 Overview 

In this chapter, two studies conducted at the University of Michigan, Ann Arbor, are 

described together because of their largely identical design. While Study 1 focused on 

implicit learning and possible parallel explicit learning, Study 2 and 3 for the first time used 

the DILT as an actual instrumental conditioning paradigm, presenting FEEs contingent on 

performance. Thus, Study 2 and 3 try to detect truly instrumental conditioning effects of 

implicit motives, using a clearly positive emotion, i.e. joy, and anger, a clearly negative 

emotion (cf. Rösch et al., 2013, for the valence distinctions), as FEE-reinforcers, respectively. 

Returning to the reasoning in the introduction, two FEEs featured in the MFT 

circumplex were used. I picked the ones on the high end of the dominance scale and thus the 

ones most relevant to n Power: joy (Study 2) and anger (Study 3). In both cases, the neutral 

contrast to the emotional display used was a neutral expression, forming the midpoint in MFT 

where the dominance and the affiliation axis intersect. This was the best possible anchor in 

MFT, even if neutral expressions might be aversive to some high-power individuals, as they 

signal no impact on the sender on part of the perceiver (Stanton et al., 2010). 
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5.1.1 Considerations regarding the usage of joy expressions in Study 2.  

Joy should have a somewhat positive quality to humans because of the social meaning 

it confers (cf. Keltner & Haidt, 1999). Based on MFT, relevance of joy FEEs versus neutral 

FEEs can be assumed for n Power as well as for n Affiliation. The FEE-pattern associated 

with joy, a smile (cf. Stanton et al., 2010), is not restricted to this emotion, but can also be 

interpreted as an affiliative or a dominant cue (Niedenthal, Mermillod, Maringer, & Hess, 

2010), and perceivers judge joy expressions as simultaneously highly dominant and affiliative 

(Hess et al., 2000; Knutson, 1996). Thus, joy may carry different meanings for people high in 

n Affiliation versus those high in n Power (Stanton et al., 2010), as it is highly affiliative and 

possibly reinforcing for the former group, but also highly dominant and therefore a 

disincentive for the latter group. Given those different connotations, Study 2, while focusing 

primarily on n Power, also reports data on n Affiliation to provide a complete picture. Should 

I find a negative effect of n Power based on the disincentive character of joy for high-power 

individuals in spite of the general social meaning conferred by joy, this would constitute 

strong support for implicit motives´ ability to shape instrumental conditioning processes. 

Another issue is a possible influence of IPM (described above), high AI in the context 

of high n Power. Joy may be especially apt to test differentiating effects of an IPM: If IPM-

individuals really show more socially adaptive reactions to FEEs and even decreased arousal 

when confronted with happy faces (Rösch et al., 2013), they should exhibit implicit learning 

gains instead of losses in the context of joy FEEs. This reinforcement of instrumental 

behavior pleasing their interaction partners should be more likely to further success in 

modern society (cf. Schultheiss & Brunstein, 2002). Conversely, for individuals high in n 

Power and low in AI who may lack the more socially adaptive reactions to FEEs of IPM-

individuals, joy faces should act as outright disincentives and inhibit implicit learning.  
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5.1.2 Considerations regarding the usage of anger expressions in Study 3.   

Anger should be generally aversive to humans because of its negative valence (cf. 

Rösch et al., 2013). Also, anger should be aversive to people high in n Power and n 

Affiliation alike, as it is judged as highly dominant and low in affiliation (Hess et al., 2000; 

Knutson, 1996), and because MFT places it high on the dominance as well as low on the 

affiliation axis. Especially for high-power individuals, the fact that the sender of an anger 

FEE not only issues a threat, but also claims dominance in an interaction, should be highly 

aversive and may announce an impending dominance challenge (Stanton et al., 2010). 

Because of anger´s relevance to n Affiliation, I also consider this motive in the 

explorative analyses of Study 3. However, because I contrast anger and neutral faces, n 

Affiliation may have a different effect than n Power, because a neutral display may signal 

emotional withdrawal which could even be more aversive than anger, which signals that the 

interaction partner is still emotionally somewhat engaged (Schultheiss, Pang, et al., 2005). 

For IPM, a negative influence of anger FEEs should be equally, perhaps even more 

pronounced as for other high-power individuals: Repeated anger-feedback to one´s 

instrumental actions should signal a threat to one´s dominance goals and IPM-individuals 

should rather be prone to positive, successful interactions (Rösch et al., 2013). Also, for n 

Power in general, a neutral display as a contrast to anger may in itself be a slight disincentive 

signaling no emotional impact on the sender (Stanton et al., 2010), reducing the observed 

effect – however, this should not hold for IPM with its socially adaptive tendency that should 

make the difference between a neutral face and outright anger more pronounced. 

5.1.3 Interpretability of the speed variable 

For testing my predictions in Studies 2 to 4, I focus on instrumental conditioning 

effects for accuracy because of the theoretical reasons and previous empirical findings 

presented above. In addition, very likely different mechanisms apply to RTs compared to 



88 
 

accuracy, given that spatial (accuracy) and motor (speed) sequence learning are subserved by 

different brain circuits, respectively (Hikosaka et al., 2002). The methodical consequence 

from these deliberations prohibits far-reaching conclusions related to speed from the start: 

Studies 2 to 4 placed the reinforcement contingencies on the accuracy criterion. The 

reinforcers presented to the participants were chosen based on correct key presses, not on the 

speed of those key presses. Thus, differential changes in speed scores cannot be properly 

attributed to implicit instrumental conditioning processes, as the underlying reinforcement 

contingency was incompatible and did not have any relationship to RTs or RT changes.  

All my main analyses and associated explicit learning checks are thus concerned with 

accuracy. However, I use speed scores in some additional analyses for illustrating general 

implicit learning effects regardless of instrumental conditioning. Also, in sequential learning 

a shift from the dominance of a system acquiring spatial to a system acquiring motor 

coordinates from the early to the late stage of learning seems to exist (Hikosaka et al., 1999; 

cf. Hikosaka et al., 2002). Thus results obtained for accuracy may be capable of influencing 

sequence execution speed, too: Having learned to execute a sequence accurately should 

ultimately enable faster performance on it. However, such accuracy-dependent speed effects 

should manifest themselves in form of the speed effects being mediated by corresponding 

accuracy effects. Thus, when obtaining an instrumental conditioning result for the accuracy 

gain difference between two differently reinforced sequences, I will check if a parallel result 

emerges for speed, and if so, if this result is mediated by the accuracy gain difference. 

5.1.4 Overview of Study 2 and 3. 

Building on earlier encouraging results (Schultheiss, Pang, et al., 2005; Schultheiss & 

Rohde, 2002; Schultheiss, Wirth, et al., 2005), Study 2 and 3 investigate motives` effects on 

instrumental conditioning using the DILT (Schultheiss, Pang, et al., 2005), reinforcers pre-

tested for accurate FEE-recognition by untrained individuals taken from the NimStim-pool 



89 
 

(Tottenham et al., 2009), and the PSE (McClelland et al., 1989), an implicit motive measure 

that has demonstrated its validity countless times (see above). In doing so, I follow the call of 

Schultheiss, Pang, et al. (2005) to resolve ambiguity as to the type of conditioning on which 

effects are based by making FEE-feedback contingent on actual performance. Both studies 

share the prediction that the hypothesis-relevant effects will not be influenced systematically 

by possible simultaneous explicit learning, as assessed by sequence Reproduction and 

Recognition. However, there are predictions unique to either Study 2 or 3: 

5.1.4.1 Predictions unique to Study 2.  

Because of joy´s social meaning, there might be a generally positive reward effect of 

smiles leading to a relative implicit learning accuracy advantage of the smile-FEEs compared 

to the neutral FEEs as reinforcers for correct sequence execution regardless of participants´ 

motive configuration. However, based on MFT, joy is a highly dominant expression and a 

disincentive to power-motivated individuals. I predict that people high in n Power will show 

hampered implicit learning accuracy gains (Hypothesis 2.1) on sequences whose correct 

execution was reinforced by joy-FEEs compared to sequences whose correct execution led to 

presentation of a neutral expression. This effect will not emerge for persons low in n Power.  

As an IPM leads to more socially accepted and adaptive expression of n Power 

(Rösch et al., 2013), high AI may weaken, or even turn around, the negative effect of n Power 

alone in the context of smiles (Hypothesis 2.2). Analyses include sender and participant 

gender, because of possibly different social meanings conferred by same-sex or opposite-sex 

FEEs (see introduction) which might influence results in Study 2: While same sex joy may be 

the predicted dominance challenge, opposite-sex joy may at least not be negative.  

Given the high relevance of joy to n Affiliation in MFT, I also predicted better 

implicit sequence learning accuracy gains for people high compared to people low in n 

Affiliation, on sequences whose correct execution was reinforced by this emotion compared 
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to sequences whose correct execution led to presentation of a neutral expression. As neutral 

faces may represent emotional withdrawal and thus may be aversive to affiliation-motivated 

individuals, they may even exert a simultaneous hampering effect on implicit learning.  

5.1.4.2 Predictions unique to Study 3.  

The negative valence of anger might cause a general relative implicit learning 

accuracy disadvantage of the anger FEEs compared to the neutral FEEs as reinforcers for 

correct sequence execution regardless of participants´ motive configuration. Also, in MFT, 

anger is a highly dominant FEE and a disincentive to power-motivated individuals. My main 

prediction is that people high in n Power will show hampered implicit learning accuracy 

gains (Hypothesis 3.1) on sequences whose correct execution was reinforced by this emotion 

compared to sequences whose correct execution led to presentation of a neutral expression. 

This effect will be weaker for persons low in n Power.  

AI enters my analyses, as the socially more adaptive expression of n Power caused by 

IPM might further strengthen the negative effects of anger (Hypothesis 3.2). Analyses include 

sender and participant gender, because of possibly different social meanings conferred by 

same-sex or opposite-sex FEEs which might influence the effects observed in Study 3: If 

dominance hierarchies are really more important within-gender, same-sex anger should pose 

an even stronger dominance incentive than opposite-sex anger (cf. Stanton et al., 2010), 

further strengthening the negative effects of anger.  

Given anger´s relevance as a n Affiliation disincentive in MFT, I also predicted 

hampered implicit learning accuracy gains for people high, as compared to those low, in n 

Affiliation, on sequences whose correct execution was reinforced by this emotion compared 

to sequences whose correct execution led to presentation of a neutral expression. However, 

gender may be important here as male anger faces presented for 209 ms were found to 

produce less aversive conditioning effects than male neutral faces (at least for speed; 
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Schultheiss, Pang, et al., 2005). Maybe the emotional withdrawal possibly conferred by 

neutral faces might be even more aversive for affiliation-motivated individuals and also exert 

a hampering effect on implicit learning compared to anger which would reverse the pattern 

for a n Affiliation effect. Which direction the effect takes will be determined exploratively.  

5.2 Method 

5.2.1 Participants. 

In both studies, participants were students of various majors at the University of 

Michigan, Ann Arbor, who were recruited for a study on “Attention and performance” and 

paid 20$ for their participation. With regard to non-native speakers of English in both final 

samples, their ability to properly work on the language-based PSE was considered present 

because of their ability to adhere to instructions throughout the test and because they met two 

inclusion criteria based on the PSE itself introduced below. 

In Studies 2, 3, and 4, there were additional exclusion criteria to those in Study 1 

(overall DILT accuracy and color vision) based on the PSE. Cases in which PSE length did 

not exceed an average of 30 words per story when looking at overall word count were 

deleted, as Walker and Atkinson (1958) found that stories below 30 words are not scorable 

(cf. Smith, 1992), and given four minutes of writing time and comprehensive guiding 

questions, such short stories may be indicative of lack of cooperation, a reason to drop 

participants (Smith, 1992). This meant excluding participants with an eight-picture-PSE 

length at or below 240 words in Study 2 and 3 and with a six-picture-PSE length at or below 

180 words in Study 4. Also, I treated the PSE as a behavioral if-then-contingency-measure 

with the pictures regarded as situational contexts and the variability between them as an 

important source of the PSE´s validity (Schultheiss & Schultheiss, 2014). Thus, I did not use 

cases where one or more picture-situation was missing and data may have been unusable (cf. 

Smith, 1992). This was achieved by excluding cases where one or more of the stories had a 
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word count of one or zero. I also excluded a word count of one, because one word is not an 

imaginative story (and thus indicates that the participant may have been uncooperative on this 

specific picture, a reason to drop the respective data, cf. Smith, 1992), and pressing a random 

key during the time to write a story could otherwise have resulted in erroneously including 

cases where no meaningful content was present in response to the respective picture. 

5.2.1.1 Study 2: Participants. 

In Study 2 (name on HuMAN-Lab server: DILTnew) initially 134 subjects were 

tested. Due to problems in matching data sets and participant ID, eight participants were 

excluded. Among the remaining 126 participants, five reported impaired color vision and for 

seven participants this information was missing. The respective cases were excluded. PSE 

data was missing for seven of the remaining participants and one participant had not 

completed all PSE-stories (word count of one for one picture). All remaining cases exceeded 

240 words on the PSE. On the DILT, all cases had potential for learning, as no one got all 

relevant trials right (maximum = 11.90). However, I also applied the 12%-criterion by 

Schultheiss, Pang et al. (2005) who had found in a pilot-study that FEEs do no longer 

influence DILT-based learning if an error rate of 12% of the overall responses is exceeded. 

Thus, 19 participants exceeding the 12%-criterion of overall errors (i.e. at least 10.56 correct 

key presses on average for 12-element-sequences) were excluded, leaving a net of 87 

participants with analyzable data and acceptable overall DILT-performance (M = 11.27, SD 

= 0.32) and PSE- length (total word-count; M = 965.82 words, SD = 267.15).  

The final sample featured 45 females and 42 males. Participants` age range was 18 to 

28 with a mean of 20.31 years (SD = 1.97). Twenty participants were Asian American, five 

African American, 57 Caucasian and five belonged to other ethnicities. Participants were 

roughly evenly distributed between experimental conditions, with the four possible 

combinations of color-face-contingency and sender gender featuring between 19 and 24 
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participants each. Native language was English for 74 participants, for four Korean, for 

Chinese two, as well as another native language for seven participants.  

5.2.1.2 Study 3: Participants. 

In Study 3 (name on HuMAN-Lab server: DILT3) initially 97 participants were 

tested. Due to problems in matching data and participant ID, three participants were 

excluded. Among the remaining 94 participants, two reported impaired color vision and for 

one participant this information was missing, PSE data was missing for one participant and 

four participants had not completed all stories. The respective cases were excluded. All 

remaining cases exceeded 240 words on the PSE, but DILT-data was missing for five 

participants. All remaining cases had potential for learning, as no one got all relevant trials 

right (maximum = 11.92), but 17 participants exceeded the 12%-criterion of overall errors in 

the DILT, leaving a net sample of 64 participants with analyzable data and an acceptable 

overall DILT-performance (M = 11.35, SD = 0.30) and PSE- length (total word-count; M = 

967.61 words, SD = 274.93).  

The final sample featured 42 females and 22 males. Participants` age range was 18 to 

34 with a mean of 21.87 years (SD = 3.22; one case with an obviously incorrectly reported 

age of “2” excluded). Seven participants were Asian American, ten African American, 42 

Caucasian and five belonged to other ethnicities. Participants were roughly evenly distributed 

between experimental conditions, with the four combinations of color-face-contingency and 

sender gender featuring between 15 and 17 participants each. Native language was English 

for 57 participants, Spanish and Chinese for two each, as well as another native language for 

three participants. 

Further a-priori exclusions of for example outliers were not justified on theoretical 

grounds in Studies 2 and 3, as all cases contained valid data after my selection procedures. 

However, in case of whole-sample-outliers in the analyses below, I report how they affected 
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results. Also, due to the high number of DILT-based exclusions in Study 2 and 3, I check 

how my main results with accuracy gain differences as dependent variable change when 

including lower overall accuracy scores in the additional analyses. As the 12%-cut-off 

(Schultheiss, Pang, et al., 2005) is the only published reference frame for DILT-performance 

I know of and using inclusion criteria of differing strictness from study to study would have 

resulted in the criticism of bending a-priori-deliberations to achieve more impressive results, 

I kept this criterion constant in Study 2 to 4. However, main analyses were repeated with less 

strict criteria in every study to determine how robust the observed effects were. 

5.2.2 Design. 

The designs of Study 2 and 3 were analogous, except that the FEE used was joy in 

Study 2 and anger in Study 3. While both FEEs were considered “punishment” in the context 

of a high n power, for reasons of comparability with Study 4 I nevertheless label correct 

performance followed by the respective FEE as C
+
 to denote that an emotion instead of a 

neutral face (C
-
) was presented. Study 2 and 3 had a 2 (reinforcement-contingency: 

C
+
/Emotion for correct performance & no reinforcement/neutral face for errors vs. C

-

/Emotion for errors & no reinforcement/neutral face for correct performance) x 2 (sender-

gender: female vs. male) x 2 (perceiver-gender: female vs. male) design. Reinforcement 

contingency was varied within-subjects by means of consistently associating the blue or 

yellow sequence with either C
+
 or C

-
 and using the reversed contingency for the other 

sequence, respectively. Specific sequence
10

 was a balance-factor varied between-subjects by 

placing C+ on the blue and C- on the yellow sequence for one half of the participants and 

reversing this contingency for the other half to eliminate interfering effects of sequence 

difficulty (cf. Schultheiss, Pang, et al., 2005, for a related approach to counter-balancing 

                                                           
10

 “Specific sequence” replaces “color” as a variable name in the remainder of this thesis, as color was always 

confounded with properties of the specific sequence´s construction which may be responsible for possible 

“color-effects” (see Study 1). To check for sequence difficulty effects, this variable is used in the initial analyses 

when documenting implicit learning only. Color itself was only relevant as a discriminative stimulus indicating 

sequence type (i.e. performance-FEE-contingencies) and was counterbalanced across participants anyway. 
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sequence and stimulus-type). The other two factors were varied between-subjects, sender-

gender by using a female or male picture set as reinforcers and perceiver-gender was varied 

artificially by placing participants of each gender in each experimental condition. Taking the 

balance-factor into consideration, there were four versions of the experiment - male set/blue-

C
+
, male set/yellow-C

+
, female set/blue-C

+
 and female set/yellow-C

+
. The main continuous 

between-subjects variables were participants´ n Power and AI scores. Additional analyses 

also considered n Affiliation as a continuous between-subjects variable. Again, the dependent 

variable was accuracy, assessed as average number of wrong key presses (errors) per 

sequence, later log-transformed to improve conformity to a normal-distribution. To derive an 

accuracy gain score to test my hypotheses, error scores for fixed sequences were subtracted 

from those on random sequences. Speed, measured as average RTs in milliseconds until a 

response was made, was also assessed as a dependent variable but not critical to hypothesis 

testing, as the actual reinforcement contingency was based on accuracy, not on speed. 

5.2.3 Apparatus. 

The relevant tasks were run in Inquisit 2.0.61004 during testing sessions except for 

the contingency awareness test and the demographics for which Medialab v2006 was used. 

Testing was carried out with Dell Pentium PCs and standard keyboards and mice as input 

devices, except for the DILT and Reproduction where Cedrus response boxes like those in 

Study 1 were used with buttons numbered “1” to “4” from left to right (for the index finger 

and middle finger of both hands for one position each) to record participants´ responses. 

Color monitors had 14 inch and were of cathode-ray type with 86.6 Hz vertical retrace. Each 

individual was seated in a separate compartment. 

5.2.4 Procedure. 

In both studies, participants were tested in groups of up to six persons. After entering 

the lab and giving informed consent, participants started with the PSE, followed by some 
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tests unrelated to my predictions. Then they worked on the DILT, and the checks for explicit 

learning (Open Question, Reproduction, Recognition). To assess if participants were able to 

discriminate between the FEEs in the DILT, a forced-choice face discrimination task was 

used, and a contingency awareness test checked for explicit awareness for the contingencies 

between dot movements, colors and faces. Finally, a performance test of color vision was 

implemented
11

. After another task unrelated to my predictions, demographic data was 

collected, including a question on color vision (Do you have normal color vision (i.e., “Can 

you tell apart the colors red, blue, green, and yellow)?”; response alternatives: “Yes”, “No”), 

followed by another unrelated task. The experiment lasted approximately 120 minutes. 

Participants were debriefed at the end of the experiment and paid 20$ for participation. The 

procedure of Study 3 was identical to Study 2, except where otherwise indicated below. 

5.2.4.1 Implicit motives. 

The eight-picture-PSE of Schultheiss, Liening, and Schad (2008) was used for 

implicit motive assessment. Pictures (for picture source and stimulus properties see 

Schultheiss & Pang, 2007) used were also featured in previous research (e.g. Schultheiss, 

Yankova, Dirlikov, & Schad, 2009): Bicycle Race, Boxer, Couple by River, Girlfriends in 

Café with Male Approaching, Nightclub Scene, Ship Captain, Trapeze Artists, and Women in 

Laboratory. Participants were asked to write an imaginative story in response to each picture 

according to standard instructions (Schultheiss & Pang, 2007; computer administration 

                                                           
11

 This task and is not detailed in the following, as I considered the demographic item on impaired color vision 

sufficient for exclusion decisions based on this criterion. The performance test assessed participants` ability to 

discriminate between blue and yellow. Participants were asked to indicate the color of dots and bars like those 

on the DILT by pressing “b” for blue and “y” for yellow items on ten trials, leading to possible scores ranging 

from zero to ten correct responses. Trustable inferential comparisons of participants with and without self-

reported color blindness on this task for validating the demographic question were impossible, as the former 

group included very few subjects (see particpants-section) in both studies, respectively, in the overall sample 

before exclusions were made. However, in the initial samples, the scores of participants with self-reported 

impaired color vision seemed slightly lower (Study 2: M = 8.80, SD = 2.68; Study 3: M = 9.00, SD = 1.41) than 

those of participants without self-reported impaired color vision (Study 2: M = 9.47, SD = 1.17; Study 3: M = 

9.41, SD = 1.10) on adescriptive level. Impaired color vision as assessed in this task did not moderate any main 

model or n Affiliation result in both studies (ps > .10) after excluding participants self-reporting impaired color 

vision. The performance test of color vision was therefore omitted in Study 4. 
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version), except that four instead of five minutes for each story were announced and 

participants entered their response in an on-screen window. Pictures (height between 14.53 

and 16.48 cm, width between 12.25 and 23.81 cm, depending on picture format) were 

presented in random order, each being shown for ten seconds and then replaced by a screen 

were participants could type their stories. On the top of this screen, standard guiding 

questions intended to aid in writing the stories (Schultheiss & Pang, 2007) were displayed. 

After three minutes, participants were told that one minute remained and that they could 

move on to the next picture by pressing ctrl+enter upon finishing their story. Twenty seconds 

before time elapsed, participants were warned and told to prepare for the next picture. After 

four minutes, they were informed that time was up and prompted to press ctrl+enter.  

Winter´s (1994) Manual for Scoring Motives in Running Text was used to score PSEs 

in Studies 2 to 4. In Studies 2 and 3, scoring was done by a trained coder who had reached the 

quality criterion of 85% interrater reliability on calibration material prescored by an expert. 

According to Winter (1994), n Affiliation is scored when a concern to establish, maintain or 

restore friendly relationships is expressed in a story. He lists four subcategories of this need: 

Expressing friendly or intimate feelings towards others (aff1), negative feelings like sadness 

if an affiliative relationship is separated or disrupted or a wish to restore such relationships is 

mentioned (aff2), affiliative activities (aff3) and friendly nurturant acts like helping (aff4). N 

Power is scored when someone expresses a concern for influence or impact on or control 

over others or the world at large. The respective subcategories according to Winter (1994) are 

strong, forceful actions which exert impact on others (pow1), controlling others (pow2), 

trying to influence or persuade others or to prove something, as well as arguing (pow3), 

providing unrequested help or advice (pow4), mentioning prestige or reputation or impressing 

others (pow5), and strong emotional reactions in others elicited through intentional actions of 

a person, group or person-like entity (pow6). N Achievement was coded in Studies 2 to 4 as 
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well, but as analyses were restricted to n Affiliation and n Power I do not detail the respective 

scoring modalities here (for illustrative examples of the subcategories for all three motives, 

see Table 1 in Schultheiss, Yankova, et al., 2009). PSE word count and AI were determined 

using MATLAB utility. As stated above, AI was determined by counting the word “not”. 

Data transformations on PSE data are described in the results section. 

5.2.4.2 DILT. 

The DILT was identical to the one with 12-element-sequences and without distractors 

in Study 1, except where otherwise stated. This time, FEEs were used as reinforcers at 

sequence ends. The random trial before each sequence was kept, resulting in presentational 

units of 13 trials. Background and sequence colors, programming specifications and screen-

width-defined positions of dots and dashes were identical to Study 1 (but adapted to a screen 

size of 14 inch). The inter-stimulus interval was 200 ms. FEEs were placed after the end of 

each presentational unit in the middle of the inter-stimulus interval
12

.  

Instructions and practice trials. Instructions and practice trials were equivalent to 

those for the 12-element-condition without distractors in Study 1, except where otherwise 

stated. Participants were additionally told that at the end of a sequence a stimulus would 

appear based on their performance. Even if the stimulus actually was presented based on 

participants accuracy alone, they were told that the stimulus depended on both speed and 

accuracy to avoid concentration on the accuracy criterion alone, creating super-slow RTs and 

meaningless accuracy scores. Participants were also instructed to put on their headphones and 

to keep counting a beeping noise occurring at random times during the task and informed that 

they would be periodically asked how much beeps they had heard up to that point. 

                                                           
12

 Due to programming requirements associated with random selection of sequence elements imposed by the 

Inquisit software, for random sequences this specific interval between two presentational units was slightly 

longer (200 ms pause – FEE – 200 ms pause) than for the regular fixed sequences (100 ms pause – FEE – 100 

ms pause). This should not have interfered with FEE-reinforcement, as all random sequences were followed by 

mask-presentations only and not by FEEs being selected contingent on participants` performance.  
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In the practice block, participants were told that they would receive feedback 

regarding their response accuracy, but no FEE-Feedback yet. Practice trials again consisted of 

13 blue and 13 yellow dot-presentations, but according to an alternative random-sequence-

method specified below. There was no time limit, only if participants pressed the wrong key 

the corresponding trial was followed by the message “WRONG KEY!” displayed below the 

dashes for 500 ms. Apart from this, practice trials were identical to the ones used in the 

respective condition of Study 1. After practice trials, participants were informed that the 

actual task was about to begin and that they would no longer receive feedback. However, 

they were told that the other form of feedback, a stimulus presented at the end of each series 

selected based on speed and accuracy performance would now begin. The instruction to work 

as fast and as accurate as possible was repeated as well as the request keep track of the beep 

as well as possible, as there would be periodical questions regarding the number of beeps. 

Participants were asked to call the experimenter if they had any questions. 

Block structure. DILT-structure was different from Study 1, because FEEs were used 

as reinforcers for instrumental learning. One block during baseline or training sections 

consisted of 24 sequences, 12 blue and 12 yellow, while the test block and the random block 

were both structured like the blocks used in Study 1, each consisting of 16 sequences, eight 

blue and eight yellow. Blue and yellow sequences were presented in random order according 

to the method in Study 1. In an initial baseline section
13

 at the beginning of the DILT, the 

fixed sequences were always followed by the mask, irrespective of performance (FS). In the 

                                                           
13

 I originally intended to control for baseline performance in the main analyses of all studies involving FEE-

reinforcement. However, a baseline section does not yield an indicator of implicit learning, as raw performance 

data instead of learning gains are obtained. This may rather be indicative of ability on the key pressing task per 

se. As determining the negative transfer effect at the end of the DILT involves comparing fixed test sequences 

with random sequences anyway, which are both equally influenced by factors like general familiarity with or 

ability on the key pressing task per se, such factors should not influence the learning gains observed between 

them. In fact, controlling all effects obtained from the main model in Study 2 and 3 for the log-transformed error 

scores on the baseline section never changed the associated p-levels substantially (Δps rounded to two decimals 

between .00 and .01 in Study 2, Δps rounded to two decimals between .01 and .02 in Study 3). Baseline 

performance does not seem relevant to the instrumental conditioning approach in this thesis. Thus, I decided to 

drop the baseline section in Study 4 to shorten the DILT and prevent participant fatigue or waning test 

motivation. 
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training section consisting of six blocks, fixed sequences were followed by the FEEs shown 

contingent on performance accuracy (FS-FEE). In the extinction section (cf. Schultheiss, 

Pang, et al., 2005), one test block was inserted which again featured the fixed sequences only 

followed by the mask, irrespective of performance (FS), followed by a final block, where the 

random sequences were only followed by the mask, too (RS). Thus, the following nine-block-

structure was used: 1 FS/ 6 FS-FEE/ 1 FS / 1 RS, with the latter two blocks being one third 

shorter than the other ones, or, expressed as number of times each sequence was presented, 

12 FS/ 72 FS-FEE/ 8 FS / 8 RS (for a similar structure in terms of baseline - training - 

extinction, see Schultheiss, Pang, et al., 2005). Thus, participants had worked on each of the 

two fixed sequences 84 times, including 72 times in the FEE-contingency training section, 

before the test block started, which was slightly more training than in the study by 

Schultheiss, Pang, et al. (2005; 63 times including 54 training presentations). Between block 

4 and 5, a break trial was inserted during which participants were asked how many beeps they 

had heard. Responses were made using the keyboard. Participants were told that they had 

completed a little more than the first half of the task and that they could relax their fingers 

and stretch their legs and then continue by pressing ctrl+ enter. After block 9, participants 

were again asked how many beeps they had heard and then informed that the task was over. 

Reinforcement contingencies. In the training blocks, FEEs were shown according to 

pre-defined reinforcement contingencies after the presentational units. Only if the correct key 

was pressed on all trials of a given sequence (excluding the random first trial of each 

presentational unit), the sequence was counted as correct and followed by the contingency for 

correct execution while one or more errors were followed by the contingency for inaccurate 

execution at sequence-end. There were four conditions, two containing FEE-pictures of male 

and two of female senders. In one condition for each gender, correct sequence execution was 

always followed by an emotion-FEE for the blue versus a neutral expression for the yellow 
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sequence (and errors by a neutral versus an emotion-expression, respectively), while it was 

the other way round for the other condition of the same gender respectively. 

FEE-stimuli. After the respective sequences either an emotional or a neutral 

expression was shown for 180 ms in the center of the screen, followed by the mask for 

additional 90 ms. On blocks followed by the mask only, a blackscreen was presented instead 

of a FEE, also followed by the mask. Pictures (height: 18.23 cm, width specific to respective 

poser´s physiognomy, face visible from cheekbone to cheekbone) for the joy FEEs (mouth 

open) in Study 2 were taken from the NimStim-pool (Tottenham et al., 2009; # 19, 17, 13, 12, 

10, 7 for the female set; # 45, 44, 43, 40, 36, 27 for the male set; the first two numbers for 

each set were from Asian, the following two from African-American, and the last two from 

Caucasian posers, respectively) as well as the respective neutral expressions (mouth closed) 

of the same sender. The mask (height: 19.34 cm, width: 14.23 cm) was composed of a slide 

with randomly mixed fragments of the neutral expressions of all posers. In Study 3, while the 

neutral FEE-stimuli remained the same, joy FEEs were replaced by anger FEEs (mouth open) 

displayed by the same senders. Picture slides were drawn randomly from their respective 

FEE-category-list, but not repeated until all other pictures from the respective list had been 

shown. (for similar picture sizes, cropping, mask, and other parameters, see Schultheiss, 

Pang, et al., 2005).  

Visuomotor sequences. Sequences and fragments used in the DILT and in Recognition 

are shown in Table 5.1. Considering sequence construction principles for a DILT with 12 

elements presented in Study 1, the blue sequence met criterion 1 (equal frequency of all 

possible screen positions), 2 (each possible first-order-transition featured only once if 

sequence is looped back on itself) and 3 (main sequences starting with different screen 

position), but there was one SOC-overlap with the yellow sequence, so criterion 4 was only 

met in its earlier version (Schultheiss, Pang, et al., 2005) allowing for one instead of no SOC-
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overlap between sequences. The yellow sequence met criterion 3 and the earlier version of 

criterion 4, too. Criterion 1 and 2 were not met here: Due to a programming error, screen 

position D was featured four times, position C only twice. This minimal deviation from 

criterion 1 in turn led to a slight deviation from criterion 2, with the first-order-transition DA 

occurring twice. If the sequence would have been looped back on itself, AD would have 

appeared twice, too, but this was of no practical importance, as there were random elements 

between two consecutive sequences anyway (criterion 2). 

For Recognition, criteria were less strict than in Study 1 as well. The blue sequence 

had two SOC-overlaps with the fake-blue sequence and two with the fake fragments, 

respectively, while the yellow sequence had four overlapping SOCs with the fake-yellow 

sequence and five with the fake fragments, respectively. 

 

Table 5.1  

Overview of sequences and sequence fragments used in the learning task and the recognition 

task in Study 2 and 3 

Fragment 1 2 3 

Blue BCAD BACD ABDC 

Yellow
a
 DBCD CBDA DABA 

Blue-fake ABCB DACD BADC 

Blue-fragments DACB  DCAB CDBA 

Yellow-fake DCBA CADB CDAB 

Yellow-fragments BDAB  ADAC ACDC 

Note. Blue- and Yellow-fragments are distractor fragments not displayed as coherent 

sequences during Recognition. Thus, sequence construction criteria did not apply to them. 
a
 Due to a programming error at Ann Arbor University, the ninth position of the yellow 

sequence (and the first position of the “real” yellow fragment 3) was D instead of the 

originally intended C in the DILT, but not in Recognition. 

 

Random sequences were created according to a method alternative to the one in Study 

1: The first trial before the 12-element-sequence was random, while the actual random 

sequence was divided into three blocks of four trials featuring each screen position exactly 

once with the order of the four positions randomized within those four trials, respectively. 
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Dual-task-environment. The dual-task-environment consisted of the instruction to 

keep track of the number of times the beeping noise administered over the headphones 

occurred. Participants were told that the beep would occur at random times. To convey a 

“random” impression, between the eigth and ninth element of each 12-element-sequence of 

each color, respectively, for fixed, random, and practice sequences, a 200-ms-trial was 

placed, either containing the beep or no beep, and then alternating between those two events. 

This also ensured that all participants heard around 100 beeps distributed over 200 sequences 

during the DILT. Participants were questioned after 96 sequences during the pause trial and 

again at the end of the DILT on how many beeps they had heard and entered their response 

using the keyboard. Like in Schultheiss, Pang, et al. (2005), this task was only intended to 

produce a constant dual-task environment to prevent explicit sequence awareness and thus 

was not used in any analysis (but see Study 4, for analyses regarding a visual counting task). 

5.2.4.3 Checks for explicit learning. 

The Open Question and Reproduction and the accompanying instructions were the 

English equivalents of the ones used in the 12-element-conditions in Study 1. This was also 

true for Recognition task, but here some changes were made: Whole sequences and sequence 

fragments from the DILT and fake sequences and fragments were specific to Study 2 and 3 

(see Table 5.1 for the sequences and fragments). As can be seen in Table 5.1, there were only 

two fake sequences and six fake fragments, or one fake sequence and three fake fragments for 

each color, respectively. This time, blue and yellow fake fragments were not identical to the 

respective whole fake sequence, respectively. This change was made to prevent participants 

from erroneously perceiving fake fragments as familiar real fragments simply because they 

had been exposed to them as part of the fake sequences in the preceding whole sequence 

recognition task.  
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5.2.4.4 Forced-choice face discrimination task. 

To assess if participants were able to discriminate between reinforcement-trials 

featuring emotional or neutral FEEs on an explicit level, a forced-choice test similar to the 

face discrimination task used by Schultheiss, Pang, et al. (2005) was used. Participants were 

informed that faces with neutral and with emotional expressions had flashed during the DILT, 

followed by a mask made up of face bits. Then participants were shown all pictures and the 

mask pertaining to their testing condition (i.e. the male or female FEE-stimuli, respectively) 

on a single screen and instructed to decide on each of the following trials if the FEE 

presented was neutral or emotional. First, a fixation-cross was shown in the center of the 

screen for 500 ms, followed by the neutral or emotional FEE displayed for 180ms (same size 

and duration as on the DILT) and then the mask shown for 690 ms (same size as on the 

DILT). Then a screen headed by the question “Which of the faces was shown before the 

mask?” appeared and the emotional and the neutral version of the respective face was shown 

in the left and the right half of the screen, respectively. Participants entered their response by 

clicking on the respective face with the mouse. There were 12 task-trials, six emotional and 

six neutral ones, mixed in random order. In Study 3, the joy FEEs used in Study 2 were 

replaced by the respective anger FEEs of the same sender. 

5.2.4.5 Contingency awareness test. 

The contingency awareness test closely resembled the one of Schultheiss, Pang, et al. 

(2005) using explicit questions on the contingencies associated with the DILT. However, I 

only detail the most important questions, as this task was run in Study 2 only and so no 

overarching pattern can be derived. Participants were informed that questions pertaining to 

faces would be asked, with the mask being irrelevant to those questions, and requested to 

make a best guess in case they had not become aware of the faces at all. Feedback was 

requested with regard to dot movements and colors, as well as the occurrence and relevance 
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of the faces. Participants were also informed that sometimes dot movements followed a 

predictable pattern. Response alternatives were selected with the corresponding keyboard 

numbers or clicking on the corresponding button with the mouse. 

Response alternatives to a general question on the occurrence and relevance of the 

faces, and the color of the dots, to the dot sequence(s) during the SRT ranged from assuming 

no relationships at all up to relationships between color, sequence and faces: 

1 = Dot color, sequence, and face appearance were unrelated to each other. Neither the 

sequences nor face appearance at the end of a sequence were predictable from color. Face 

appearance could not be predicted by sequence. 

2 = The type of dot sequence, but not the appearance of a face, could typically be predicted 

from the color. 

3 = The appearance of a face, but not the type of dot sequence, could typically be predicted 

from the color of the dots. 

4 = The appearance of a face could typically be predicted from the type of the preceding dot 

sequence, but not from the color of the dots. 

5 = Typically, a given dot color was associated with a particular type of dot sequence and 

with the presentation of a particular face. 

Then, participants were told that sometimes there may have been an association 

between dot colors and faces. Specific questions asked if blue or yellow sequence were 

typically “systematic” or “random”, respectively. Finally, participants were informed that 

face presentation (happy/neutral) on a blue and a yellow dot sequence actually was dependent 

on their key presses. Two final items asked directly for the contingency on the blue and the 

yellow sequence, respectively, using the response alternatives “How quickly I responded” and 

"How accurately I responded”. 
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The respective module was only used in Study 2, as like in the study by Schultheiss, 

Pang, et al. (2005), participants had no substantial systematic explicit awareness of the 

contingencies underlying the DILT.  

5.2.5 Statistical Analyses. 

While repeated-measures ANOVA was used for documenting implicit learning, 

hierarchical regression was used for testing my hypotheses. For all analyses, the statistic 

software SYSTAT 13 was used.  

5.3 Results 

I checked for scaling effects of n Power (and n Affiliation in the additional analyses) 

on instrumental conditioning differences between the neutral-reinforced, i.e. the sequence 

where correct execution was followed by a neutral and and errors by an emotion-FEE, and 

the emotion-reinforced sequence, where it was the other way round (or between the punished 

and the rewarded sequence in Study 4, respectively). To this end, I chose a two-step 

approach: First, I checked for evidence of implicit learning with a 2 (specific sequence: blue 

vs. yellow) x 2 (phase: fixed test-block vs. random sequence) model with accuracy (error 

scores) or speed (RTs) performance as dependent variables, respectively, using a repeated-

measures ANOVA. For later direct examination of the negative transfer effect, the difference 

between the random-sequence-block and the fixed sequences in the test block was used as 

basis for my dependent variables, thus eliminating the phase factor. Second, I used an 

aggregated model with the differences between accuracy gains (or between RT gains to check 

for speed results paralleling the ones for accuracy) on emotion- versus those on neutral-

reinforced sequences (or on rewarded versus punished sequences in Study 4, respectively) as 

dependent variables and the independent variables relevant to my hypotheses: participant 

gender (female vs. male), sender gender (female vs. male) as categorical and n Power (or n 
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Affiliation in the additional analyses, respectively) and AI as continuous between-subject 

predictors in a hierarchical regression. In Study 3, analyses were analogous to Study 2. 

5.3.1 Data transformations. 

Data transformations in Study 2 and 3 were similar to those in Study 1, with some 

additions due to the introduction of FEE-reinforcement and motive measurement. As soon as 

I decided on transforming dependent variables on the accuracy and/or RT criterion, for 

example due to deviation from normality, I correspondingly applied the same transformation 

to all remaining accuracy and/or RT variables of a given study to keep values of different 

colors, reinforcement contingencies or testing blocks (cf. Study 4) comparable. 

5.3.1.1 Accuracy/RT gain differences as main dependent variable. 

To detect motives` effects on instrumental conditioning, I computed accuracy gains 

by subtracting errors on the test block from those on the random-sequence-block separately 

for the emotion-reinforced sequence (i.e. correct sequence execution followed by a joy FEE 

for Study 2 or an anger FEE for Study 3, respectively; blue for male set/blue-C
+
 and female 

set/blue-C
+
, yellow for male set/yellow-C

+
 and female set/yellow-C

+
) and the neutral-

reinforced sequence (correct execution followed by a neutral expression; blue for male 

set/yellow-C
+
 and female set/yellow-C

+
, yellow for male set/blue-C

+
 and female set/blue-C

+
).  

My main dependent variables were accuracy gain differences computed by subtracting 

the gain on the neutral- from the gain on the emotion-reinforcced sequence. As for raw gains 

positive values already meant an advantage of fixed over random sequence, for the gain 

differences positive values indicated an instrumental conditioning advantage of emotion- 

compared to neutral-reinforced sequence while negative values meant that emotion-FEEs 

were inferior to the neutral faces. 

Scaling effects of implicit motives were then assessed by testing for the influence of n 

Power or n Affiliation on the accuracy gain differences. For testing possible speed results 
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paralleling the one for the accuracy, RT gains and RT gain differences were derived using the 

same procedures on RT scores instead of error scores. 

5.3.1.2 PSE-data transformations. 

Transformation of PSE-data followed a standard procedure identical for Studies 2 to 

4, so the procedural information in this section pertains to all three studies, except where 

otherwise stated. If a motive score was not normally distributed (p < .05) according to my 

standard method for testing normality in this thesis, a Shapiro-Wilk-test (Shapiro & Wilk, 

1965) aided by visual inspection of the variable (cf. Osborne, 2013), the respective score was 

corrected with square root transformation (Schultheiss & Pang, 2007). Motive scores 

significantly correlated with word count were residualized for the latter variable by regression 

and, finally, resulting scores were z-standardized (cf. Schultheiss, Yankova, et al., 2009). 

As I investigated the social motives, n Achievement was not used in any analysis. 

5.3.2 Study 2: Results. 

5.3.2.1 Data preparation. 

If transforming a variable was necessary, all inferential analyses on that variable were 

run for its transformed version throughout Study 2, even if for some variables descriptive 

statistics are given as untransformed scores for easier interpretability (see below). 

Because of deviations from normality, PSE-scores for n Power, n Affiliation and AI 

(Ws < 0.95, ps < .01) were subjected to a square root transformation (after adding +1 to the 

scores, see Osborne, 2013, for a justification), residualized for total word-count (see above 

for descriptive statistics) via regression because of significant correlations with it (ps < .001) 

and later z-standardized.  

Due to heavy deviation from normality on the accuracy criterion for correct trials per 

sequence on all DILT-main-blocks and for both specific sequences, respectively (Ws < 0.97, 

ps < .02), error scores were subjected to the same log-transformation for 12-element-
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sequences as in Study 1 to achieve a normal distribution. As deviations from normality also 

occurred for some of the main-blocks, especially as both specific sequences of the results-

defining test block were affected (both Ws < 0.97, ps < .03), I again transformed all RT-

scores according to the log-method in Study 1 to keep computations involving the blocks 

comparable. Again, I report untransformed means and standard deviations to ensure their 

comparability to earlier studies. 

A similar approach was chosen for the explicit learning tasks: Reproduction as well as 

the means for real and fake elements for Recognition, whole sequence and sequence 

fragments alike, deviated from normality (Ws < 0.96, all ps < .01) and were log-transformed 

to achieve a normal distribution, but untransformed scores are reported as descriptive 

statistics. I chose the same procedure for DILT-overall accuracy and age (both Ws < 0.96, all 

ps < .01). 

5.3.2.2 Descriptive statistics. 

Figure 5.1 plots percentage of correct trials and RTs for all testing blocks and already 

hints at implicit learning effects reflected in more correct trials and faster RTs on fixed 

sequences in the test block compared to the random-sequence-block. Figure 5.2 presents the 

blocks grouped as test sections according to their function (baseline, training, test and 

random) showing the average performance for each test section. Visual indications of implicit 

learning reemerge here if accuracy and speed criterion are viewed overall. Looking at the 

effects of reinforcement contingencies alone, there seem to be differences for accuracy 

between specific sequences: On the blue sequence, error scores on the test compared to 

random sequences are lower if correct performance is reinforced with a smile, but if a neutral 

face is used, the phase-difference vanishes. On the yellow sequence however, error scores are 

higher if reinforcement is done with a smile. No clear pattern can be derived from visual 

inspection alone.  
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Table 5.2 shows means, standard deviations and intercorrelations of all relevant 

variables assessed in Study 2. There was a positive relationship between Reproduction and 

overall RT gain, so the general implicit learning effect for speed criterion seems to be related 

to this form of explicit learning. The correlation between relative accuracy gain difference 

and RT gain difference between emotion-reinforced and neutral-reinforced sequence, 

respectively, perhaps because accuracy-dependent reinforcement and the differential 

accuracy gains associated with it may ultimately lead to faster or slower RTs, as the sequence 

that can be executed more accurately should at some point also be performed faster than the 

other sequence. Two explicit learning measures were positively inter-related, Reproduction 

and Fragment awareness. Finally there was a marginal gender difference for n Affiliation, 

favoring females (M = 8.16, SD = 3.20) over males (M = 6.62, SD = 1.90). 

 

 

Figure 5.1. Average percent of correct trials (left) and average response times in milliseconds 

(ms; right) per sequence (error bars depicted) for all testing blocks (Bl – Baseline, Tr – 

Training, Tt – Test, Rs – Random sequence) in Study 2.  
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Figure 5.2. Log-transformed error scores (left) and response times in milliseconds (ms; right) 

on fixed and random test sections for all main-blocks (Bl – Baseline, Tr – Training, Tt – Test, 

Rs – Random sequence) in Study 2 (higher values reflect more errors; standard errors are 

displayed), overall (top quarter), by experimental condition (next-to-top quarter), as well as 

for contingency-dependent variations in the blue (next-to-bottom quarter) and yellow 

sequence (bottom quarter), respectively.   
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Table 5.2 

Matrix with means, SDs and intercorrelations of all relevant variables assessed in study 2 

  M SD 1 2 3 4 5 6 7 8 9 10 11 12 

1. n Pow 5.47 2.72 1.00                     

2. n Aff 7.41 2.75 .00 1.00                    

3. AI 8.75 5.14 -.01 -.13 1.00                  

4. DILT-Perf. 11.27 0.32 -.07 -.07 .05 1.00                

5. ∆Acc 0.08 0.23 .13 .00 -.03 .07 1.00              

6. ∆RT  21.68 32.35 -.14 .08 -.17 -.19# .09 1.00            

7. Accdiff 0.04 0.34 -.04 -.12 .04 .11 -.18# .13 1.00          

8. RTdiff 7.31 42.04 -.10 .00 .12 -.01 -.01 -.06 .38** 1.00        

9. Repro 0.20 0.10 -.05 -.06 .01 .09 .07 .41** .11 -.13 1.00      

10. Reco (Seq.) 0.41 1.15 .01 .13 .17 .03 .15 .02 -.04 .05 -.09 1.00    

11. Reco (Frag.) 0.13 0.68 -.06 -.03 .09 .03 .11 .17 -.04 -.03 .22* -.03  1.00  

12. Age 20.31 1.97 -.07 -.18 .11 .01 -.09 .00 -.16 -.13 -.10 -.03 -.06 1.00 

13. Gender   0.01 -1.83# 0.37 0.62  0.77  -0.76 -0.36 -0.35 1.49
a
 0.30

b
 0.74

b
 2.01* 

Note. N = 85 (due to missing explicit learning data for two participants) for all M, SDs and correlations. Computations of t-statistics involving gender are based on the whole 

sample of N = 87. Descriptive statistics are derived from the raw scores of the respective variables, except for ∆Acc and Accdiff which are based on log-transformed error 

scores, respectively. Correlations and t-statistics are computed for transformed variables, which means log-transformation for all other variables, too, except for n Power, n 

Aff, and AI, which were square-root transformed, residualized for total word-count and then z-standardized. n Pow = n Power; n Aff = n Affiliation, AI = Activity Inhibition; 

Implicit learning measures were derived from the Differential Implicit Learning Task (DILT; DILT-Perf. to RTdiff). DILT-Perf. = overall DILT-performance (average 

number of correct key presses per sequence across all main-blocks and blue/yellow); ∆ = learning gains in accuracy (acc) and response latencies (RT), gains were derived by 

subtracting scores for fixed from those on random sequences (log-transformed error scores for acc, response times in milliseconds for RT; higher scores correspond to better 

learning in both cases); Accdiff/RTdiff = relative gain differences; ∆Acc/RT on neutral-reinforcement for correct performance sequence subtracted from ∆Acc/RT on 

emotion-reinforcement for correct performance sequence; Repro = Reproduction (correct SOCs corrected for wrong SOCs produced); Reco = Recognition (Recognition 

ratings for fake subtracted from ratings for real whole sequences (Seq.) and sequence fragments (Frag.)); Gender = t-statistics for gender differences (t-tests; N = 87; df: 85).  
a: df = 84, due to one missing case for for the t-statistic involving Reproduction only. 

b: df = 83, due to two missing cases for for the t-statistics involving Reco (Seq.) and Reco (Frag.) respectively. 
** p < .01. * p < .05. # p < .10.
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5.3.2.3 Hypothesis testing. 

5.3.2.3.1 Evidence of implicit learning and derivation of accuracy differences. 

Again, the sine-qua-non requirement for hypothesis testing was documenting implicit 

sequence learning reflected in a negative transfer effect (higher error scores, slower RTs), this 

time from fixed sequences in the test block uncontaminated by continued FEE-presentation to 

random sequences in the random block (phase). Also, testing hypotheses with such highly 

aggregated scores like those reflected in accuracy gain differences demands demonstrating 

that the same results are obtained in a disaggregated model. Thus, I constructed an auxiliary 

term with log-transformed error scores as dependent variable, FEE-contingency and phase as 

within-subject variables, and gender, sender gender, n Power and AI as between-subject 

variables, resulting in a 2 (FEE-contingency: neutral- vs. emotion-reinforcement for 

accuracy) x 2 (phase: test vs. random block) x 2 (gender: female vs. male) x 2 (sender gender: 

female vs. male) regression term with 2 continuous predictors, n Power and AI. Whenever I 

obtained a significant result in the main analyses, I returned to this auxiliary term to show 

that the respective effect was genuine and not a by-product of aggregation by comparing 

significance levels at both aggregation stages. In all cases across Studies 2, 3, and 4, 

significance levels for the aggregated and the disaggregated model were identical. 

My Phase x Specific sequence “evidence of implicit learning”-ANOVA on log-

transformed error scores revealed a phase effect (F(1, 86) = 11.39, p < .002, ηp² = .117; fixed: 

M = 0.57, SD = 0.26; random: M = 0.65, SD = 0.25), documenting stable implicit learning for 

accuracy. There was no specific sequence effect (F(1, 86) = 1.38, p > .20, ηp² = .016, blue: M 

= 0.60, SD = 0.25; yellow: M = 0.62, SD = 0.24) and no Phase x Specific sequence 

interaction (F(1, 86) = 0.52, p > .40, ηp² = .006), indicating that implicit learning accuracy did 

not differ by sequence construction properties. The same was true for RTs, for which a phase 

effect (F(1, 86) = 29.08, p < .000001, ηp² = .253, fixed: M = 357.26, SD = 55.92; random: M 
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= 378.94, SD = 43.32) was obtained, but neither a specific sequence effect (F(1, 86) = 0.15, p 

= .70, ηp² = .002, blue: M = 367.02, SD = 46.02; yellow: M = 369.17, SD = 51.41) nor a 

Phase x Specific sequence interaction (F(1, 86) = 0.55, p = .70, ηp² = .006). Thus, I refrained 

from analyzing specific sequences separately. 

Concerning possible general instrumental conditioning effects, in the disaggregated 

model, no FEE-contingency x Phase-interaction was obtained for log-transformed error 

scores (F(1, 82) = 0.02, p = .88, ηp² = .0003) and thus no positive general effect of rewarding 

accurate key presses with joy FEEs on implicit learning gains for accuracy. 

As I was concerned with scaling effects of motive dispositions on instrumental 

conditioning effects only and phase-effects were pervasively present, I created accuracy gain 

and RT gain scores and after that accuracy gain difference- and RT gain difference -scores 

according to the procedures described above. The following analyses are only concerned with 

effects concerning accuracy gain difference- and RT gain difference-scores, omitting effects 

concerning raw accuracy scores or implicit learning gains irrespective of instrumental 

conditioning effects. 

5.3.2.3.2 n Power. 

Hierarchical regression in the aggregated general model yielded no significant main 

effects on the accuracy gain differences (Fs(1, 82) < 0.26, all ps > .60, ηp²s < .004
14

), and 

removing an outlier (studentized residual = 3.50) did not change this conclusion. Thus n 

Power had no negative effect when correct performance was rewarded with smiles versus the 

neutral reinforcement, Hypothesis 2.1 was not confirmed.  

                                                           
14

 To keep comparability to the magnitude of general implicit-learning- and other effects and to make clear that 

the aggregated model is a result of a linear transformation, whenever possible in the following, I report the ηp² 

coefficients obtained for the F-values from the disaggregated model, even when using the B-weights from the 

aggregated model (and when convenient even the original F-values for ease of description). This is even more 

plausible, as for example based on these transformations the B-weights are at exactly the same p-values as the 

original interactions in the disaggregated model. Therefore, and because SYSTAT results from the aggregated 

model did not allow for the computation of ηp²s for individual effects, these effect sizes will always be taken 

from the original interaction, even when using B-weights, and thus pervasively used in this thesis to keep results 

within a study comparable.  
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Considering two way-interactions, the Gender x Sender gender (B = -0.26, SE = 0.15, 

p = .09, ηp² = .038) and the Sender gender x n Power-Interaction (B = 0.14, SE = 0.08, p = 

.07, ηp² = .043) were marginally significant, while all other terms were not (Fs(1, 76) < 1.13, 

ps > .20, ηp²s < .015). Thus, a positive influence of an IPM was not found, Hypothesis 2.2 

was not confirmed.  

Looking at three-way-interactions, I obtained a Gender x n Power x AI-interaction (B 

= -0.23, SE = 0.10, p = .02, ηp² = .073), but no other significant terms (Fs(1, 72) < 0.63, ps > 

.40, ηp²s < .009). The four-way interaction Gender x Sender gender x n Power x AI was not 

significant (B = -0.10, SE = 0.19, p = .62, ηp² = .004), too. Thus, neither n Power alone nor n 

Power x AI influenced the accuracy gain differences on a general level, even when taking 

gender congruence (Gender x Sender gender) into consideration, but nevertheless a 

siginificant Gender x n Power x AI interaction was obtained.
15

 

To explain the Gender x Sender gender-effect, like Schultheiss, Pang, et al. (2005) I 

used gender congruence, a variable made up of gender and sender gender denoting whether a 

given participant had seen FEEs displayed by senders of her or his own sex (congruent) or of 

the opposite sex (incongruent). The analysis by gender congruence barely missed trend-level 

(t(85) = -1.59, p = .12, d = -0.34), but indicated that incongruent faces (M = 0.10, SD = 0.39) 

would have produced more positive conditioning effects than congruent faces (M = -0.12, SD 

= 0.28). Even pointing to a higher positive relevance of opposite-sex than same-sex smiles, 

this result was not significant and the expected interaction with n Power did not emerge. 

I pursued the marginal Sender gender x n Power interaction further by splitting the 

sample by sender gender running a regression with accuracy gain differences as dependent 

                                                           
15

 As stated above, results from the disaggregated and the aggregated model turned out to be pervasively 

equivalent across sub-studies. Therefore, I will not always report both results (F-values and B-values) in the 

following anymore. As a last example, the three findings from the main model are given in the following: The 

same findings also emerged as a FEE-contingency x Phase x Gender x Sender gender (F(1, 76) = 2.99, p = .09), 

a FEE-contingency x Phase x Sender-gender x n Power (F(1, 76) = 3.42, p = .07) and a FEE-contingency x 

Phase x Gender x n Power x AI-interaction (F(1, 72) = 5.70, p = .02) in the disaggregated model at the same 

level of significance (ηp²s: see above). 
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variable and n Power as a predictor. For male (B = -0.08, SE = 0.05, p = .13, ηp² = .055), but 

not for female senders (B = 0.04, SE = 0.06, p = .42, ηp² = .015), the effect´s direction was 

conform to my initial prediction of a negative influence of n Power in the context of joy-

reinforcement. However, this result was only marginal and the follow-up-analyses
16

 in both 

subgroups missed trend-level, even if the the distance to trend-level was small for male 

senders. Thus I will not overemphasize this finding in the following. 

Finally, I isolated the participant Gender x n Power x AI interaction, splitted the 

sample by gender and regressed the n Power x AI interaction on accuracy gain differences as 

a dependent variable. I obtained a weaker effect for females (B = -0.07, SE = 0.06, p = .26, 

ηp² = .031), than for males (B = 0.13, SE = 0.06, p = .05, ηp² = .097), for whom a nearly 

significant positive n Power x AI interaction at trend-level was found. Figure 5.3 plots the 

effects of n Power and AI on accuracy gain differences for the whole sample, as well as for 

females and males separately. Visual inspection suggests that the pattern for males, but not 

for females, fits my initial predictions of a negative influence of n Power in the context of 

joy-face-rewards, but a positive IPM-influence when AI is also high.  

 

 

 

                                                           
16

 Please note that the regression model tests slopes against each other, while these follow-up analyses test 

against the null hypothesis. If one or both subgroups miss significance, this does not endanger conclusions in 

terms of differing slopes. 
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Figure 5.3. Main results of Study 2 – the difference in accuracy gains on fixed versus random 

sequences for joy- compared to neutral-reinforcement contingencies for correct sequence 

execution (range of scores slightly different for female and male sub-plots compared to main 

plot) dependent on n Power (z-scores) and activity inhibition (z-scores). Positive values 

indicate an advantage of the emotion-reinforced sequence. left – whole sample, middle – 

female participants, right – male participants. 

 

5.3.2.3.3 Explicit awareness. 

In keeping with my focus on instrumental conditioning in Studies 2, 3, and 4, I 

concentrate the explicit awareness checks on reinforcement effects in the following. 

Reproduction. In Recognition for Study 2 and 3, one SOC (DAB) was featured both 

in the blue and the yellow sequence. Not counting this SOC underestimates explicit learning, 

while counting it slightly overestimates true explicit learning specific to a given specific 

sequence. I chose to count DAB as correct on both sequences alike and removed it from the 

pool of “wrong” SOCs for both sequences, because overestimation works against my aim of 

documenting true implicit learning. Finding low Reproduction scores in this context would be 

an even more powerful demonstration of low explicit sequence awareness. On average, 

participants generated 53.43% percent (SD = 16.70) of the correct unique SOCs, with those 

correct unique SOCs constituting 35.15% (SD = 10.72) of the number of unique SOCs 

generated overall (correct and wrong ones) in Reproduction, leading to an adjusted 

Reproduction score of 0.20 (SD = 0.10; for computation details on these scores, see data 

preparation in Study 1).  
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Like Schultheiss, Pang, et al. (2005) did for Recognition, I checked if any of the 

previously reported findings on the main model was moderated by a participants ability to 

reproduce the sequences if requested to do so explicitly. This was not the case (ps > .10). 

There was no systematic influence of Reproduction on the results reported, especially when 

looking at reinforcement effects. 

Recognition. On average, recognition scores were larger (t(84) = 3.00, p < .01, d = 

0.47) for real (M = 3.19, SD = 0.87) than for fake sequences (M = 2.72, SD = 0.72). Also, 

average recognition scores tended to be larger (t(84) = 1.68, p < .10, d = 0.20) for real (M = 

3.36, SD = 0.58) than for fake fragments (M = 3.24, SD = 0.56). Awareness scores for whole 

sequences and for fragments were derived by subtracting average rating scores on fake from 

those on real items, respectively. Sequence awareness or fragment awareness did not 

moderate any reported result pertaining to the main model (ps > .10). Recognition 

performance had no systematic influence on my results. 

Contingency awareness Test. Fifty-five participants believed the blue sequence to be 

systematic (63.95%; χ²(1, N = 86) = 6.70, p < .01), but only 48  gave the same response for 

the yellow sequence (55.81%; χ²(1, N = 86) = 1.16, p = .28). Those judgments were neither 

correlated with sequence nor fragment awareness (ps > .10) and so, overall, participants 

appear to have no reliable explicit awareness of the colors being associated with fixed dot 

patterns. When asked what contingency (speed/accuracy) was applied, 49 participants 

correctly stated that accuracy was the criterion for the emotion-reinforced sequence, which 

was not above chance level (57.65%; χ²(1, N = 85) = 1.99, p = .16), and 53 for the neutral-

reinforced sequence, which was above chance level (62.35%; χ²(1, N = 85) = 5.19, p < .05; n 

= 85 in both cases). On the initial general question how participants would describe 

occurrence and relevance of the faces, and the color of the dots, to the dot sequence(s) during 

the SRT, 16 out of 86 participants (18.60%) completing this task gave the correct answer (all 
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three factors related), which is close to chance level (20%), and more than a quarter of all 

participants (24 individuals, 27.91%) assumed no relationships between the factors at all. 

Overall, I conclude that participants had no systematic awareness of the contingencies 

underlying the DILT. 

Face recognition. If faces displayed for the same time (180 ms) as in the DILT cannot 

be discriminated on an explicit level, the rate of correctly hit FEE-targets should be at chance 

level, i.e. about 50%, corresponding to six targets hit by guessing. On average, participants 

got 11.70 (SD = 0.61) of the trials right, corresponding to a hit rate of 97.50% of correct face 

discrimination decisions. This result suggests nearly perfect face discrimination.  

5.3.2.4 Additional analyses. 

5.3.2.4.1 n Power – RTs. 

The same model as for main hypothesis testing was applied to log-transformed RTs to 

test for speed effects paralleling the accuracy effects in my main model. One parallel result 

for RT gain differences was found: a Gender x n Power x AI-effect (B = -0.07, SE = 0.03, p < 

.05, ηp² = .061) mirroring the one observed for the accuracy gain differences and perhaps 

being mediated by this effect (for mediation analyses for Studies 2 and 3 see end of results 

section). The parallel-effect three-way interaction for RTs revealed an analogous tendency 

when splitting by gender and testing the n Power x AI-interaction on the RT gain differences. 

A weaker effect emerged for females (B = -0.04, SE = 0.02, p = .12, ηp² = .056; n = 45) than 

for males, for whom positive trend was found (B = 0.04, SE = 0.02, p < .10, ηp² = .079; n = 

42, see Figure 5.4). The parallel RT effect was not moderated by explicit learning as assessed 

in Reproduction, sequence or fragment awareness and outlier-exclusion did not change this 

conclusion (ps > .10). 
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Figure 5.4. The difference in response time (RT) gains (untransformed) on fixed versus 

random sequences for joy- compared to neutral-reinforcement contingencies for correct 

sequence execution (range of scores slightly different for male sub-plot compared to main 

plot) dependent on n Power (z-scores) and activity inhibition (z-scores) in Study 2. Positive 

values indicate an advantage of the emotion-reinforced sequence. left – whole sample, middle 

– female participants, right – male participants. 

5.3.2.4.2 Usefulnesss of DILT-performance criterion. 

To check if my DILT-criterion was valid and because of the high-number of DILT-

based exclusions, I tested how robust the main results for accuracy gain differences as 

dependent variable were in the context of a less strict or no DILT-criterion. PSE-

transformations and corrections were repeated each time for the resulting larger samples 

according to the above method. When allowing for 14% errors, all effects but the Gender x n 

Power x AI (B = -0.20, SE = 0.10, p = .04, ηp² = .055; n = 89) interaction vanished for the 

main model for accuracy gain differences. Excluding no participants based on DILT-

performance would have left intact only the Gender x n Power x AI interaction, too, but only 

marginally (B = -0.20, SE = 0.10, p < .10, ηp² = .041; n = 106). Overall it seems that keeping 

the 12%-criterion seems to be advisable for Study 2 – even in the context of reduced power 

due to losing many participants which was my reason for not introducing even stricter rules 

(11% - 81 individuals left, 10% - 76 individuals left). 

5.3.2.4.3 n Affiliation. 

Using the the same model as for main hypothesis testing for n Affiliation, there were 

no main or interaction effects for the difference between joy- and neutral-reinforcement at all, 
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except for a marginal Gender x n Affiliation x AI interaction (B = 0.22, SE = 0.12, p < .10, 

ηp² = .044) on accuracy gain differences. However, this effect could – perhaps due to missing 

power - not be pursued further, as when splitting the sample by gender, neither the analyses 

for females (B = 0.03, SE = 0.05, p = .56, ηp² = .009), nor for males (B = -0.13, SE = 0.08, p = 

.13, ηp² = .059) reached significance, and because alternative artificial splittings did not 

improve p-levels of the interaction. While this effect was not moderated by sequence or 

fragment awareness, explicit learning as assessed by Reproduction influenced the interaction 

(B = 3.37, SE = 1.54, p < .05, ηp² = .065). The Gender x n Affiliation x AI interaction was 

weaker for participants with awareness scores below the median (B = 0.01, SE = 0.13, p = 

.95, ηp² = .0001) than for participants with high scores (B = 0.33, SE = 0.16, p < .05, ηp² = 

.106). Given the initial trend-level, the ineffectiveness of the gender-split in eliciting 

significant results and the moderation by explicit awareness, the only effect observed for n 

Affiliation has to be viewed with caution. For log-transformed RTs, there was no parallel 

effect involving the motive variable and outlier exclusion did not change this conclusion. 

5.3.2.5 Summary. 

People high in n Power did not show hampered accuracy gains on joy-reinforced 

versus neutral-reinforced sequences, Hypothesis 2.1 was not supported. Also, the IPM-pattern 

had no direct positive effect on accuracy gain differences, Hypothesis 2.2 was not supported. 

However, the expected IPM-pattern emerged at least for male participants and a Gender x 

Sender gender interaction hinted at (nonsignificantly) more positive results for opposite-

compared to same-sex joy faces. Results could draw on robust implicit learning effects and 

were not systematically influenced by explicit learning assessed in the awareness tasks. 

5.3.3 Study 3: Results. 

5.3.3.1 Data preparation. 
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If transformation of a variable was necessary, all inferential analyses on that variable 

were run for its transformed version throughout Study 3, even if for some variables 

descriptive statistics are given as untransformed scores for easier interpretability (see below). 

PSE-transformations were the same as for Study 2, as n Power and AI deviated from 

normality (Ws < 0.95, ps < .01), and n Affiliation was on the significance line (W = 0.96, p = 

.05), but visual variable inspection indicated necessary transformations for all three variables. 

Again, variables were square-root-transformed, residualized for total word-count (see above 

for descriptive statistics) via regression because of significant correlations with it (ps < .02) 

and later z-standardized.   

All error scores on all DILT-main-blocks and for both specific sequences, 

respectively, deviated from normality (Ws < 0.97, ps < .05), and were log-transformed 

following the same method as in Study 2 to achieve a normal distribution. As deviations from 

normality also occurred for most of the main-blocks, especially as both specific sequences of 

the results-defining random-sequence-blocks and also the yellow test block were affected (all 

three Ws < 0.96, ps < .04), I log-transformed all RT-scores according to the above method, 

while reporting untransformed descriptive statistics for reasons described above. 

For explicit learning measures, transformations were equivalent to those in Study 2, as 

Reproduction again deviated from normality, as well as the mean for real elements on whole 

sequence Recognition (Ws < 0.95, ps < .02). The latter result lead to equivalent 

transformation being necessary for the fake elements even if normality here was only violated 

at trend-level (W = 0.96, p = .06). While real and fake fragment ratings were normally 

distributed (Ws > 0.97, ps > .10), they had to be transformed, too, as the fragment awareness 

score they produced deviated from normality (W = 0.94, p < .01). Again, untransformed 

scores are used for descriptive statistics. Log-transformation was necessary for age (W = 0.80, 

p < .00001, n = 63), but not not for DILT-overall accuracy (W = 0.98, p = .60). 
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5.3.3.2 Descriptive statistics. 

Figure 5.5 plots percentage of correct trials and RTs for all testing blocks and hints at 

implicit learning effects reflected in more correct trials and faster RTs on fixed sequences in 

the test block compared to the random-sequence-block. Figure 5.6 presents the blocks 

grouped as test sections according to their function (baseline, training, test and random) 

showing the average performance for each test section. Looking at the effects of 

reinforcement contingencies alone, there were indications of differences between specific 

sequences: The accuracy gain for the blue sequence, reflected in the rise in error scores at the 

transition from fixed test sequences to random sequences, seemed more pronounced if correct 

performance was reinforced with anger instead of neutral FEEs, unexpectedly implying an 

instrumental conditioning advantage of anger over neutral FEEs. Conversely, if correct 

performance was reinforced with anger on the yellow sequence, visual inspection implied the 

expected impaired implicit learning accuracy gains. Error scores on the yellow test sequence 

did not differ from those on the random sequence. Also, the accuracy gain for the yellow 

sequence persists if correct performance is followed by a neutral FEE, indicating the expected 

instrumental conditioning disadvantage of anger compared to neutral FEEs. As the specific 

sequences show divergent patterns, no conclusions can be derived from visual inspection.  
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Figure 5.5. Average percent of correct trials (left) and average response times in milliseconds 

(ms; right) per sequence (error bars depicted) for all testing blocks (Bl – Baseline, Tr – 

Training, Tt – Test, Rs – Random sequence) in Study 3. 
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Figure 5.6. Log-transformed error scores (left) and response times in milliseconds (ms; right) 

on fixed and random test sections for all main-blocks (Bl – Baseline, Tr – Training, Tt – Test, 

Rs – Random sequence) in Study 3 (higher values reflect more errors; standard errors are 

displayed), overall (top quarter), by experimental condition (next-to-top quarter), as well as 

for contingency-dependent variations in the blue (next-to-bottom quarter) and yellow 

sequence (bottom quarter), respectively. 
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Table 5.3 

Matrix with means, SDs and intercorrelations of all relevant variables assessed in Study 3 

  M SD 1 2 3 4 5 6 7 8 9 10 11 12 

1. n Pow 4.19 2.97 1.00                      

2. n Aff 5.75 3.59 .36** 1.00                    

3. AI 10.63 6.48 .04 -.27* 1.00                  

4. DILT-Perf. 11.35 0.30 -.07 .06 .03 1.00                

5. ∆Acc 0.06 0.21 -.08 -.19 .04 -.22# 1.00              

6. ∆RT  16.38 30.11 -.17 -.16 -.03 .05 -.03 1.00            

7. Accdiff -0.02 0.36 -.10 .05 .13 .15 .17 .09 1.00          

8. RTdiff 2.01 49.19 -.07 .05 .10 .06 .03 -.12 .40** 1.00        

9. Repro 0.18 0.10 -.26* -.20 -.09 .13 -.02 .30* -.02 -.26* 1.00      

10. Reco (Seq.) 0.32 1.08 .07 .00 -.11 -.02 -.08 -.03 -.06 -.11 .03 1.00    

11. Reco (Frag.) 0.18 0.63 -.20 -.31* .00 .10 -.15 .28* -.07 -.22# .17 .18 1.00  

12. Age 21.87 3.22 .05 -.04 -.17 .12 .06 -.01 -.06 .09 -.16 -.24# -.30* 1.00 

13. Gender   -0.45 -1.36 -0.62 1.21 0.73 .24 0.48 -1.85# 3.42**
a
 0.16 -0.27 1.53

b
 

Note. N = 64 (due to missing Reproduction data for one participant: N = 63 for all correlations and also for respective M and SD; only for age M, SD based on 

N = 63 and correlations based on n = 62 due to additional exclusion of an obviously incorrect case with age = 2). Descriptive statistics are derived from the 

raw scores of the respective variables, except for ∆Acc and Accdiff which are based on log-transformed error scores, respectively. Correlations and t-statistics 

are computed for transformed variables, which means log-transformation for all other variables, too, except for n Power, n Aff, and AI, which were square-

rooot transformed, residualized for total word-count and then z-standardized, and for DILT-Perf., for which no transformation was necessary. n Pow = n 

Power; n Aff = n Affiliation, AI = Activity Inhibition; implicit learning measures were derived from the Differential Implicit Learning Task (DILT; DILT-

Perf. to RTdiff). DILT-Perf. = overall DILT-performance (average number of correct key presses per sequence across all main-blocks and blue/yellow); ∆ = 

learning gains in accuracy (acc) and response times (RTs), gains were derived by subtracting scores for fixed from those on random sequences (log-

transformed error scores for acc, response times in milliseconds for RTs; higher scores correspond to better learning in both cases); Accdiff/RTdiff = relative 

gain differences; ∆Acc/RT on neutral-reinforcement for correct performance sequence subtracted from ∆Acc/RT on emotion-reinforcement for correct 

performance sequence; Repro = Reproduction (correct SOCs corrected for wrong SOCs produced); Reco = Recognition (Recognition ratings for fake 

subtracted from ratings for real whole sequences (Seq.) and sequence fragments (Frag.)); Gender = t-statistics for gender differences (N = 64; t-tests; df: 62). 

a: df = 61, due to a missing case for the t-statistic involving Repro only. 

b: df = 61, due to exclusion of an obviously incorrect case with age = 2 for the t-statistic involving age only. 

** p < .01. * p < .05. # p < .10. 
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Table 5.3 shows the means, standard deviations and intercorrelations of all relevant 

variables in Study 3. A positive relationship between Reproduction and the overall RT gain 

emerged, thus the general implicit learning effect for RTs seemed to be influenced by this 

form of explicit learning. A parallel effect emerged for fragment awareness. There was an 

intercorrelation between accuracy gain difference and RT gain difference between emotion-

reinforced and neutral-reinforced sequence, with RT gain differences perhaps benefitting 

from accuracy gain differences, as having learned to perform one sequence more accurately 

than the other one should also enable a participant to execute that sequence faster than the 

other sequence. No significant correlations were observed between explicit learning measures 

and the gender difference for n Affiliation between females (M = 6.36, SD = 3.75) and males 

(M = 4.59, SD = 3.02) missed trend-level (p = .18). 

There was a trend-level negative association between accuracy gains and overall 

DILT-performance – if performance is too good, there is less potential for learning gains. 

While being positively associated with RT gains, Reproduction (significant) and Fragment 

awareness (trend-level) were negatively associated with relative RT gain difference between 

emotion-reinforced and neutral-reinforced sequence. 

There was a positive association between n Power and n Affiliation, a negative one 

between n Affiliation and AI, as well as a negative correlation between n Power and 

Reproduction and between n Affiliation and Fragment awareness, respectively. They demand 

replication until speculations can be generated.  

5.3.3.3 Hypothesis testing. 

5.3.3.3.1 Evidence of implicit learning and derivation of accuracy differences. 

I examined the negative transfer effect (test versus random) as a pre-requisite for 

testing my hypotheses. My Phase x Specific sequence “evidence of implicit learning”-

ANOVA revealed a phase effect for log-transformed error scores (F(1, 63) = 5.46, p < .05, 
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ηp² = .080, fixed: M = 0.53, SD = 0.22; random: M = 0.59, SD = 0.26), documenting stable 

implicit learning for accuracy. There was no effect of specific sequence (F(1, 63) = 0.15, p = 

.70, ηp² = .002, blue: M = 0.56, SD = 0.24; yellow: M = 0.56, SD = 0.24) indicating that 

accuracy did not differ by sequence construction properties. However, I obtained a marginal 

Phase x Specific sequence-interaction (F(1, 63) = 3.28, p < .10, ηp² = .050), revealing a 

stronger phase-effect for the blue (F(1, 63) = 8.50, p < .005, ηp² = .119, fixed: M = 0.51, SD = 

0.25; random: M = 0.61, SD = 0.30) than for the yellow sequence (F(1, 63) = 0.39, p = .54, 

ηp² = .006, fixed: M = 0.55, SD = 0.26; random: M = 0.58, SD = 0.24) when splitting the 

model by specific sequence. For RTs, I obtained a phase effect (F(1, 63) = 20.61, p < .0001, 

ηp² = .246, fixed: M = 388.20, SD = 61.48; random: M = 404.58.94, SD = 58.60), but also an 

effect of specific sequence (F(1, 63) = 4.53, p < .05, ηp² = .067, blue: M = 392.96, SD = 

60.89; yellow: M = 399.83, SD = 58.60) in favor of blue sequences, as well as a Phase x 

Specific sequence-interaction (F(1, 63) = 5.02, p < .05, ηp² = .074). For the latter effect, 

follow-up-analyses revealed that the phase-effect was significant for both specific sequences, 

but more pronounced for the blue (F(1, 63) = 20.86, p < .0001, ηp² = .249, fixed: M = 381.49, 

SD = 66.36; random: M = 404.43, SD = 60.75) than for the yellow sequence (F(1, 63) = 5.34, 

p < .05, ηp² = .078, fixed: M = 394.92, SD = 64.79; random: M = 404.74, SD = 58.81). As 

FEE-contingencies were counterbalanced between specific sequences, and thus possible color 

or sequence difficulty differences were levelled out, I continued with the general model 

without regard to specific sequences. 

In the disaggregated model, there was no FEE-contingency x Phase-interaction (log-

transformed error scores; F(1, 59) = 0.04, p = .85, ηp² = .0006). Thus, there was no general 

instrumental learning effect regardless of motives for anger versus neutral faces for accuracy. 

I was only concerned with scaling effects of motives on instrumental conditioning 

effects. As phase-effects were pervasively present, I created accuracy gain scores and after 
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that accuracy gain difference-scores according to the procedures described above. The 

following analyses are only concerned with effects concerning accuracy gain differences, 

omitting irrelevant effects not pertaining to instrumental conditioning effects. 

5.3.3.3.2 n Power. 

Again using hierarchical regression, the aggregated model did not reveal any main 

effects on accuracy gain differences (all Fs(1, 59) in disaggregate model < 1.13, ps > .20, ηp²s 

< .019). Thus n Power had no negative effect when correct performance was “rewarded” with 

anger versus the neutral reinforcement, Hypothesis 3.1 was not confirmed. 

Like in study 2, I obtained a Gender x Sender gender (B = 0.42, SE = 0.20, p < .05, ηp² 

= .081). No other two-way interactions emerged (Fs(1, 53) < 2.28, ps > .10, ηp²s < .041). The 

hypothesized negative IPM-influence was not obtained, Hypothesis 3.2 was not confirmed.  

I obtained a marginal Sender gender x n Power x AI-interaction (B = -0.22, SE = 0.12, 

p < .10, ηp² = .059), but no other three-way-interactions (Fs(1, 49) > 0.36; ps > .50; ηp²s < 

.007). The four-way Gender x Sender gender x n Power x AI interaction was not significant 

(B = 0.01, SE = 0.34, p = .97, ηp² = .00003), too. Neither n Power alone nor n Power x AI 

significantly influenced accuracy gain differences on a general level, even when checking for 

influence of gender congruence (Gender x Sender gender). 

Explaining the Gender x Sender gender interaction in terms of gender-congruence was 

significant this time (t(62) = 2.09, p < .05, d = 0.53). Incongruent faces (M = -0.09, SD = 

0.30) produced more negative conditioning effects than congruent faces (M = 0.08, SD = 

0.40). Thus, means were in the opposite direction as for the joy reinforcement in Study 2 

where incongruent faces seemed to non-significantly produce more positive effects than 

congruent faces for smiles. Even if Study 3´s result points to a higher negative relevance of 

opposite-sex than of same-sex anger expressions on a general level, the expected interaction 

with n Power did not emerge. 
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I isolated the Sender gender x n Power x AI-effect, splitted the sample by sender 

gender and regressed the n Power x AI-interaction on accuracy gain differences as a 

dependent variable. I obtained no robust effecst for female senders (B = -0.04, SE = 0.08, p = 

.66, ηp² = .007) and at first no robust effect for male senders, too (B = 0.05, SE = 0.07, p = 

.43, ηp² = .023), but exclusion of three outliers in the latter case (studentized ts: - 2.99, 2.90, 

and 3.21, respectively) rendered the latter effect significant (B = 0.11, SE = 0.05, p = .02, ηp² 

= .198; n = 28) while preserving its positive direction. However, the fact that three exclusions 

– above that of outliers flagged in a subsample only which were statistically valid data points 

in the overall sample - were necessary to produce the main result of Study 3 was deemed 

unsatisfactory. I checked the data of the three outliers and found all of them to have produced 

coherent PSE stories and none of them was below or above 3 SDs on n Power, AI or 

accuracy gain differences, which would have made their data suspicious of being not part of 

the population of interest (cf. the rule of thumb in Osborne, 2013, p. 141). Alternative 

splittings of the interaction at the median of n Power or AI were even less conclusive, so I 

keep the “natural” dichotomization by sender gender and report results with and without 

subgroup-outlier exclusion. Figure 5.7 plots the effects of n Power and AI on accuracy gain 

differences for the whole sample, as well as separately for female and male senders, with the 

net sample and with the three outliers excluded, respectively. Visual inspection of the overall 

pattern – regardless of outlier exclusion and for overall sample, female senders, and male 

senders alike – suggests higher gain scores for the anger reinforcement sequence in the 

presence of an IPM. Indications of positive effects also for the reverse case, low AI and low n 

Power, are only found for male senders after outlier exclusion and are not interpreted further 

based on the only marginal interaction above. Yet a high n Power alone seems to have no or 

even the expected negative influence when outliers are excluded, but the overall and the male 
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sender gender plot would suggest a positive advantage of high power individuals on the anger 

sequence. Visual inspection does not provide a clear picture here.  

 

 

Figure 5.7. Main results of Study 3 – The difference in accuracy gains on fixed versus 

random sequences for anger- compared to neutral-reinforcement contingencies for correct 

sequence execution. Positive values indicate an advantage of the emotion-reinforced 

sequence. A – whole sample, B – sender gender female, C – sender gender male. Top row 

(A.1, B.1, C.1) – without outlier exclusion, bottom row (A.2, B.2, C.2) – three outliers 

excluded. 

 

5.3.3.3.3 Explicit awareness. 

Reproduction. Due to the programming error, as in Study 2 I again counted DAB as 

correct on both sequences alike and removed it from the pool of “wrong” SOCs for both 

sequences (for details, see Study 2: Results). On average, participants generated 51.67% 

percent (SD = 15.94) of the correct unique SOCs, with those correct unique SOCs 

constituting 34.26% (SD = 10.25) of the number of unique SOCs generated overall (correct 

and wrong ones) during Reproduction, leading to an adjusted Reproduction score of 0.18 (SD 
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= 0.10; for computation details on these scores, see data preparation in Study 1). None of the 

previously reported main results pertaining to reinforcement were moderated by a 

participant´s ability to reproduce the sequences if requested to do so explicitly (ps > .10). I 

consider my results not influenced by explicit learning as assessed by Reproduction. 

Recognition. On average, Recognition scores were larger (t(63) = 2.82, p < .01, d = 

0.42) for real (M = 3.20, SD = 0.76) than for fake sequences (M = 2.88, SD = 0.96). Also, 

Recognition scores were larger (t(63) = 2.33, p < .05, d = 0.40) for real (M = 3.33, SD = 0.44) 

than for fake fragments (M = 3.15, SD = 0.49). Like above, awareness scores for whole 

sequences and for fragments were derived by subtracting average rating scores on fake from 

those on real items, respectively, and I checked if the reported findings were moderated by 

those scores. Sequence awareness did not moderate any of the reported main model results 

(ps > .10). Fragment awareness only moderated the Sender gender x n Power x AI interaction 

(B = 2.99, SE = 0.96, p < .01, ηp² = .168) on accuracy gain differences, with thevinteraction 

being weaker and missing trend-level for above-median awareness (B = 0.23, SE = 0.15, p = 

.14, ηp² = .086) and lingering at trend-level for below-median awareness (B = -0.50, SE = 

0.27, p < .10, ηp² = .125). Thus, whole sequence awareness had no systematic influence on 

my results and the only finding for fragment awareness if at all points to a detrimental 

influence on my main result.  

Face recognition. On average, participants got 11.59 (SD = 0.89) of the 

discrimination decisions right, corresponding to a hit rate of 96.62% of correctly 

discriminated faces. Like in study 2, this suggests nearly perfect face discrimination. 

5.3.3.4 Additional analyses. 

5.3.3.4.1 n Power – RTs. 

For log-transformed RTs, after excluding three outliers (not identical to the three 

subgroup-outliers in the main results; studentized residuals: -4.27, -3.67, 3.24) there was a 
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Gender x Sender gender interaction (B = 0.13, SE = 0.06, p < .05, ηp² = .101), paralleling the 

one in the main results and perhaps being mediated by this effect (for mediation analyses for 

Studies 2 and 3, see end of results section). Further differentiating the Gender x Sender 

gender interaction in terms of gender congruence, I found that RT gain differences were 

higher and positive (indicating an advantage of the anger-reinforced sequence) for same-sex 

senders (M = 16.36, SD = 34.80), compared to opposite-sex senders (M = -4.36, SD = 41.20; 

t(59) = 2.30, p < .05, d = 0.59). Testing the Gender x Sender gender interaction on RT gain 

differences for explicit learning task moderation yielded no effects (ps > .10) 

5.3.3.4.2 Usefulnesss of DILT-performance criterion. 

Because of the high number of DILT-based exclusions I repeated the main analyses 

for accuracy gain differences as dependent variable to assess the validity of the DILT-

performance criterion. Extending the criterion to 13% eliminated my main results for 

accuracy gain differences, albeit a new Gender x AI-interaction would have emerged in the 

accuracy gain differences model after exclusion of an outlier (B = 0.24, SE = 0.10, p < .05, 

ηp² = .104; n = 64). The latter result indicated a stronger, marginally negative effect of AI on 

accuracy gain differences for males (B = -0.14, SE = 0.08, p < .10, ηp² = .136; n = 22) than for 

for females (B = 0.08, SE = 0.06, p = .18, ηp² = .044; n = 42). I did not interpret this further 

because of the small number of male participants and because the effect was not predicted. 

When not excluding participants based on their DILT-performance in the accuracy gain 

differences model, the only remaining result, the Gender x Sender gender interaction, barely 

reached trend-level anymore (B = 0.31, SE = 0.18, p = .09, ηp² = .040; n = 81). While a 

Gender x AI interaction now would have emerged for accuracy gain differences as dependent 

variable (B = 0.18, SE = 0.09, p < .05, ηp² = .058; n = 81), I did not interpret that latter result 

further because here accuracy scores as low as 4.58 correct key presses contributed to the 

result, which means incorrect key presses on almost two thirds of the relevant trials (38.17% 
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correct). Outlier exclusion would not have changed conclusions here. Again the 12%-

criterion seemed to be adequate for exposing the predicted effects of motives and of 

participant and sender gender – but again reduced power and only using the most valid cases 

resulted in the loss of many participants, which was my reason for not introducing even 

stricter rules (e.g. 10% - 61 individuals left, 8% - 55 individuals left). 

5.3.3.4.3 n Affiliation. 

For n Affiliation, there were no main or interaction effects for accuracy gain 

differences involving the motive variable (ps > .10), except for a Gender x Sender gender x n 

Affiliation effect (B = -0.66, SE = 0.32, p < .05, ηp² = .080). Follow-up-analyses yielded a 

stronger gender congruence effect for participants with below-median n Affiliation scores (B 

= -0.23, SE = 0.11, p = .05, ηp² = .119), where opposite-sex anger (M = -0.16, SD = 0.31) 

influenced accuracy gain differences more negatively than same-sex anger (M = 0.07, SD = 

0.33), than for above-median n Affiliation, where there was no difference (B = -0.14, SE = 

0.14, p = .30, ηp² = .036) between opposite- (M = -0.04, SD = 0.29), and same-sex anger (M = 

0.10, SD = 0.48). This effect was not moderated by explicit learning assessed in any of the 

tasks (ps > .10) and uncontaminated by outliers. For log-transformed RTs, there was no 

parallel effect (B = -0.06, SE = 0.12, p = .61, ηp² = .005), and excluding three outliers (not 

identical to subgroup outliers in main analyses) did not change this conclusion. 

5.3.3.5 Summary. 

People high in n Power did not show hampered accuracy gains on anger-reinforced 

versus neutral-reinforced sequences, Hypothesis 3.1 was not supported. Also, IPM did not 

further strengthen the negative effects of anger, Hypothesis 3.2 was not supported. However, 

for male sender gender an unexpected positive IPM-influence emerged after outlier 

exclusion, though this result was not robust. A Gender x Sender gender interaction hinted at 

more negative conditioning results for opposite-sex compared to same sex anger faces. 
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Results could draw on robust implicit learning effects and were not systematically influenced 

by explicit learning assessed in the awareness tasks. 

5.3.4 Mediation analyses for Studies 2 and 3. 

The two parallel effects for the RT gain difference, a Gender x AI x n Power 

interaction in Study 2 and a Gender x Sender gender interaction in Study 3 were tested for 

mediation by the accuracy gain difference according to the model presented in Figure 5.8 

(Baron & Kenny, 1986, p. 1176). This way, I checked if RT gain difference effects were only 

secondary effects of the accuracy effects on which reinforcement was contingent. I used the 

method by Baron and Kenny (1986) and the Sobel-test version proposed by them (p. 1177). 

Table 5.4 presents descriptive statistics and the Sobel-test for the paths associated 

with the two parallel effects. While controlling for accuracy gain differences eliminated the 

parallel RT effect in Study 2 and the associated Sobel-test was marginally significant, the 

parallel effect in Study 3 only dropped to trend-level with the Sobel-test slightly missing a 

trend (p = .12). It is likely that the predictors had some sort of indirect effect on the RT gain 

differences via the accuracy gain differences as a mediator, but complete mediation in the 

sense of Baron and Kenny (1986) cannot be claimed, especially when looking at Study 3. 

 

 

Figure 5.8. Mediation model for parallel effects observed for the speed gain differences. Path 

a represents the effect of the respective predictor X on the accuracy gain differences that was 

initially observed in the main analyses, while path c stands for the effect of the same 

predictor on the speed gain differences, and path c´ represents the latter effect when the 

supposed mediator is controlled for. Path b represents the effect of accuracy gain differences 

on the speed gain differences. 
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Table 5.4  

Mediation analyses testing whether the parallel effect on speed gain differences of my 

predictors were mediated by the accuracy gain differences in Studies 2 and 3. 

Predictor Path a Path b Path c Path c´ Sobel-Test 

Gender x n Power x AI (Study 2) -0.23* (0.10) 0.11** (0.04) -0.07* (0.03) -0.05 (0.03) -1.75# 

Gender x Sender gender (Study 3) 0.42* (0.20) 0.08* (0.04) 0.13* (0.06) 0.09# (0.05) 1.54 

Note. Numbers represent unstandardized regression coefficients with standard errors given in brackets. 

Pathways specified correspond to the ones used in Figure 5.8. n Power = implicit power motive, AI = activity 

inhibition. 

** p < .01. * p < .05. # p < .10. 

 

5.4 Discussion 

Study 2 and 3 made reinforcement contingent on actual accuracy-performance in an 

implicit learning task with the aim of documenting n Power´s influence on implicit 

instrumental conditioning. To this end, an emotion-reinforced sequence where correct 

performance was followed by a dominant FEE (i.e., a n Power disincentive; study 2: joy, 

study 3: anger) and errors by a neutral FEE was compared with a neutral-reinforced sequence 

with the opposite contingency. 

5.4.1 Interpretation. 

5.4.1.1 Implicit motives and implicit instrumental conditioning. 

The influence of n Power on FEE-dependent instrumental conditioning of implicit 

learning accuracy was not as clear as predicted: Neither study yielded a negative main effect 

for n Power, and I will not overemphasize the marginal Sender gender x n Power-interaction 

in Study 2 in the following, with a more negative influence of n Power for male joy senders 

even missing trend-level. Thus, Hypothesis 2.1 and 3.1, both predicting hampered accuracy 

gains on the emotion- (correct performance followed by joy in Study 2 or anger in Study 3, 

respectively) compared to the neutral-reinforced sequence (correct performance followed by 

a neutral FEE) for inidividuals high in n Power, were not supported. Similarly, the 
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hypothesized IPM-effects did not emerge for the overall sample: For the relative accuracy 

gain on an emotion- compared to a neutral-reinforced sequence, IPM did neither predict 

positive effects on this relative learning gain in the context of joy-FEEs in Study 2 

(Hypothesis 2.2) nor negative effects on this relative gain in the context of anger-FEEs in 

study 3 (Hypothesis 3.2). Hypotheses 2.2 and 3.2 were not directly supported either. 

However, in both cases, n Power x AI had gender-dependent predictive power, for 

male participants in Study 2 and at trend-level for male FEE-senders in Study 3. It may not be 

surprising that I did not observe a direct effect of n Power or IPM in my comparatively small 

samples (compare Schultheiss, Pang, et al., 2005, who tested more than 200 participants). 

Yet, even given these suboptimal conditions for effect detection, in Study 2 the n Power x AI 

interaction for males was positive and in line with Hypothesis 2.2 that AI may reduce or even 

reverse possible negative influences of n Power in the context of joy-reinforcement. Thus this 

hypothesis was partially confirmed. The effect for males in Study 2 was perhaps due to IPM´s 

special predictive value for behavior (Rösch et al., 2013). The fact that joy had positive 

effects on the accuracy gain differences in the context of an IPM fits with the idea that an 

IPM leads to socially adaptive responding to FEE stimuli and with the fact that happy faces 

decrease arousal for IPM-indivudals (Rösch et al., 2013). In an actual social interaction, even 

if a smiling sender may assert her or his dominance, IPM-individuals may take into account 

that the sender also shows that he or she is pleased with what the perceiver may be doing and 

that the current actions – in this case accurate DILT-performance – may be the right way to 

further one´s own ends in a socially accepted way. That the difference emerged in contrast to 

neutral FEEs may be due to the fact that neutral faces may signal a power-motivated 

individual that his actions – or his (in)accurate DILT-performance – do not impact on the 

sender which may be aversive to this individual, as emotional impact on others is a defining 

feature of n Power (Stanton et al., 2010; cf. coding category pow6 in Winter, 1994). 
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However, Rösch et al. (2013) found that at least neutral faces do not increase arousal, but 

given that happy faces decrease arousal here, this still forms a contrast, though linking the 

observed effect partly to a decrease in arousal would be speculative. Plotting the interaction 

also suggested a positive effect for the overall sample, but I could not detect it statistically. 

The IPM-result for male sender gender in study 3 was counterintuitive, as it also 

indicated a positive performance advantage effect of n Power when reinforcing correct 

performance with angry male faces for high-AI. Also, the n Power x AI interaction for 

accuracy gain differences again depended on male gender, but on the side of the FEE-sender. 

This non-robust result was significant only after excluding three subgroup-outliers – yet, on 

the level of visual plot inspection, a positive “positive” IPM-influence of anger-reinforcement 

even seemed to be present regardless of gender and outlier exclusion in Figure 5.7. I suppose 

that this effect would have emerged for the whole sample in the context of a better-powered 

study. Yet, I do not claim partial support for Hypothesis 3.2, as, even if present, the non-

robust IPM effect was only significant for male senders after outlier exclusion and opposed to 

my prediction. I had expected the IPM to strengthen the negative effects of positive 

reinforcement with anger versus neutral reinforcement, but the opposite was observed for 

male senders. This is puzzling given that male anger faces are for example easily conditioned 

as indicators of aversive events (Dimberg & Öhman, 1996) and as Rösch et al. (2013) 

hypothesized that the differentiated reactions to different FEEs in the context of an IPM lead 

to positive and successful interactions. Instrumental conditioning towards more frequently 

eliciting anger expressions in others runs counter this theorizing and may lead to disharmony 

as well as more difficult social interactions and ultimately result in dominance threats and 

rejection (cf. Stanton et al., 2010). A possible explanation is that IPM- individuals control 

their outright negative reaction to anger to not destroy the ongoing interaction by an own 

outburst of anger and try to maintain good performance when confronted with anger. Further, 
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I can only speculate that presentation time of the anger faces may have had a differentiating 

influence: While prolonged presentation of anger in an actual social interaction may herald an 

impending dominance threat, short anger displays like the 180-ms-slides used may be 

reinforcing to some observers or at least not completely negative in the sense of a short 

“teaser-effect” (cf. Keltner, Young, Heerey, Oemig, & Monarch, 1998; Stanton et al., 2010). 

Short anger displays may thus – for the reasons stated above especially in comparison to 

neutral faces - signal that the perceiver had emotional impact as coded in pow6 (Winter, 

1994) while still being short enough to not be perceived as announcement of a dominance 

threat. Yet when trying to determine what a “short” display of anger means, results by Wirth 

and Schultheiss (2007) even call this explanation into question: In their first study, 

testosterone had a reinforcing influence on implicit learning in the context of male anger 

faces at 12 ms presentation time, but not for faces presented for 209 ms. The latter time frame 

is close to my 180 ms. Thus, even these comparatively short presentations may have 

implicated a dominance threat to perceivers, even if testosterone is of course not to be 

equated with n Power. In sum, as three outliers were excluded and results were again gender-

dependent, this unexpected result has to be viewed with caution, but again the IPM produced 

the most relevant motive-related results. 

My initial hope for finding evidence of a principle in showing implicit motives` 

effects on implicit instrumental conditioning processes seems justified when looking at Study 

2 and 3 overall, especially when narrowing the focus on the IPM. A design using more usable 

participants should thus be able to clearly track down the effects if they exist. 

An unresolved question is if there are theoretical implications of IPM- results being 

dependent on male gender in both studies, however inconsistently, because the dependence 

was on participant gender in Study 2 and on sender gender in Study 3. Given this 

inconsistency, the presence of a Gender x Sender gender effect in both studies and the 



140 
 

implications of gender congruence, respectively, I hesitate to narrow my view to male gender. 

Only if this restriction replicates in Study 4 under different conditions, I will have to consider 

a special role of male gender in motives` FEE-dependent instrumental conditioning effects. 

5.4.1.2 Gender congruence. 

I obtained indications of Gender x Sender gender effects on relative accuracy gain 

differences between emotion- and neutral-reinforced sequences in both studies. Analyzing 

them in terms of gender congruence, the indication that positive reinforcement with opposite-

sex smiles produced more positive results than with same-sex smiles missed trend-level 

slightly in Study 2. In conjunction with the significant gender congruence effect in Study 3 

indicating more negative results for opposite- than for same-sex anger FEEs, a pattern of 

higher relevance of opposite-gender expressions seems to emerge.  

The Gender x Sender gender effect obtained in both studies carries two implications 

regarding gender congruence – even if marginal significance was slightly missed for the 

gender congruence effect in study 2. First, it is interesting in its own right: When perceiving 

FEEs, one´s own and the sender´s gender seems to matter (cf. Stanton et al., 2010). Opposite-

sex smiles may carry an important signal ultimately associated with the evolutionary goal of 

reproduction, while opposite-sex anger may threaten that goal (for related deliberations on 

specific FEEs, see Schultheiss, Pang, et al., 2005). Conversely, same-sex smiles may be 

perceived as slightly positive or at least not negative by the average person because of an 

affiliative connotation (Knutson, 1996) and positive valence (see above). This may be 

relevant to affiliate with one´s conspecifics and gather their support (cf. Geary & Flinn, 2002, 

on coalitions formed by humans). However, same-sex smiles, thus securing a proximal goal, 

may not be as relevant to the ultimate goal of reproduction as the opposite-gender version and 

thus humans should be more sensitive to the latter version (and also to the affiliative signal 

contained in this FEE, cf. Stanton et al., 2010). Same-sex anger may even appear less 
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negative and not as threatening to reproduction opportunities as the opposite-sex version 

when directed at the perceiver, because same-sex anger may represent a natural by-product of 

intra-sex competition being based on aggressive exclusion (Wilson, 1980). 

Second, more relevant to the aim of this thesis, the repeated indications of a Gender x 

Sender gender effect may point to an intriguing possibility: Perhaps the fact that results were 

influenced by participant gender in Study 2 and by sender gender in Study 3 was an artifact 

of my under-powered analyses and concealed a Gender x Sender gender, or a gender 

congruence effect, related to motives. Some support for this idea comes from my better-

powered model study (Schultheiss, Pang, et al., 2005) with more than 200 participants: Here, 

gender congruence effects were much clearer, with for example a high n Power predicting 

better implicit learning when confronted with same-sex surprise, but impaired learning when 

confronted with opposite-sex surprise. Also, joy-FEEs impaired learning accuracy compared 

to neutral FEEs only for same-sex expressions. Based on these previous findings, explaining 

the absence of gender-congruence effects on motives in Study 2 and 3 may be speculative, 

but warrants further investigation under conditions more apt to observe clear motive effects. 

5.4.1.3 Parallel RT-findings and n Affiliation. 

Testing for parallel RT-results yielded two findings paralleling effects obtained for 

accuracy gain differences: A more positive n Power x AI-effect for males in Study 2 and a 

RT-gender-congruence effect in Study 3 yielding smaller RT gain differences for “positive” 

reinforcement with anger versus neutral expressions for the seemingly more aversive 

opposite-sex anger expressions than for same-sex anger. Regarding mediation of the RT 

results as a possibly secondary phenomenon of the differential accuracy gains being 

conditioned by performance-contingent reinforcement, mediation analyses yielded promising, 

yet non-significant results: While the Gender x Sender effect for the speed gain differences in 

Study 3 indeed dropped to trend-level when controlling for the accuracy gain differences, the 
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Sobel-test slightly missed trend-level. The mediation could not be documented statistically. 

The Gender x n Power x AI interaction on speed gain differences in Study 2 even vanished 

when controlling for accuracy gain differences and the Sobel-test was marginally significant. 

While having learned to execute a sequence more accurately than another should after some 

time enable faster performance on the former sequence compared to the other one, there is an 

additional implication of those results: I collected at least some evidence of a shift from the 

dominance of a system acquiring spatial to a system acquiring motor coordinates from the 

early to the late stage of learning in sequential learning (Hikosaka et al., 1999; cf. Hikosaka et 

al., 2002). I can only speculate that the duration of the DILT in Studies 2 and 3 was sufficient 

to elicit the associated transfer from reward-based evaluation (accuracy) in the anterior 

striatum to processing of timing (speed) in the dentate nucleus and the putamen. But as  

Hikosaka et al. (1999) also used sequential learning, the DILT´s design should be capable of 

capturing such a transfer. In sum, my most relevant effects seemed to impact on RTs in some 

cases, too, yet those few results are not enough to derive a systematic pattern.  

The sparse results for n Affiliation underscore the importance of focusing on n Power. 

The only accuracy-related result in Study 2, the trend-level Gender x n Affiliation x AI 

interaction on accuracy gain differences, was not amenable to further differentiation – 

perhaps due to lack of power – and stronger for participants with high Reproduction scores. I 

will not interpret this result further, as it may be spurious or due to explicit learning. Until 

replication, I am also reluctant to interpret the Gender x Sender gender x n Affiliation in 

Study 3, where a gender congruence-effect with more negative effects for opposite-sex than 

for same-sex anger held only for below-median, not above-median, n Affiliation. 

5.4.1.4 Usefulness of the DILT-paradigm for the research questions at hand. 

Overall, robust implicit learning as revealed in a negative transfer effect– the 

prerequisite for testing my hypotheses – was present for accuracy and speed in both studies, 
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and indications of specific-sequence influences regarding accuracy or RTs in Study 3 were 

not mirrored for exactly the same sequences in Study 2 with its larger sample. Thus, I could 

rely on a stable basis for testing instrumental conditioning effects. As the DILT with its 

simple SRT-paradigm documented robust implicit learning in both studies, I recommend it 

for studies on implicit learning in general and – looking at the overall result pattern – sor 

studies on instrumental conditioning effects of personality dispositions sensitive to feedback 

that is short and unobtrusive enough not to interfere with the overall paradigm and which can 

be presented repeatedly depending on participant performance. 

In addition, possible parallel explicit learning did not systematically influence results, 

adding to the paradigm´s value for investigating implicit processes. First, sequence or 

fragment awareness did not moderate the main results in Study 2 and 3 systematically: In 

Study 2, neither sequence nor fragment awareness moderated any relevant result. In study 3, 

sequence awareness again failed to moderate anything, and the only accuracy result for 

fragment awareness in the Sender gender x n Power x AI interaction showed a detrimental 

influence of explicit awareness. The latter result is interesting, as it may indicate that explicit 

learning in this case was not an alternative explanation for my main result, but rather 

interfered with the clearness of effects – perhaps because for above-median participants an 

explicit system was used in a domain where using the implicit system would have been more 

adequate, in a similar sense as competition-between-verbal-and-implicit-system theory 

(COVIS; Ashby, Alfonso-Reese, Turken, & Waldron, 1998) in the field of category learning. 

This would strengthen my position for calling the results implicit. Second, for Reproduction 

it was clear that there was no substantial influence of the kind of learning underlying this task 

on accuracy gain differences: Except for the probably spurious Gender x n Affiliation x AI 

interaction in Study 2, Reproduction failed to systematically moderate anything when looking 

at accuracy in both studies. Finally, most participants were unable to explicitly state the 
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contingencies on the DILT: For contingency awareness in Study 2, less than one fifth of 

participants guessed correctly on the contingencies between faces, dot colors and sequence(s) 

during the DILT, making explicit contingency awareness very unlikely. This illustrates that 

the contingencies associated with the FEEs were unconsciously processed even if participants 

were consciously aware of the face types presented for 180 ms in Study 2 and 3, a finding 

that parallels the one for the 209-ms-condition of Schultheiss, Pang, et al. (2005). Overall, 

this adds to the DILT´s value for assessing implicit instrumental conditioning effects. 

Even if resulting in many exclusions, the criterion of less than 12% errors in overall 

average DILT-performance was useful in both studies, because allowing for 14% errors in 

Study 2 eliminated my results except for the main finding which was reduced to trend-level. 

In Study 3, using 13%-error scores eliminated the main results. The 12% criterion may mark 

a lower boundary of trustable scores, a compromise between using valid cases and keeping an 

acceptable sample size. Using no DILT-performance-criterion also destroyed all results but 

the Gender x n Power x AI interaction in Study 2 and the Gender x Sender gender effect in 

Study 3, both reduced to trend-level. Thus, I recommend setting the exclusion criterion at 

least at a maximum of 12% errors in future studies. 

Finally, the absence of a FEE-contingency x Phase interaction in both studies 

illustrates that there was no evidence of direct instrumental conditioning effects of the FEEs 

per se on implicit learning accuracy. This is striking given that FEEs should be understood 

universally (Ekman & Friesen, 1971) and may be expected to carry similar meanings to 

different individuals with regard to evaluations in terms of dominance or affiliation signals  

(e.g. Knutson, 1996). While I do not postulate that such a general effect does not exist at all, 

perhaps it was weakened by the decontextualized nature of FEEs appearing on a screen in a 

rather simple task. But if viewed in conjunction with the fact that factors like gender-

congruence and implicit motives did imbue those FEEs with enough incentive value to show 
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instrumental conditioning effects, I see this as evidence for scaling effects on this kind of 

conditioning. Also, the clear, universal meanings of FEEs mentioned above were obtained in 

self-reports, while influences of FEEs of the same emotion on implicit learning may differ in 

strength and direction depending on perceivers` implicit motive strength and gender 

congruence (Schultheiss, Pang, et al., 2005) or even the same FEEs may differ in the strength 

of their influence on brain activity dependent on pereceivers` implicit motive strength 

(Schultheiss, Wirth, et al., 2008). This supports the position of Stanton et al. (2010), that it is 

not only the signal alone, but also perceiver gender vis-à-vis sender gender and motivational 

dispositions of the perceiver that decide upon rewarding or aversive properties of a stimulus. 

Overall, it still appears that the DILT will be useful for future attempts to detect 

implicit motives` influences on implicit instrumental conditioning. 

5.4.2 Limitations. 

The most obvious limitation of my studies was lacking test power. Sample sizes of 87 

or 64 participants, respectively, may not be enough to grab the complex effects under 

investigation which in addition often called for sample-splits in Study 2 and 3. Large parts of 

the desired effects or their interactions with the gender congruence pattern may have been 

concealed by this fact, though it is remarkable that the patterns for an IPM nevertheless 

appeared in both studies, albeit in a gender-dependent way. 

Looking at the DILT, reinforcement contingencies were rather strict in Study 2 and 3.  

On the one hand, it was desirable that participants make enough errors to be exposed to the 

different FEE-contingencies with sufficient frequency for instrumental conditioning effects to 

emerge. On the other hand, a single wrong key press during a 12-element-sequence sufficed 

to be shown the neutral face on the emotion-reinforced or the emotion-FEE on the neutral-

reinforced sequence instead of the contingency that was intended to produce large parts of the 

expected effects. Even my strict DILT-performance criterion allowed for almost 1.50 average 
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errors per sequence and so some participants working slightly inaccurately most of the time 

may not even have realized the contingencies on the implicit level, leaving no possibility for 

implicit motives to show their influence. I return to this issue in the general discussion. 

The FEE-slides used were perhaps not optimal for detecting n Power effects. As the 

stimulus pool which in addition considers senders` implicit motives (Rösch, 2012) was not 

yet available, both studies had to rely on FEEs sending a “standard” signal only. This was 

suboptimal considering the absence of a stand-alone FEE-contingency effect on accuracy 

gain differences in Study 2 and 3. Also, contrasting the emotion-FEE with a neutral 

expression may have been problematic in the context of n Power, as it may not have been 

truly neutral. It may implicate that a perceiver´s actions do not have emotional impact on the 

depicted person and thus be aversive for high-power participants (Stanton et al., 2010). 

However, there may be no FEE in the MFT circumplex which is completely irrelevant to a 

given motive (cf. Figure 1.1) and choosing neutral faces as reference frames was the best 

available possibility. 

Finally, an alternative explanation could not be ruled out: In both studies, IPM-

influences on relative accuracy gain differences between emotion-reinforced and neutral-

reinforced sequence were positive, even if joy and anger expressions carry quite different 

connotations. Perhaps an IPM only leads to a general preference for emotional versus neutral 

faces, even if this is quite unlikely considering earlier research (Rösch et al., 2013). 

5.4.3 Future research. 

Future studies should make reinforcement criteria easier to be learned on an implicit 

level by making reinforcement an immediate trial-wise consequence of single key presses on 

the training blocks. This may lead to faster and more consistent instrumental conditioning 

than sequence-wise reinforcement. One may argue that this may “fragment” instrumental-

conditioning-effects on implicit learning to the point where only single key presses get more 
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accurate to receive an immediate reward instead of instrumentally learning a sequence. 

However, this criticism can be checked for if again the negative transfer effect, not the raw 

count of correct key presses, is used for hypothesis testing: If random sequences are still 

inferior to test-block-fixed-sequences in performance after repeated reinforcement during 

training, this can only be attributed to learning coherent dot patterns. 

Also FEEs more unambiguous with respect to n Power should be used, as the IPM 

seems to elicit the most promising results with regard to instrumental conditioning: While 

keeping anger as the high-dominance expression may be a good idea, the neutral expression 

could be  replaced by the clearly submissive surprise expression which in addition does not 

carry any clear-cut implications on the affiliation dimension of the MFT-circumplex (Stanton 

et al., 2010). This should maximize a study´s potential to detect n Power-related effects. 

Using two different emotions as contrasting stimuli in an instrumental conditioning paradigm 

could also rule out the alternative explanation mentioned above that an IPM may only lead to 

a preference for emotional versus neutral faces in general. 

An unresolved question is the development of actual implicit instrumental 

conditioning with regard to motives over time: What is the minimum amount of repetitions of 

learnable content, until motives, especially n Power, exert scaling effects on implicit learning 

when confronted with suitable incentives? Or is there a qualitative effect over time where n 

Power, perhaps in conjunction with other variables, works differently for the early versus the 

later learning stages? Time is important in sequential learning, because of a shift from a 

cortical system acquiring spatial coordinates to another system acquiring motor coordinates 

dominant in the early versus the late learning stages, respectively (Hikosaka et al., 1999). As 

this process involves a shift from anterior striatum and pre-supplementary motor area to the 

mid-putamen and the cerebellar dentate nucleus (Hikosaka et al., 1999), n Power, being 

associated most strongly with the first-mentioned area, may exert a stronger influence in the 
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early learning stages. A first foray into those questions could be provided by interspersing an 

additional test and an additional random block in the middle of the training section. 

5.4.4 Conclusion. 

Overall, for the first time there seems to be evidence of motive influences on actual 

FEE-driven implicit instrumental conditioning effects on implicit learning, especially for n 

Power in conjunction with AI, even in spite of the comparatively small samples of Study 2 

and 3. But as results often depended on gender of the participants or of the FEE-senders, and 

as they were not as robust as I had hoped, further investigation is necessary to arrive at robust 

evidence of a principle for implicit instrumental conditioning effects of implicit motives. 

6. Bridge II – Using the High-Frequency-DILT in a new systematic test of the effects of 

implicit motives on implicit learning 

Now that some evidence for instrumental conditioning effects of n Power on implicit 

learning has been collected, Study 4 will use the findings concerning adaptation of the DILT 

in Study 1 and considerations on intensifying FEE-reinforcement to try to obtain clearer and 

more unequivocal evidence on this topic. While Study 2 and 3 had the  advantage of using a 

neutral FEE as an anchor for estimating the effects of joy and anger, respectively, Study 4 

takes an alternative approach: Using the full MFT-dominance-axis and more frequent 

reinforcement trials, I hope to obtain even clearer support for my main hypothesis. While 

there will be less opportunity to gauge the specific effects of a specific FEE relative to a 

neutral anchor like in Study 2 and 3, documenting effects of n Power on instrumental 

conditioning should be easier to observe. However, my main concern was intensifying 

reinforcement: If contingencies associated with correct or incorrect key presses are delivered 

after every trial, the main limitation of Studies 2 and 3, sparse reinforcement and danger of 

only seldom seeing the correct-contingency if working slightly inaccurately most of the time, 

can be circumvented and there is more opportunitiy for instrumental learning. 
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The fact that n Power in connection with AI repeatedly showed its influence in a 

complex paradigm like the DILT was encouraging, because so many prerequisites had to be 

met, like documenting implicit learning, absence of an alternative explanation in terms of 

explicit learning, as well as finding suitable reinforcers that engage motives and integrating 

them in a paradigm which is usable in standardized lab sessions. To say the least, further 

investigation on this topic seems warranted. However, results were not as clear as predicted. 

While effects of n Power and AI were in line with my predictions only for males in Study 2, 

in Study 3 the effect of n Power and AI emerged only for male senders and in the opposite 

direction as predicted, opening the door to an alternative explanation. I had expected an 

influence of gender and sender gender, but predicted a gender-congruence effect. This effect 

did not interact with n Power in Study 2 and 3 and so these results are puzzling.  

While indications of Gender x Sender gender effects and repeated effects on accuracy 

gain differences in the DILT encourage keeping the previous design in principle, using the 

modifications hinted at above should make Study 4 a robust experiment on my testing-a-

principle endeavor.  

7. Study 4: Scaling effects of motives on implicit learning II – A systematic test of the 

effects of implicit motives on learning efficiency under modified conditions 

7.1 Overview 

The final sub-study finalizes the efforts of Study 1 to construct a task maximizing the 

possibility for detecting implicit motives` effects on instrumental conditioning processes. 

While Study 1 explored modification potential on the side of the SRT-task, Study 4 builds on 

the results obtained to modify the DILT´s FEE-reinforcement properties. Keeping the implicit 

learning paradigm and reinforcement characteristics of the previous studies in principle, some 

changes were made, like modifying FEE-reinforcement with respect to FEE-selection and 

using the whole MFT-dominance spectrum (Stanton et al., 2010), intensifying the sparse 
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sequence-wise reinforcement and, to document that the instrumental conditioning effects 

observed are truly implicit, assessing participants` actual explicit liking for the FEE-stimuli 

which may enhance or reduce their reinforcing properties. Broadening the range of motive 

assessment, a recently developed latency-based measure purporting to measure implicit 

motives, in particular n Power (Slabbinck, De Houwer, & Van Kenhove, 2011; see also 

Slabbinck, De Houwer, & Van Kenhove, 2012, for a version featuring affiliation motivation), 

will be tested for its predictive validity alongside the PSE. Also, given the failure of my 

distractor-manipulation as a dual-task environment in Study 1, I reintroduce a counting task, 

however a visual symbol-counting task (cf. Jiménez & Méndez, 1999; Shanks et al., 2005) 

not requiring headphone usage. The goal of Study 4 is a reliable, valid paradigm for future 

investigations of motives´ instrumental conditioning effects and demonstrating that the 

instrumental conditioning effects obtained here and in previous studies are truly implicit. 

7.1.1 Keeping the DILT-approach in principle.  

Like the previous studies, Study 4 has to demonstrate implicit learning in the first 

place. Then, I test whether there are within-subject differences in implicit learning if correct 

sequence execution in two sequences constructed according to the same principles is 

rewarded and wrong key presses are punished in one sequence while it is the other way round 

for the other sequence. FEEs as highly relevant cues for n Power are kept as reinforcers. 

Building on motive research featuring the SRT (Schultheiss, Wirth, et al., 2005), the 

pioneering DILT-study by Schultheiss, Pang, et al. (2005) and on Study 2 and 3, I thus use an 

established design that can be expected to grab possible influences of implicit motives. 

7.1.2 Temporal development of implicit motives` scaling effects 

Study 1 could not directly address the question when instrumental conditioning effects 

appear in the context of FEE-reinforcement and Study 2 and 3 did not investigate the 

development of actual implicit instrumental conditioning with regard to motives over time. 
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Thus, Study 4 will be the first investigation of the temporal development of implicit motives 

effects on implicit learning, particularly on instrumental conditioning. Using a part of Study 

1´s design, I will intersperse a random-sequence block in the middle of the DILT, this time 

preceded by a fixed-squence test block without FEE-reinforcement. Time does matter in 

sequential learning, for example there seems to be a shift from the dominance of a system 

acquiring spatial to a system acquiring motor coordinates from the early to the late stage of 

learning (Hikosaka et al., 1999; cf. Hikosaka et al., 2002). The associated shift from anterior 

striatum and pre-supplementary motor area to the mid-putamen and the cerebellar dentate 

nucleus (Hikosaka et al., 1999) might imply that n Power should preferentially impact early 

learning stages due to its connection with the dorsoanterior striatum (Schultheiss & Schiepe-

Tiska, 2013). However, I keep an exploratory focus here, as there are no previous findings 

that track down the necessary time frame for or the possibly changed quality of n Power´s 

involvement in sequence learning with growing practice.  

7.1.3 Changes to FEE-reinforcement.  

Unlike the previous studies which were restricted to comparing possible disincentives 

for high-power-individuals, joy and anger FEEs, with the respective neutral expressions, this 

time surprise FEEs provide a clear reward for high-power individuals (or a positive incentive, 

see Stanton et al., 2010) while once again anger FEEs are used as motive-relevant 

punishment. To further maximize the FEEs` (dis)incentive value, surprise FEEs belong to 

senders low in n Power while anger FEEs belong to senders high in this motive, taken from 

the Standardized and Motivated Facial Expression of Emotion pool (SMoFEE; Rösch, 2012; 

see also Rösch & Schultheiss, in preparation-a; Rösch & Schultheiss, in preparation-b) which 

includes this individual differences information for the senders. This way, I hoped to make 

the stimuli appear even more submissive or dominant, respectively: Recent research indicates 

that for example people perceive senders high in n Power as more dominant than low-power 
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senders (Rösch, 2012). As instrumental conditioning strengthens behavior producing 

reinforcers (Weiss, 2014), rewarding correct performance (and punishing errors; C
+
) should 

result in higher learning gains for accuracy than punishing correct performance (and 

rewarding errors; C
-
) and this difference should be scaled by n Power, being more 

pronounced in individuals high in this motive and less pronounced (or in extreme cases, even 

absent) for people low in this motive.  

Selecting surprise as rewarding FEE in a n Power-focused study was straightforward: 

Only fear and surprise are on the lower end of the MFT (Stanton et al., 2010) dominance 

scale and only the latter emotion has the advantage of being on the neutral midpoint of the 

affiliation-axis, making surprise ideal for testing for specific influences of n Power. This 

positioning is explained in terms of surprise being neither hostile nor an appeal for help 

(neutrality on affiliation axis), but indicating that the perceiver may have been able to violate 

the sender´s expectations, indicating an interactional power differential (Stanton et al., 2010).  

Selecting anger as “punishing“ FEE in a n Power-focused study also was 

straightforward, because it conveys the impression of an impending dominance challenge and 

can be regarded as an aversive signal for people high in n Power (Stanton et al., 2010). In 

addition, anger was the emotion of choice because joy. the other high-dominance FEE, may 

induce conflicting feelings for high-power individuals if n Affiliation is also high (Stanton et 

al., 2010) and may not be suitable as punishment on a general level due to a somewhat 

positive quality due the social meaning it confers (cf. Keltner & Haidt, 1999).  

Therefore, using clear reward versus punishment structures should be an ideal 

approach to detect implicit motives´ scaling effects in positive and negative directions. 

7.1.4 Intensifying reinforcement.  

Reacting to my supposed limitation to Studies 2 and 3 regarding rather strict 

reinforcement criteria and the possibility that some participants may not have seen the face 
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following perfectly accurate performance frequently enough for instrumental conditioning 

effects to occur, I introduce the High-Frequency-DILT (HF-DILT). Study 4 explores how 

continuous, trial-wise instead of sequence-wise reinforcement influences learning gains, in 

particular if there is a boost or decrement in accuracy performance dependent on contingency. 

It will be interesting to observe how such massed reinforcement will influence predictive 

power of implicit motivation measures. As the previous studies both showed that FEEs 

presented for 180 ms were discriminable on a conscious level, I simultaneously shortened 

FEE-presentation to 17 ms to keep the reward contingencies unobtrusive and implicit despite 

the massed reinforcement. Given that Schultheiss, Pang, et al. (2005) even used a 12-ms-

condition, I still expected the hypothesized effects to emerge. 

7.1.5 Liking for reinforcers.  

Another unexplored issue in DILT research are possible effects of an individual´s 

liking for reinforcers used on scaling effects of motives. If a participant “likes” the 

reinforcers of the anger or the surprise category in a very strong way, respectively, are her or 

his instrumental actions to attain these categories more pronounced? This may be expected as 

(dis)pleasure may be viewed as “common currency” for deciding which behaviors an 

organism pursues (Cabanac, 1992, p. 173). And, as motives are affect amplifiers, can I 

document the validity of my study-specific FEE-selection by showing that liking for 

reinforcers is correlated with the strength of an individual´s n Power? To differentiate 

between liking per se and possible liking changes after repeated exposure in an instrumental 

learning context, I assessed liking immediately before and a short time after the DILT.  

However, like the motivation/wanting dimension, the emotion side of the reward 

concept can be parsed into an implicit (implicit affect or objective affective reactions) and an 

explicit part (subjective affective reactions), too (Berridge & Robinson, 2003b). As liking 

was not my main focus, I chose a rough-and-ready explicit liking measure, picture ratings and 
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a Likert-scale (unpleasant – pleasant). This measure was not expected to impact on implicit 

motives` influence on FEE-effects on implicit learning due to the non-match between levels 

in the reward framework (Berridge & Robinson, 2003b) – however it may be apt to document 

that instrumental conditioning effects are truly implicit if no pattern of associations emerges.  

7.1.6 Predictive validity of a new implicit motive measurement-attempt.  

The pictorial attitude Implicit Association Test (PA-IAT; Slabbinck et al., 2011) is a 

new attempt at measuring implicit motives. I further tested its convergent validity with the 

established PSE as well as its predictive validity concerning motive-driven scaling effects on 

implicit learning. As conceptual correspondence to PSE-based measures is achieved via use 

of pictures which were in addition pretested for their correspondence to descriptions of n 

Power (Slabbinck et al., 2011) I expected this measure to correlate with PSE n Power-scores 

and to predict individual differences in implicit learning. 

7.1.7 Overview of the present study. 

Like Study 2 and 3, Study 4 was designed to systematically assess implicit motives` 

effects on instrumental conditioning in an implicit learning paradigm. I used the findings of 

Study 1 and trial-wise reinforcement to create the HF-DILT and reinforcers taken from the 

SMoFEE-pool. The HF-DILT was designed to try to increase the DILT´s capacity to detect 

shaping effects of implicit motives on implicit learning processes. Again, the PSE was used 

as a measure of implicit motives. 

The DILT was modified in various ways. First, the whole FEE-dominance-spectrum 

of MFT was used this time, using anger like in Study 3, but replacing neutral by surprise 

expressions to obtain a reward for power-motivated individuals. Second, FEE-stimuli were 

not taken from the NimStim-pool, but from the SMoFEE pool, which includes data on the 

senders´ implicit motives. Third, instead of making FEE-feedback dependent on correct or 

incorrect execution of whole sequences, feedback was provided by very brief FEE-exposure 
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after every sequence-relevant trial. Thus I hoped to create stronger reinforcement effects 

which might even be observable after fewer repetitions than in the two previous studies with 

actually performance-contingent feedback. However, this trial-based approach still requires 

that participants make enough errors to be exposed to the different FEE-contingencies with 

sufficient frequency, respectively, for instrumtenal-conditioning effects to occur and thus, 

lacking predecessor studies in this thesis with trial-wise reinforcement, changing 

reinforcement-frequencies was explorative. Additionally, I investigated the temporal 

development of motive-dependent scaling effects on instrumental conditioning by using two 

time points for negative-transfer-assessment. If the DILT is to be counted among the 

methods-of-choice-paradigms in testing motives´ influences on instrumental conditioning in 

the future, a clear effect of n Power should emerge in Study 4´s modified paradigm. 

First of all, again implicit learning has to be documented. Above that, social learning 

effects  (cf. Keltner & Haidt, 1999) based on the general differential interactional meaning of 

surprise (Stanton et al., 2010) and anger (cf. Hess et al., 2000; Knutson, 1996) on DILT-

performance are possible, but not a necessary prerequisite for investigating scaling effects of 

n Power, as this motive might be behind a large deal of the actual (dis)incentive values of 

FEEs to an individual (cf. Stanton et al., 2010). 

Based on MFT, anger is a highly dominant FEE and a disincentive to power-

motivated individuals while the opposite is true for the submissive surprise expression. My 

main prediction is that people high in PSE n Power will show better implicit sequence 

learning accuracy gains (Hypothesis 4.1) on sequences where correct key presses were 

rewarded by surprise and errors punished by anger FEEs compared to sequences where errors 

were rewarded by surprise and correct key presses punished by anger FEEs (motive-driven 

scaling effect on reinforcement-dependent implicit learning differences). This effect will be 

weaker for persons low in n Power. As anger should be generally aversive because of its 
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negative valence and in this context because it is inferior to surprise in terms of positive 

valence (Rösch et al., 2013), there might be a general relative implicit learning accuracy 

advantage of the surprise- compared to the anger FEEs as reinforcers for correct sequence 

execution regardless of participants´ motive configuration, too.  

AI enters my analyses, as IPM comprises a more socially accepted and adaptive 

expression of n Power (Rösch et al., 2013) and thus might further strengthen the negative 

effects of anger as a dominance threat versus the positive effects of surprise, which is a low-

dominance expression in MFT that in itself may be negatively valenced, too, but less so than 

anger (Rösch et al., 2013). Thus the predicted effect for n Power should emerge even clearer 

in an IPM context (Hypothesis 4.2). Analyses further include sender and participant gender, 

because of possibly different social meanings conferred by same-sex or opposite-sex anger 

and especially surprise (cf. Schultheiss, Pang, et al., 2005), respectively, which might 

influence effects observed in Study 4. The unexpected non-robust positive conditioning 

results for male anger as a reward in an IPM-context in Study 3 underscores the importance 

of again including perceiver and sender gender. Also, perhaps using surprise as a clearly low-

dominance contrast to anger is more apt to reveal possible gender congruence effects in the 

context of n Power: If dominance hierarchies are really more important within-gender, same-

sex anger should pose an even stronger dominance incentive than opposite-sex anger (cf. 

Stanton et al., 2010). Also, surprise may be more rewarding within-sex, because the MFT-

dominance-axis is more important here (cf. Stanton et al., 2010), while for opposite-sex 

contexts it may signal that one has alienated a potential mate (Schultheiss, Pang, et al., 2005). 

While I do not propose that effects should be absent for opposite-sex constellations, I have to 

consider gender and sender gender in all analyses to arrive at a complete picture. 

Explorative testing comprises n Affiliation, too. Given the relevance of anger as a 

disincentive to n Affiliation that might be expected based on MFT versus the neutrality of 
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surprise on the affiliation axis, I also predict somewhat better accuracy gains for people high 

compared to low in n Affiliation, on sequences where correct key presses were rewarded by 

surprise and errors punished by anger FEEs compared to sequences with the opposite pattern.  

Further explorative testing includes the PA-IAT: Enhanced or hampered implicit 

learning should be caused by a high implicit power-motive. Building on the encouraging 

convergent and predictive validity data reported by Slabbinck, De Houwer, and Van Kenhove 

(2013), I expect effects similar to the ones for PSE n Power for the PA-IAT. Further, PSE and 

IAT should be correlated. A completely explorative approach was taken regarding the liking 

measure and the temporal development of the effects. 

I further predict that these effects will not be influenced systematically by possible 

simultaneous explicit learning in terms of explicit sequence Reproduction and Recognition. 

7.2 Method 

7.2.1 Participants. 

There were only few exclusions in Study 4 (name on HuMAN-Lab server: “Implicit 

learning 2” or IL2): There were 101 participants scheduled for experimental sessions, but one 

participant aborted the experiment at its beginning, realizing that he already had completed 

similar tasks. From 100 participants completing the experiment, one reported impaired color 

vision and was excluded. All remaining participants completed all PSE stories and exceeded 

minimum PSE-length (i.e. more than 180 words distributed over the six pictures). All 

participants had potential for learning, as no one got all relevant trials right (maximum = 

11.95), but three participants exceeded the 12%-criterion of overall errors in the DILT (i.e. at 

least 10.56 correct key presses on average), leaving a net sample of 96 participants with an 

acceptable average overall DILT-performance (M = 11.46, SD = 0.27) and PSE- length (total 

word-count; M = 563.72 words, SD = 140.35).  
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The final sample consisted of 50 females and 46 males. Psychology majors or persons 

who already had participated in a study of the HuMAN-Lab were not allowed to participate. 

Participants were recruited by posting an announcement for a study on “Motivation and 

perception” in local, mainly student Facebook groups of Erlangen, especially the general 

FAU (Friedrich-Alexander University) group as well as those specific to sociology and 

mechanical engineering. Participants were paid 15€ for their participation. Their age ranged 

from 19 to 30 years (M = 22.36, SD = 2.60). Participants were roughly evenly distributed 

between experimental conditions, with the four possible combinations of color-face-

contingency and sender gender featuring between 23 and 25 participants each. Eighty-eight 

participants were native speakers in German, while eight reported other native languages. 

With regard to non-native speakers of German, their ability to properly work on the 

language-based PSE was considered present because of their ability to adhere to instructions 

throughout the test and because they met the two inclusion criteria based on the PSE itself.  

While again using the 12%-cut-off criterion for overall DILT-performance, I repeated 

main analyses with less strict criteria and without this criterion, even if only three DILT-

based exclusions emerged. Further a-priori exclusions of for example outliers were not 

justified on theoretical grounds, as all cases now were valid data points according to my 

selection criteria. However, in case of whole-sample-outliers in the analyses below, I will 

report how they affected results. 

7.2.2 Design 

Study 4 had a similar design as studies 2 and 3, but this time two emotions, surprise 

and anger, intended to provide clear n Power-relevant positive reinforcement versus 

punishment, respectively, were contrasted instead of an emotion and a neutral face: 2 

(reinforcement-contingency: C
+
/Positive reinforcement - surprise - for correct performance & 

punishment – anger - for errors vs. C
-
/Positive reinforcement - surprise - for errors & 
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punishment - anger - for correct performance) x 2 (sender gender: female vs. male) x 2 

(perceiver gender: female vs. male) x 2 (testing block: T1, T2) design. Again varying sender 

gender and the balance factor “specific sequence”, there were four versions of the experiment 

like those specified above (male set/blue-C
+
, male set/yellow-C

+
, female set/blue-C

+
 and 

female set/yellow-C
+
), but this time I pre-specified that each had to include 25 participants, of 

which 12 or 13 each had to be female. The two testing blocks (T1, T2) were varied within-

subjects and used to test some additional questions. Aside from that, the design of Study 4 

was identical to that of the two previous studies. 

7.2.3 Apparatus 

The same rooms and the same equipment as in Study 1 were used. Due to a lab-wide 

downgrade to Inquisit 3.0.4, programming, compatibility checks and adaptation of the 

modules were done in this version. As there were compatibility problems for the DILT, it was 

adapted to a new version of Inquisit (4.0.2). All modules were run in Inquisit 3.0.4 during 

testing, except for the DILT, which was run in Inquisit 4.0.2. 

7.2.4 Procedure 

Data was collected in March and April 2013 at the HuMAN-Lab in Erlangen, 

Germany, by one research assistant and two bachelor candidates who used parts of the data 

from specific modules of the experiment for their theses (Herbig, 2013; Schnabel, 2013) 

featuring different research questions than the ones reported here. The whole experiment 

lasted about 1.50 hours and participants were paid 15.00 € for their participation. The testing 

procedure was, aside from more and differing experimental modules, largely identical to the 

one of Study 1. A maximum of nine participants was tested in a single session. 

Order of tests was the same for each participant. Implicit motive measures were 

administered before explicit ones, with the PSE presented first (Schultheiss & Pang, 2007) 

followed by the PA-IAT. Two explicit motive measures not analyzed here were included: A 
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short version of the Unified Motive Scales (UMS-6; Schönbrodt & Gerstenberg, 2012) 

preceded the Picture Story Exercise-Questionnaire (PSE-Q; Schultheiss, Yankova, et al., 

2009). Immediately before the DILT, the first explicit liking assessment was inserted to allow 

for uncontaminated explicit evaluation of the FEE-stimuli before being exposed to them in 

the reinforcement- and color-contingencies of the DILT. Because these contingencies varied 

by experiment version, administering the first explicit liking assessment before the DILT was 

necessary to avoid different pre-experiences with the stimuli. The DILT was followed by the 

explicit learning checks (Open Question, Reproduction, Recognition) and a forced-choice 

face discrimination task. Then the explicit liking evaluation of the FEE-stimuli was repeated 

to investigate possible differences between rating pictures before or after exposure in the 

main experiment and to get a clue as to when explicit liking for FEEs has to be assessed in 

learning experiments for valid results to emerge. Demographic questions including the same 

question on color vision like in Study 1 marked the end of the experiment. An on-screen-

instruction prompted the participant to contact the experimenter.  

7.2.4.1 Implicit motives. 

The PSE and the accompanying instructions (German translations) were mainly 

equivalent to the ones in Study 2 and 3 with the following modifications: The picture cues 

Bicycle Race and Girlfriends in Café with Male approaching were omitted, pictures were all 

presented in a height of 22 cm each, with resized width thus varying around 16 to 32 cm, 

depending on picture format. Standard guiding questions were presented below, not above, 

the pictures and above the first question, the sentence “Please write a story about the picture 

you have just seen in the empty window.” and, after the last question, another question “How 

will the story end?” were inserted, respectively. During the warning 20 seconds before time 

elapsed, participants were not only warned and told to prepare for the next picture, but to 

finish the current sentence and then move on to the next picture. 
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While Study 4 focused on n Power, I nevertheless refrained from using a PSE 

optimized primarily towards assessing this motive i.e. using pictures with high-pull 

characteristics for n Power (see Schultheiss & Pang, 2007). Using a standard six-picture-PSE 

(Pang & Schultheiss, 2005) allowed me to adequately check for possible n Affiliation effects, 

too, as especially anger may pose a disincentive for this motive, too (for details, see Study 3).  

Stories were coded by two certified coders who had previously achieved the reliability 

criterion of 85% agreement with an expert scoring of coder calibration materials (Schultheiss, 

2009). Again, all three motives were coded, but only n Affiliation and n Power are examined 

here. Again the running text system (Winter, 1994) was used for PSE coding. Procedures for 

scoring n Affiliation and n Power were the same as in Study 2 and 3, with the following 

exceptions: Besides regular coding with, for example, the two-sentence-rule intact, a new set 

of coding rules was applied that had been devised by the HuMAN-Lab-Team (Roch, 2013). 

For lack of a clear denomination until now, this mode of coding is called extended coding 

here, and instances coded in addition to “regular” coding instances carry an “x” as a suffix 

(e.g. aff4x). This procedure allowed for assessing standard coding scores and extended scores 

in parallel. In extended coding, every sentence is scored for motive imagery, omitting the 

two-sentence-rule, and even several subcategories of the same motive (e.g., aff1 and aff4) are 

possible in one sentence, as long as each subcategory is coded only once per sentence or the 

same subcategories are separated by a coding instance of another motive. Also sentence 

endings are defined more flexibly: Besides a period, other possible indications of a 

terminated sentence (e.g. “;”, “…”, “-“) can be defined as such, as long as the unit of words 

created by such a procedure constitutes a meaningful, complete sentence on its own. 

Raw motive scores for classical and extended coding were nearly perfectly correlated 

(raff = .97, rpow = .98, ps < .00000001; raw scores for n Affiliation were square-root 

transformed prior to computation because of deviation from normality for both scoring 
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methods, respectively), indicating no disadvantage or additional error sources when using the 

new method. The coders achieved high interrater reliabilities (raffx = .94, rpowx = .88; Winter: 

raff = .90, rpow = .87) and thus final scores were determined by averaging the scores of both 

coders. All analyses below are based on the scores obtained by extended coding, because it 

prevents unnecessary loss of valid motive imagery caused by the two–sentence rule and 

should enable more fine-grained motive diagnostics when analyzing PSEs (Roch, 2013). 

Transformations on PSE data are described in the results section. 

7.2.4.2 Implicit motives 2 - Pictorial Attitude Implicit Association Test (PA-IAT). 

The PA-IAT for n Power is described by Slabbinck and colleagues (Slabbinck et al., 

2011; Slabbinck et al., 2013) and programming, stimuli and the data preparation script were 

supplied by the first author. Basically, it is a variant of the standard IAT (Greenwald, 

McGhee, & Schwartz, 1998), and the target categories use the evaluative labels “attractive” 

and “not attractive”, whereas the picture categories represent “power”-, for example a man in 

a suit with clenched fists leaning over a conference table, or non-power-stiuations, for 

example people of various age (probably a family) walking hand in hand (cf. Slabbinck et al., 

2013). To gauge its predictive validity for the DILT and its convergent validity with the PSE, 

I ran an exact replication of the task, except for the following modifications: Task and 

instructions were translated to German, leading to the word categories “ATTRAKTIV” 

versus “NICHT ATTRAKTIV” (attractive versus not attractive) and the picture categories 

“Macht” versus “Keine Macht” (Power versus non-power) and the translated item lists were 

NETT, FREUNDLICH, ANGENEHM, GROßARTIG, ENTZÜCKEND, and ANSTÄNDIG 

(nice, friendly, pleasant, great, lovely, and decent) for “ATTRAKTIV” and GRUSELIG, 

UNANGENEHM, BÖSE, UNVORTEILHAFT, ÄRGERLICH, and UNGEWOLLT (creepy, 

unpleasant, nasty, unfavorable, annoying, and undesired) for “NICHT ATTRAKTIV”. The 

task was introduced as category sorting task and instructions were embellished, for example 
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by visual instructions on finger placement on the keyboard. No changes were made to the 

actual task. The PA-IAT was scored using the improved algorithm (Greenwald, Nosek, & 

Banaji, 2003), with higher scores reflecting higher n Power. The measure had a good split-

half reliability of r = .85 (cf. Slabbinck et al., 2013).  

7.2.4.3 Explicit liking for the FEE-stimuli – first administration. 

To assess explicit liking for the FEE-stimuli featured in the DILT, I presented the 12 

female (conditions female set/blue-C
+
 and female set/yellow-C

+
) or male (conditions male 

set/blue-C
+
 and male set/yellow-C

+
) faces, six displaying anger and six displaying surprise 

each, one at a time in random order accompanied by a single-item rating scale. Participants 

were asked to make spontaneous judgments and told that there were no right or wrong 

answers. FEEs were shown in a window of 20 cm in width and 22 cm in height until a 

response was made, and below the window I placed the sentence fragment “I perceive this 

facial expression as…”. The response was made with a mouse click on a number on a five-

point Likert-scale below the question: 1 = fairly unpleasant; 2 = rather unpleasant; 3 = 

neutral; 4 = rather pleasant; 5 = fairly pleasant. Scores derived from those ratings were 

averaged across the six anger-pictures (Cronbach´s α = .77 for the female, .63 for the male 

set) and the six surprise pictures (Cronbach´s α = .78 for the female, .80 for the male set), 

respectively, to derive an index of explicit liking for those picture categories, respectively. 

7.2.4.4 High-Frequency Differential Implicit Learning Task (HF-DILT). 

The HF-DILT was modeled after the one in the 12-element condition without 

distractors in Study 1, with the following modifications: Dots were programmed as circular 

shapes, but adjusted to equal the size of those in Study 1 (5 mm in diameter). The mask, 

spanning the whole screen height, was continuously visible in the background (only 

interrupted by response trials and a subtle flashing on the onset of consecutive trials) during 

the HF-DILT to make trial-wise reinforcement more unobtrusive. Thus, the dashes below the 
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dots were dropped, and dots were presented in the center of four black circles of 2.25 

cm in diameter, position equal to the respective target dots)  to make the dots clearly 

discernible in the context of the mask. The inter-stimulus interval was extended to 300 

ms for more effective FEE-erasing and to correspond to related research (e.g. 

Schultheiss, Pang, et al., 2005; Schultheiss, Wirth, et al., 2005). The inter-stimulus 

interval consisted of a response trial of 17 ms
17

 immediately after a key press, in 

which, depending on performance, a surprise or an anger FEE was shown, or the mask 

during non-reinforced trials, respectively, followed by 283 ms before the next dot´s 

appearance where again only the mask with the black circles inserted was presented 

(see Figure 7.1 for an illustration). Dots were presented slightly higher this time, at 

37% screen height (measured from the top of the screen), to place them as close as 

possible to the average height of the FEE-senders` eyes, to make gaze direction 

towards the perceiver of the briefly flashing stimuli as clear as possible, as FEEs are 

probably stronger incentives when directed at the perceiver (see Adams & Kleck, 

2005, for research on gaze direction and dominance-relevant emotions like anger or 

joy; cf. Stanton et al., 2010). This was not achieved with perfect accuracy due to the 

varying physiognomy of the posers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
17

 While Schultheiss, Pang, et al. (2005) used 12 ms, extending FEE-presentations to 17 ms was done due to 

screen refreshing rate requirements imposed by the hardware used in Study 4. 
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Figure 7.1. Illustration of the HF-DILT screen arrangement. Pictures show a trial in which 

participants have to react to the dot´s position, followed by FEE-reinforcement (17 ms, 

female surprise-sender depicted as an example) and an interval showing only the mask and 

the black circles before the next dot´s appearance (283 ms). Please note: This figure is for 

illustration purposes only and element proportions may thus have been adjusted, for example 

dot size has been increased here to make it clearly visible in this scaled-down version. As 

some of the SMoFEE-participants (Rösch & Schultheiss, in preparation-a) whose pictures 

were involved in generating the mask in Study 4 had not given their consent to the 

publication of their picture material, I used the mask from Study 2 and 3 for this illustration. 

 

Instructions and practice trials. Instructions and practice trials were equivalent to 

those in the 12-element-condition without distractors in study 1, except where otherwise 

stated. Participants were told that dots could appear in blue or yellow. The continuous 

presence of the mask composed of parts of human faces was explained in terms of human 

faces requiring attention and participants were asked to nevertheless stay focused on the task. 

An instruction picture showing dots and dashes was changed as to show the four black 

circles, a dot and the mask surrounding these stimuli.  

Additionally, participants were asked to count white triangles like the one depicted on 

a sample picture that would replace the dot at random times during the task and that they 

would be asked to report the number of triangles they had seen. The practice block´s length 

was extended to 28 random-sequence-trials, 14 per color, with the second trial on the blue 

and the 13th trial on the yellow sequence featuring the white triangle instead of the dot in a 

random position. To keep the criterion of correct trials on a given color equal to Study 1, 

triangle-trials did not count towards the computation of practice performance. Participants 

completely unable to meet the criterion of not exceeding a maximum of one error on the 
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regular trials (corresponding to the 12% error-criterion) on both sequences had thus 

completed 168 practice trials before entering the main test. At the end of the practice-

block, participants were asked by Inquisit how many triangles they had seen and 

entered their response in a text box on the screen. Aside from these changes, the 

practice block was identical to the one in the 12-element-condition without distractors 

of Study 1. Finally, participants were reminded to count the triangles as well as 

possible in the main experiment, too, as they would be asked at the end of the 

experiment how many of them they had seen. As the break-trial was dropped because 

of the above reasons, participants were also pre-informed that the task was the longest 

module of the experiment with around 30 minutes duration and that it required some 

patience. To strengthen the implicitness of my approach, this time participants were 

not informed that feedback would be displayed based on their performance like in 

Study 2 and 3.  

Block structure. As in Study 1, one block consisted of 16 sequences, eight blue 

and eight yellow ones. Four blocks of fixed-sequence-presentations with FEE-

feedback (FS) always preceded one block of fixed-sequence-presentations without 

FEE-feedback (FSno; here the response was unconfounded with the reinforcers` 

effects on performance, cf. Schultheiss, Pang, et al., 2005) followed by a block of 

random-sequence-presentations (RS). This structure was repeated two times, creating 

a 12-block-structure: 4 FS / 1FSno / 1RS / 4 FS / 1FSno / 1RS, and the two identical 

structures are henceforth called T1 and T2, respectively. Thus, participants had 

worked on each of the two fixed sequences paired with FEE-feedback 32 (T1) or 64 

(T2) times before being tested on the respective FSno vs. RS-Block. The FSno-blocks 

were necessary to get an uncontaminated index of fixed-sequence-performance 

compared to a random sequence after training without continued learning on FEEs 
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and corresponding effects of reward or punishment. I chose to keep one interspersed random-

sequence-block for another attempt to determine the time when robust implicit learning 

emerges and, more importantly, to get a clue when FEE-training effects are first observed. No 

break-trial was inserted in the HF-DILT.  

Reinforcement contingencies. In the training blocks (FS), FEEs were shown according 

to reinforcement contingencies while trials in the test- (FSno) or random-sequence-sections 

or the random trials preceding 12-element-fixed- or –random sequences were always 

followed by a mask-trial only, irrespective of performance. Massed trial-wise reinforcement 

was used in the HF-DILT instead of sequence-wise reinforcement like in Study 2 and 3. If a 

participant pressed the correct key on a given trial, this was followed by the respective 

contingency for correct execution while an error always was immediately followed by the 

contingency for inaccurate execution. There were four conditions, two containing FEE-

pictures of male and two of female senders. In one condition for each gender, correct trial-

execution was always followed by a surprise-FEE for the blue versus an anger-FEE for the 

yellow sequence (and errors by an anger- versus a surprise-FEE, respectively), while it was 

the other way round for the other condition of the same gender respectively. 

FEE-stimuli. Like in Studies 2 and 3, emotions were displayed by six posers, 

respectively. FEE-pictures were taken from the standardized pool (high-resolution version) of 

the SMoFEE stimulus set (Rösch, 2012) according to the following conditions: For anger 

displays, the ten females and the ten males with the highest n Power scores from the set were 

identified, and for surprise displays, I did the same for the posers scoring lowest on this need, 

respectively. To simultaneously use slides with sufficient emotional intensities, from the ten 

posers for a given gender-emotion combination, the six with the highest intensity rating (cf. 

Rösch, 2012) were used for the HF-DILT, respectively. Anger expressions (mouth closed) 

were - s25: 0107, 0202, 0407, 0603, 0706, 1001 for the male anger set; 0204, 0506, 0901, 
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1002, 1105, 1204 for the female anger set. Surprise expressions (mouth open) were - s31: 

0103, 0105, 0405, 0601, 0606, 1205 for the male surprise set; 0301, 0304, 0502, 0806, 0902, 

1201 for the female surprise set. The mask was a rectangle presented across the whole screen 

height (height: 29.61 cm; width male mask: 22.87 cm; width female mask: 24.30 cm; starting 

point of mask construction was the widest face of the respective subset) composed of a slide 

with randomly mixed fragments of the neutral expressions (mouth closed) of all 12 posers of 

the respective set´s gender (s52: 0107, 0202, 0407, 0603, 0706, 1001 0103, 0105, 0405, 0601, 

0606, 1205 for the male set; s52: 0204, 0506, 0901, 1002, 1105, 1204, 0301, 0304, 0502, 

0806, 0902, 1201 for the female set). Pictures were presented across the whole screen height 

and thus identical in height to the mask (width specific to respective poser´s physiognomy, 

face visible from cheekbone to cheekbone and from hairline to chin; for these and other 

parameters cf. Schultheis, Pang, et al., 2005). In contrast to Study 2 and 3, due to my sender-

motive- and intensity-specific considerations there were different posers for different FEE-

categories, for anger, and surprise respectively. Picture slides were drawn randomly from 

their respective FEE-category-list, but not repeated until all other pictures from the respective 

list had been shown at least once. 

Visuomotor sequences. The sequences (as well as the fake sequences and fragments 

featured in Recognition) included 12 stimuli and no distractors. They were identical to the 

ones used in the 12-element-conditions of Study 1. 

Dual-task environment. As the asterisk-distractor had been ineffective at optimizing 

accuracy gains in Study 1, I re-introduced a counting-task to distract participants, but avoided 

headphone usage by using a visual instead of an auditory stimulus (cf. Jiménez & Méndez, 

1999; Shanks et al., 2005). Participants were required to count the number of filled white 

triangles that sometimes appeared instead of a dot and to report their total number at the end 

of the experiment. They were told that the triangles would appear at random, but actually, to 
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aovid varying target color within the sequences, the random first trial before a sequence 

featured a white triangle instead of a dot (0.95 cm wide and 0.59 cm high; with the same 

restriction on fixed sequences that its position could not be identical with the starting point of 

a given sequence) at a probability of 33% to generate a random impression. Due to the 

omission of a break-trial, participants were asked by Inquisit only once at the end of the HF-

DILT, how many triangles they had seen and entered their response in a text box on the 

screen. A white stimulus was chosen because of its good visibility on the black circles on 

which it was presented and to reliably associate blue and yellow with the respective fixed 

sequence to avoid interference of the counting-task with the negative transfer effect. 

7.2.4.5 Checks for explicit learning. 

The Open Question and Reproduction were identical to the respective tasks in the 12-

element-conditions of Study 1. This was also true for Recognition, but here some changes 

were made: To provide better orientation, the text above the five-point scale (paraphrased in 

Study 1´s description) was replaced by the short question “Was this one of the sequences 

shown?” or “Was this a fragment of the fixed sequence?” and this question was continuously 

visible during pattern presentation. To make automatic presentation more similar to actual 

testing conditions, each dot was shown for 400 ms and the interstimulus interval was 

extended to 300 ms, thereby corresponding to the interval used by Schultheiss, Pang, et al. 

(2005). 

7.2.4.6 Forced-choice face discrimination Task. 

Like in Study 2 and 3, a forced-choice discrimination test was used, this time to assess 

if participants were able to discriminate between reinforcement-trials featuring anger or 

surprise FEEs on an explicit level. The task was identical to the one in Study 2 and 3, except 

for the following modifications: Instructions were presented in German and changed from 

emotional and neutral to anger and surprise. After the fixation cross, participants saw either a 
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surprise or an anger face from the DILT (female or male set, depending on condition), with 

17 ms exposure duration and with height stretching over the whole screen height (same size 

and duration as on the DILT) followed by 34 ms of blank screen to erase the stimulus and 

then the mask shown for 249 ms (to achieve the same inter-trial-interval as on the DILT). 

Erasing was necessary, as the FEEs in this module were contained in the same Inquisit-trial 

as the choice-screen, while they could be presented as a separate 17-ms-response-trial in the 

main task. Then a screen headed by the question “Which of the faces was shown before the 

mask?” (see Study 2 and 3) appeared and below an anger and a surprise FEE from the DILT 

was shown in the left and the right half of the screen, respectively, in boxes of 22 cm in width 

and 20 cm in height. The “wrong” FEE was selected randomly from the other emotion´s 

picture pool on each trial, with the restriction that the same wrong FEE was not repeated 

during the task. A post-trial-pause of 500 ms was inserted between trials to facilitate 

concentration on the following trials, respectively. This procedure possibly overestimated 

conscious stimuli discriminiation, as the participants had already seen the respective FEEs in 

the first explicit liking assessment before entering the DILT and thus may have had an 

advantage in discriminating them from the start because they only had to recognize them. 

7.2.4.7 Explicit liking for the FEE-stimuli – second administration. 

The second explicit liking assessment was identical to the first one. In the instructions, 

participants were informed that they would see the 12 pictures once again and asked to rate 

them again. While scoring was identical to the first explicit liking assessments, Cronbach´s α 

was .74 (female set), and .71 (male set), respectively, for the anger faces and .84 (female set), 

and .84 (male set), respectively, for the surprise faces. 

7.2.5 Statistical analyses. 
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While repeated-measures ANOVA was used for documenting implicit learning, 

repeated-measures hierarchical regression was used for testing my hypotheses. For all 

analyses, the statistic software SYSTAT 13 was used. 

7.3 Results 

Statistical analyses were analogous to Study 2 and 3, with the exception as regards to 

content that both FEE-contingencies featured emotional faces, thus replacing the “emotion-

reinforced” with a “rewarded” sequence and the “neutral-reinforced” with a “punished” 

sequence. In addition, the first-step of analysis, the evidence-of-implicit-learning repeated-

measures ANOVA with accuracy (error scores) or speed (RTs) as dependent variables now 

featured two testing blocks, broadening the analytical approach to a 2 (specific sequence: 

blue vs. yellow) x 2 (phase: fixed test-block vs. random sequence) x 2 (block: T1 vs. T2) 

design. This was also true for the second step using the aggregated general model with 

accuracy gain differences (or RT gain differences for checks of parallel effects) as dependent 

variables which again included participant gender (gender: female vs. male) and sender 

gender (female vs. male) as categorical and n Power (or n Affiliation in some additional 

analyses, respectively) and AI as continuous between-subject predictors, but this time also 

(block: T1 vs. T2) as categorical within-subjects factor, making the model a repeated-

measures hierarchical regression analysis. 

7.3.1 Data preparation. 

7.3.1.1 Data transformations. 

If transformation of a variable was necessary, all inferential analyses on that variable 

were run for its transformed version throughout Study 4, even if for some variables 

descriptive statistics are given as untransformed scores for easier interpretability (see below). 

Data-transformations were equivalent to Study 2 and 3, including methods for derivating 

accuracy (and RT) gain differences, PSE-data treatment, or handling of case exclusions.  
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While the procedure for computing accuracy (and RT) gain differences was identical 

to Study 2 and 3, the accuracy and speed gains for this computations were not computed 

separately for an emotion-reinforced and a neutral-reinforced sequence, but for a “rewarded” 

(i.e. correct trial execution followed by a surprise expression; blue for conditions male 

set/blue-C
+
 and female set/blue-C

+
, yellow for male set/yellow-C

+
 and female set/yellow-C

+
)
 

and a “punished” sequence (i.e. correct trial execution followed by an anger expression; blue 

for male set/yellow-C
+
 and female set/yellow-C

+
, yellow for male set/blue-C

+
 and female 

set/blue-C
+
), respectively. My main dependent variables again were accuracy gain 

differences, this time computed by subtracting the gain on the punished sequence from the 

gain on the rewarded sequence. Thus, positive values indicated an instrumental conditioning 

advantage of rewarded over punished sequence while negative values meant that reward was 

inferior to punishment. 

The extended-coding n Affiliation score deviated from normality (W = 0.913, p < 

.00001), and AI was close to significance (W = 0.975, p = .06), but visual variable inspection 

indicated necessary transformations for both variables which were thus square-root-

transformed. For extended-coding n Power, no such transformation was required in Study 4 

(W = 0.980, p = .14). Again, variables were residualized for total word-count (see above for 

descriptive statistics) via regression because of significant correlations with it (ps < .001) and 

later z-standardized.  

Because of deviation from normality on the accuracy criterion for correct trials per 

sequence on all DILT-main-blocks and for both specific sequences, respectively (Ws < 0.96, 

ps < .01), error scores were subjected to the same log-transformation for 12-element-

sequences as in Study 1 to achieve a normal distribution. As deviations from normality also 

occurred for all RT-main-blocks (Ws < 0.974, ps < .05) except for the T1 blue test block and 

the T2 yellow test block (both Ws > 0.974, ps > .05), all RT-scores were again log-
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transformed to keep computations involving the blocks comparable. Again untransformed 

descriptive statistics are reported to ensure comparability to earlier studies. 

A similar approach was chosen for the explicit learning tasks: Reproduction as well as 

the means for real and fake elements for Recognition, whole sequence and fragments alike, 

deviated from normality (all Ws < 0.972, all ps < .04) and were log-transformed, but 

untransformed scores are used for descriptive statistics. Finally, I chose the same procedure 

for DILT-overall accuracy, dual-task-performance (proportional deviation of the reported 

number from the correct number of triangles in the counting task, with a value of for example 

1.00 indicating 100 percent deviation) and age (all Ws < 0.933, ps < .0001). For computations 

involving dual-task-performance, one extreme outlier was removed (655.56% deviation; 

maximum deviation without outlier 66.15%). 

7.3.2 Descriptive statistics. 

Figure 7.2 plots percentage of correct trials and RTs for all testing blocks and hints at 

implicit learning effects reflected in more correct trials or faster RTs on fixed compared to 

random sequences on both test blocks. For accuracy, this effect seems to be more pronounced 

at T2. For better legibility, Figure 7.3 presents the blocks grouped as test sections according 

to their function (training1, test1, random1, training2, test2, random2) showing the average 

performance for each test section. Looking at the effects of reinforcement contingencies 

alone, not only do the error differences between test and random-sequence-blocks appear 

steeper if correct performance on the blue sequence is rewarded, the phase-difference almost 

seems to vanish for the yellow sequence if correct performance is punished and errors are 

rewarded compared to the inverse contingency. So there is at least some visual evidence for a 

general conditioning effect favoring surprise over anger faces regardless of motives.  
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Figure 7.2. Average percent of correct trials (left) and average response times in milliseconds 

(ms; right) per sequence (error bars depicted) for all testing blocks (Tr – Training, Tt – Test, 

Rs – Random sequence) in Study 4. 
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Figure 7.3. Log-transformed error scores (left) and response times in milliseconds (ms; right) 

on fixed and random test sections for all main-blocks (Tr – Training, Tt – Test, Rs – Random 

sequence) in Study 4 (higher values reflect more errors; standard errors are displayed), 

overall (top quarter), by experimental condition (next-to-top quarter), as well as for 

contingency-dependent variations in the blue (next-to-bottom quarter) and yellow sequence 

(bottom quarter), respectively.  
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Table 7.1 

Matrix with means, SDs and intercorrelations of all relevant variables assessed in Study 4 

  M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1. n Pow 5.56 2.89 1.00                                  

2. n Aff 7.85 4.18 .23* 1.00                                

3. AI 5.31 3.02 .10 -.17 1.00                              

4. PA-IAT 0.26 0.43 .16 -.05 -.05 1.00                            

5. DILT-Perf. 11.46 0.27 -.04 -.07 -.03 -.02 1.00                          

6. ∆Acc T1 0.04 0.14 .06 .05 -.08 .04 .15 1.00                        

7. ∆Acc T2 0.08 0.18 .08 -.16 .15 -.04 -.38** -.20# 1.00                      

8. ∆RT T1 12.63 24.13 -.27** -.06 .11 -.29** .09 .11 -.04 1.00                    

9. ∆RT T2 17.46 26.23 -.09 -.08 .08 -.06 .15 .30** -.12 .13 1.00                  

10. Accdiff T1 -0.01 0.38 -.25* -.10 .08 -.05 .00 .05 -.06 .28** .02 1.00                

11. Accdiff T2 0.04 0.38 .08 .05 -.01 .11 -.02 .11 -.02 -.07 -.10 -.03 1.00              

12. RTdiff T1 -2.81 39.69 -.11 -.07 .00 .20# -.06 -.14 .04 -.10 .09 .23* -.03 1.00            

13. RTdiff T2 -1.36 34.10 -.02 -.10 .13 .12 .09 .08 .03 .11 .08 .11 .25* -.02 1.00          

14. Dual-task 0.10 0.13 -.07 .10 -.08 -.02 -.24* .05 .12 .03 -.06 .03 .10 .07 .09 1.00        

15. Repro 0.15 0.07 -.10 -.07 .07 .14 .17# -.17# .05 .01 .06 -.04 .04 -.03 .12 -.02 1.00      

16. Reco(Seq) 0.20 0.85 -.06 .10 .12 -.13 -.02 -.15 .08 -.17# .11 -.16 .04 -.27** .06 .02 .22* 1.00    

17. Reco(Frag) 0.29 0.42 -.13 .03 .06 -.02 .08 .00 -.04 .15 .08 .11 .27** -.06 .19# -.09 .18# .29** 1.00  

18. Age 22.36 2.60 -.05 -.05 -.02 -.09 .11 -.04 .04 -.04 -.10 -.14 -.03 -.14 .03 -.05 .24* .04 -.08 1.00 

19. Gender   -0.12 -2.97** 1.62 1.14 -0.12 -0.38 -1.45 1.01 0.24 0.11 -0.87 0.64 -0.20 0.21a 1.91# -0.47 -0.59 -0.09 

Note. N = 96 (M, SD, correlations and gender-t-statistic for Dual-task based on n = 95 due to exclusion of an extreme value). Descriptive statistics are derived from the raw scores of 

the respective variables, except for ∆Acc T1/T2 and Accdiff T1/T2 which are based on log-transformed error scores, respectively. Correlations and t-statistics are computed for 

transformed variables, which means log-transformation for all other variables, too, except for n Power, n Aff, and AI, which were square-rooot transformed (n Aff and AI only), 

residualized for total word-count and then z-standardized, and for PA-IAT, for which no transformation was necessary. n Pow = n Power (extended coding); n Aff = n Affiliation 

(extended coding), AI = Activity Inhibition; PA-IAT = Pictorial-Attitude Implicit Association Test for n Power; implicit learning measures were derived from the Differential Implicit 

Learning Task (DILT; DILT-Perf. to Dual-task). DILT-Perf. = overall DILT-performance (average number of correct key presses per sequence across all main-blocks and 

blue/yellow); T1/2 = test block 1 or 2; ∆ = learning gains in accuracy (acc) and response latencies (RT), gains were derived by subtracting scores for fixed sequences from those on 

random sequences (log-transformed error scores for acc, response times in milliseconds for RT; higher scores correspond to better learning in both cases); Accdiff/RTdiff = relative 

gain differences; ∆Acc/RT on punishment for correct performance sequence subtracted from ∆Acc/RT on positive reinforcement for correct performance sequence; Dual-task = 

deviation of the reported number from the correct number of triangles in the counting task (a value of 1.00 for example would indicate 100 percent deviation, thus the observed score 

in this table indicates a deviation of 10% on average); Repro = Reproduction (correct SOCs corrected for wrong SOCs produced); Reco = Recognition (Recognition ratings for fake 

subtracted from ratings for real whole sequences (Seq) and sequence fragments (Frag)); Gender = t-statistics for gender differences (t-tests; df: 94).  
a: df = 93, due to exclusion of an extreme value for the t-statistic involving Dual-task only. 

** p < .01. * p < .05. # p < .10. 
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Table 7.1 shows the means, standard deviations and intercorrelations of all relevant 

variables assessed in Study 4. Overall DILT-performance was associated negatively with 

overall accuracy gains at T2, again indicating the need for making errors in the first place for 

learning potential to emerge. DILT-performance also was associated negatively with dual-

task-deviations from exact score, so it seems that following instructions properly on both 

tasks was inter-related. The positive correlation between accuracy gains at T1 and RT gains 

at T2 again indicated that there was no speed-accuracy trade-off. The fact that accuracy gain 

differences and RT gain differences were positively related for T1 as well as for T2, 

respectively, may indicate a general learning effect for surprise versus anger faces on both 

criteria with RT gain differences perhaps benefitting from differential accuracy gains, as 

having learned to perform one sequence more accurately than the other one should also 

enable faster execution of that sequence relative to the other sequence. 

Looking at the awareness-tests, Reproduction was positively related with the other 

awareness tests, with sequence Recognition and marginally with fragment Recognition. The 

two Recognition measures in turn were also correlated, but did not yield consistent 

associations to the DILT-variables: While sequence recognition was negatively related RT 

gain differences at T1, fragment recognition was positively related to accuracy gain 

differences at T2.  

For motives, a positive correlation between n Power and n Affiliation emerged. While 

there were no other systematic associations between n Affiliation or AI and any other 

variable, respectively, n Power was associated negatively with the RT gain at T1, indicating 

that individuals high in n Power in general showed less implicit learning by the speed 

criterion. Also, n Power was associated negatively with accuracy gain differences at T1, 

hinting at a detrimental influence of n Power on the relative accuracy gain in the early stage 

of the experiment. The correlation between the new measure attempting to grab implicit 
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motives, the PA-IAT, and PSE n Power slightly missed trend-level (p = .13). Besides a trend-

level association with RT gain differences at T1, the PA-IAT - like PSE n Power - however 

showed a negative association to RT gains at T1. Again, I found indications of higher n 

Affiliation scores for females (M = 9.53, SD = 4.65) compared to males (M = 6.03, SD = 

2.62), this time highly significant. 

7.3.3 Hypothesis testing. 

7.3.3.1 Evidence of implicit learning and derivation of accuracy differences. 

Like in the previous studies, the negative transfer effect from the test-fixed-sequences 

to random sequences (phase) had to be documented. Again, a disaggregated model was used 

to corroborate my results, with log-transformed error scores as dependent variable, FEE-

contingency, block and phase as within-subject variables, and gender, sender gender, n Power 

and AI as between-subject variables, resulting in a 2 (FEE-contingency: surprise vs. anger 

accuracy reinforcement) x 2 (block: T1 vs. T2) x 2 (phase: test vs. random block) x 2 

(gender: female vs. male) x 2 (sender gender: female vs. male) regression term with two 

continuous predictors, n Power and AI. Again, when obtaining a significant result in the main 

analyses, I compared significance levels at both stages of aggregation 

A Phase x Specific sequence x Block “evidence of implicit learning”-ANOVA on log-

transformed error scores revealed a phase effect (F(1, 95) = 30.84, p < .000001, ηp² = .245, 

fixed overall: M = 0.39, SD = 0.17; random overall: M = 0.45, SD = 0.19), documenting 

stable implicit learning on the accuracy criterion. There was a specific-sequence effect (F(1, 

95) = 24.40, p < .00001, ηp² = .204), indicating less errors on the blue (M = 0.39, SD = 0.17) 

compared to the yellow sequence (M = 0.45, SD = 0.19). Finally, there was a block effect 

(F(1, 95) = 8.79, p < .01, ηp² = .085), with T2 (M = 0.45, SD = 0.21) generating more errors 

than T1 (M = 0.40, SD = 0.16), making longer DILTs appear more desirable in terms of error 

potential. More directly relevant to hypothesis testing, I obtained a marginal Block x Phase 
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interaction (F(1, 95) = 2.82, p < .10, ηp² = .029), and follow-up-analyses indicated that this 

was due to higher accuracy gains at T2 (M = 0.08, SD = 0.18) compared to T1 (M = 0.04, SD 

= 0.14), adding to my recommendation of longer DILTs. For a Specific sequence x Phase 

interaction (F(1, 95) = 12.79, p < .001, ηp² = .119), follow-up-analyses indicated that gains 

were larger on the blue (M = 0.10, SD = 0.17) compared to the yellow sequence (M = 0.01, 

SD = 0.16), so perhaps sequence construction criteria are indeed to be taken into account for 

future DILTs. Neither the Block x Specific sequence (F(1, 95) = 0.01, p = .94, ηp² = .00008) 

nor the three-way-interaction with phase (F(1, 95) = 1.02, p = .31, ηp² = .011) was significant. 

For RTs, I obtained a phase effect (F(1, 95) = 66.75, p < .00000001, ηp² = .413, fixed 

overall: M = 389.70, SD = 51.91; random overall: M = 404.74, SD = 50.71), documenting 

stable implicit learning for speed. Again there was a specific-sequence effect (F(1, 95) = 

9.68, p < .01, ηp² = .092), but for RTs performance on the yellow (M = 394.88, SD = 49.75) 

was better than on the blue sequence (M = 399.55, SD = 51.62). The block effect reemerged 

(F(1, 95) = 90.59, p < . 00000001, ηp² = .488), with T2 (M = 385.29, SD = 47.90) producing 

faster RTs than T1 (M = 409.14, SD = 55.40), most likely reflecting greater general 

familiarity and practice with the DILT with more training blocks completed. The Specific 

sequence x Phase interaction emerged only marginal for RTs (F(1, 95) = 3.68, p < .10, ηp² = 

.037),  but follow-up-analyses again indicated larger gains on the blue (M = 17.73, SD = 

22.07) compared to the yellow sequence (M = 12.35, SD = 23.19). Neither the Block x Phase, 

nor the Block x Specific sequence, nor the three-way-interaction interaction were significant 

(Fs < 2.13, ps > .10, ηp²s < .022). 

At first sight, the yellow sequence might seem methodically inferior to the blue 

sequence. However, checking sequence programming revealed no problems for the yellow 

sequence, and the RT phase-effect was present for blue (F(1, 95) = 68.38, p < . 00000001, ηp² 

= .418) and yellow sequence (F(1, 95) = 30.10, p < .000001, ηp² = .241) alike. Consequently, 
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as I counterbalanced FEE-contingencies between specific sequences, levelling out possible 

color or sequence difficulty differences, I continue with the general model without regard to 

specific sequences. 

A general FEE-contingency x Phase interaction or a FEE-contingency x Phase x 

Block interaction did not emerge in the disaggregated model (log-transformed error scores; 

Fs(1, 91) < 0.34, ps > .56, ηp²s < .004). It seems that instrumental conditioning effects of the 

FEEs per se for accuracy on a general level did not occur in Study 4. 

As phase-effects were present in the evidence-of-implicit-learning model, I created 

accuracy gain scores and after that accuracy gain difference-scores according to the 

procedures described above. The following analyses are only concerned with effects on 

accuracy gain differences, omitting irrelevant effects not concerned with instrumental 

conditioning effects. 

7.3.3.2 n Power. 

Again using hierarchical regression, the aggregated model did not reveal any main 

effects of my predictors gender, sender gender, n Power, and AI on accuracy gain differences 

(Fs(1, 91) < 1.59, ps > .21, ηp²s < .017). Block did not produce a main or interaction effects 

(Fs(1, 91) < 0.52; ps > .47, ηp²s < .006), except for a n Power x Block interaction (F(1, 91) = 

4.97, p < . 05, ηp² = .052). Splitting the model by block revealed that, unexpectedly, n Power 

had a negative effect on accuracy gain differences at T1 (B = -0.10, SE = 0.04, F(1, 91) = 

6.28, p = .01, ηp² = .065). This effect was weaker and positive at T2 (B = 0.03, SE = 0.04, 

F(1, 91) = 0.46, p = .50, ηp² = .005). However, excluding two outliers emerging at T2 

(studentized residuals – 3.65 and 3.42, respectively) did not change conclusions for T1, but 

rendered the expected positive effect at T2 significant (B = 0.08, SE = 0.04, F(1, 89) = 4.73, p 

< .05, ηp² = .050). Thus the predicted positive effect of n Power on the relative accuracy gain 

difference between surprise versus anger reinforcement for correct performance sequence 
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was only obtained for T2 and after excluding two outliers, and even the reverse was true for 

T1. Figure 7.4 plots the relationship between accuracy gain differences and n Power for both 

blocks. Not only when looking at the hypothesis-conform right part of the Figure, but 

especially when considering that finally n Power showed an, albeit block-dependent, direct 

influence on accuracy gain differences, at least partial support for Hypothesis 4.1 can be 

claimed. 

On the level of two-way interactions, I obtained the predicted positive effect of n 

Power x AI (F(1, 85) = 5.26, p = .02, ηp² = .058), but no other two-way interactions, 

including no Gender x Sender gender effect (Fs(1, 85) < 1.48, ps > .22; ηp²s < .018), or three-

way-interactions with block (Fs(1, 85) < 2.50, ps > .10; ηp²s < .029). Figure 7.5 plots the 

overall n Power x AI interaction (average of accuracy gain differences at T1 and T2). The 

predicted positive IPM influence was obtained regardless of gender match and, in contrast to 

the direct n Power effect, regardless of block and thus clearer, supporting Hypothesis 4.2. 

Considering three way-interactions, neither a Gender x Sender gender x n Power 

interaction (and thus also no Gender congruence x n Power interaction) nor a Gender x n 

Power x AI interaction was found (Fs(1, 81) < 2.38, ps > .12, ηp²s < .029). I obtained a 

Sender gender x n Power x AI interaction like in Study 3 (F(1, 81) = 6.32, p = .01, ηp² = 

.072), but this time, when isolating the effect and splitting the sample by sender gender, a 

stronger effect was revealed for female (F(1, 44) = 13.07, p = .001, ηp² = .229) than for male 

senders (F(1, 44) = 0.01, p > .90, ηp² = .0003). Given the conflicting results of Study 3, it is 

advisable to check for a general gender congruence effect first before interpreting this result, 

especially given that visual inspection of Figure 7.6 would suggest that the expected IPM 

pattern appears for both sender genders, though more pronounced for female senders. 
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Figure 7.4. Effects of PSE n Power on the difference between FEE-contingencies at T1 and 

T2 in Study 4. Higher values on accuracy differences indicate an advantage of surprise 

reward/anger punishment over anger rewared/surprise punishment, respectively. Two outliers 

emerging at T2 were removed for both blocks, respectively, to keep graphs comparable. 

Pearson-correlations between n Power and accuracy gain difference were r = -.21 (T1) and r 

= .23 (T2; ps < .05, ns = 94 due to outlier-removal). 

 

 

Figure 7.5. Overall PSE n Power x Activity Inhibition interaction on overall relative learning 

gain (accuracy difference) in Study 4. 

 



183 
 

 

Figure 7.6. Effects for the inhibited power motive by sender gender in Study 4. 

 

Another three-way effect was a Gender x Sender gender x AI interaction (F(1, 81) = 

4.15, p < .05, ηp² = .049). As follow-up analyses were inconclusive (subgroup-Fs < 0.69, ps > 

.40, regardless of split by gender, sender gender, gender congruence, or AI-median) and the 

effect was unpredicted, it will not be analyzed or discussed further. There were no significant 

four-way interactions with block (only an also unpredicted marginal Gender x Sender gender 

x AI interaction x Block interaction which is not analyzed or discussed further, F(1, 81) = 

3.08, p < .10, ηp² = .037; all other Fs < 0.57, ps > .45, ηp²s < .008). 

The Gender x Sender gender x n Power x AI interaction reached trend-level (F(1, 80) 

= 3.23, p < . 10, ηp² = .039), but not the five-way interaction with block (F(1, 80) = 0.004, p = 

.95, ηp² = .00005). Splitting the sample by gender congruence showed indications of a 

stronger n Power x AI interaction for opposite-gender (F(1, 44) = 6.15, p < .05, ηp² = .123) 

than for same-gender faces (F(1, 44) = 1.57, p = .22, ηp² = .034). At first sight it might seem 

as if Study 4 captures relationships between an IPM and gender congruence, but a marginal 

result at this level of complexity is by no means robust. Thus I refrained from further 

speculations concerning this finding that was not in the focus of my hypotheses.  
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7.3.3.3 Explicit awareness. 

Reproduction. On average, participants generated 50.83% percent (SD = 14.76) of the 

correct unique SOCs, with those correct unique SOCs constituting 29.38% (SD = 5.65) of the 

number of unique SOCs generated overall (correct and wrong ones) during Reproduction, 

leading to an adjusted Reproduction score of 0.15 (SD = 0.07; for computation details on 

these scores, see data preparation in Study 1). Again, I checked if the previously reported 

findings were moderated by explicit learning as assessed by Reproduction performance. In 

the main model, only the Sender gender x n Power x AI interaction was marginally affected 

(F(1, 80) = 2.98, p < .10, ηp² = .036), and follow-up-analyses indicated that the effect was 

stronger for above-median (F(1, 41) = 8.86, p < .01, ηp² = .178), than for below-median (F(1, 

39) = 0.57, p = .45, ηp² = .014), performers
18

. Given the number of tests conducted and that 

the only effect moderated was unpredicted anyway (see above), I conclude that there is no 

systematic influence of explicit learning as assessed by Reproduction on my results. 

Recognition. Recognition scores were marginally larger (t(95) = 1.98, p = .05, d = 

0.28) for real (M = 3.16, SD = 0.68) than for fake sequences (M = 2.96, SD = 0.49). Also, 

average recognition scores were larger (t(95) = 6.81, p < .00000001, d = 0.78) for real (M = 

3.19, SD = 0.41) than for fake fragments (M = 2.89, SD = 0.34). Awareness scores for whole 

sequences and fragments were derived by subtracting average rating scores on fake from 

those on real items, respectively, and I checked if the previously reported findings were 

moderated by explicit awareness assessed in those scores. In the main model, moderation of 

the Sender gender x n Power x AI interaction emerged (F(1, 80) = 4.00, p < .05, ηp² = .048), 

with a stronger interaction below-median (F(1, 23) = 8.75, p < .01, ηp² = .276) than for 

                                                           
18

 In this thesis, values at the exact median were always placed in the “above-median” group, leading to 

sometimes slightly differing ns for below- and above-median. This was done mainly to maximize test power in 

the above-median explicit learning groups for the awareness tasks and thus to maximize the possibility to detect 

possible explicit learning influences on my results. 
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above-median awareness (F(1, 57) = 0.00, p = .97, ηp² = .00003)
19

. Finally, the four-way 

Gender x Sender gender x n Power x AI interaction (F(1, 66) = 5.85, p < .05, ηp² = .081) was 

affected, but perhaps due to power issues and the fact that the interaction itself was only 

marginal, above- and below-median subgroup-effects missed significance and neither of them 

was pronounced enough to derive firm conclusions (Fs < 1.32, ps > .20, ηp²s < .027). 

Fragment awareness did not moderate any result in the main model (ps > .10). Given the 

number of tests conducted and the fact that only two moderations emerged for both 

Recognition tests taken together, I conclude that there is no systematic moderation of 

sequence or fragment awareness on the results observed.  

Face recognition. Participants were able to discriminate anger and surprise 

expressions correctly on 56.86% (M = 6.82, SD = 1.78) of the trials which is only slightly 

higher than chance level at 50%. This suggests clearly lower FEE-discrimination than in the 

previous studies. 

7.3.4 Additional analyses. 

7.3.4.1 n Power – RTs. 

For log-transformed RTs, there were no findings paralleling those in my main results.  

7.3.4.2 Usefulnesss of DILT-performance criterion. 

Given the good overall DILT-performance of participants in Study 4, dropping the 

12%-criterion completely would only have meant including three more participants with 

performance scores of 66.91%. 73.71%, 85.31% correct, respectively. This was deemed 

undesirable, not only regarding comparability with Study 2 and 3, but also because test 

motivation of those participants seemed doubtful given such error rates on a simple key-

pressing-task. When repeating main analyses with accuracy gain differences as dependent 

variable without the 12%-criterion, results were changed only slightly. Looking only at 

                                                           
19

 The median-split was unsuccessful for this variable, as the median was exactly zero in the present sample, 

with 21 participants for this score. Thus the respective analyses are not a perfect follow-up-test. However, 
placing the median in the “low” instead of the “high” awareness-group did not change statistical conlusions. 
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affected results, while the more fundamental n Power x AI interaction remained intact, F(1, 

88) = 4.10, p < .05, ηp² = .044), I lost the marginal Gender x Sender gender x n Power x AI 

interaction (F(1, 83) = 2.41, p = .12, ηp² = .028) which I considered not robust anyway. 

Regarding the opposite direction, I chose not to make the criterion even stricter to avoid 

reduced power and unnecessary participant losses (e.g. 9% - 90 individuals left, 6% - 75 

individuals left). In addition, results started to deteriorate at 9% (additional loss of 6 

participants) where for example the n Power x AI interaction dropped to trend-level (F(1, 79) 

= 3.51, p < .10, ηp² = .043) and I lost the marginal Gender x Sender gender x n Power x AI 

interaction (all Fs < 2.62, ps > .11, ηp²s < .034). The 12%-rule of thumb also seemed a useful 

trade-off between inclusivity and data quality in Study 4. 

7.3.4.3 n Affiliation. 

For n Affiliation, there were no significant main or interaction effects for accuracy 

gain differences involving the motive variable. However, a marginal Gender x Sender gender 

x n Affiliation x Block interaction (F(1, 81) = 2.91, p < .10, ηp² = .035) was obtained. As 

there were findings concerning gender congruence and n Affiliation dichotomized at the 

median for Study 3, I used the same split here: As in Study 3, the effect, in this case a Gender 

congruence x Block effect, was stronger for below- (F(1, 46) = 5.54, p < .05, ηp² = .108 than 

for above-median n Affiliation (F(1, 46) = 1.18, p = .28, ηp² =.025) participants. This effect 

narrowed to low-affiliation participants at T1 (B = -0.31, SE = 0.10, F(1, 46) = 9.15, p < .01, 

ηp² = .166), for whom differences between accuracy gain differences for same-sex faces (M = 

0.12, SD = 0.39), for which dominance expressions may be most relevant, versus opposite-

sex faces (M = -0.19, SD = 0.29) were most pronounced. There were no effects for high-

affiliation participants at T1, as well as for high- or low-affiliation participants at T2 (Fs(1, 

46) < 0.76, ps > .30, ηp²s < .016). The effect was not moderated by explicit learning as 

assessed by Reproduction or Recognition (ps > .10). No parallel RT effect emerged (p = .27). 
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7.3.4.4 Explicit liking for reinforcers. 

Explicit liking was assessed as the mean rating of surprise and anger faces as well as 

the difference between them before (L1) and after (L2) the experiment, respectively. As only 

the anger ratings at L1 deviated from a normal distribution (W = 0.96, p < .01, all other Ws > 

0.96, ps > .05), only those scores were log-transformed for the analyses reported below 

(except for forming the –diff-variables that were normally distributed from the outset, Ws > 

0.97, ps > .05). As can be seen in Table 7.2, explicit liking for reinforcers was not associated 

in any way with PSE, IAT, RT gain differences, and most importantly not with accuracy gain 

differences as my basis for hypothesis testing. Above that, an aggregate liking variable (M = 

0.91, SD = 0.59), computed as the aggregate difference between surprise and anger ratings 

averaged across testing blocks, did not systematically moderate main results from the n 

Power and accuracy main model. The only emerging moderation (F(1, 88) = 11.00, p = .001, 

ηp² = .111) pertained to the n Power x AI effect on the accuracy gain difference, with a 

stronger effect for participants with below-median (B = 0.12, SE = 0.03, p < .001, ηp² = .249) 

than for above median (B = -0.05, SE = 0.05, p = .38, ηp² = .018), liking differences, 

indicating that participants with low explicit liking differences between surprise versus anger 

faces show a more pronounced positive effect of IPM on the accuracy gain difference than 

those participants with high explicit liking differences. The ratings themselves were highly 

inter-correlated, for example T1 and T2 measures for both emotions, respectively. In fact, all 

emotion correlations for both assessment times were inter-correlated, with anger at L1 and 

surprise at T2 being the only exception (see Table 7.2).  
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Table 7.2 

Matrix with means, SDs and intercorrelations of explicit liking assessments with PSE, PA-IAT and main dependent variables in Study 4 

  M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. n Pow                               

2. n Aff                               

3. AI                               

4. PA-IAT                               

5. Accdiff T1        see Table  7.1                   

6. Accdiff T2                               

7. RTdiff T1                               

8. RTdiff T2 ---- ---- ---- ---- ---- ---- ---- ---- ----  ---- ---- ----  ---- ---- ----  ---- 

9. Surprise L1 2.60 0.61 .08 .01 .13 -.04 .01 .06 .11 .07 1.00           

10. Surprise 

L2 

2.76 0.65 -.04 -.01 -.02 .13 -.13 -.01 .12 .08 .70** 1.00         

11. Anger L1 1.74 0.45 .01 .01 .00 -.06 -.08 .04 -.05 .13 .33** .15 1.00       

12. Anger L2 1.79 0.43 .00 .05 -.02 .08 -.17 -.09 -.01 .14 .26* .35** .66** 1.00     

13. L1-diff 0.85 0.63 .07 .00 .11 .01 .06 .03 .14 -.03 .74** .58** -.39** -.22* 1.00   

14. L2-diff 0.98 0.64 -.04 -.04 .00 .07 -.02 .05 .13 -.02 .54** .78** -.30** -.31** .74** 1.00 

Note. N = 96. Descriptive statistics for explicit liking measures are derived from the raw scores of the respective variables. Correlations are computed for transformed 

variables, which means log-transformation for Accdiff T1/T2 (based on log-transformed error scores, respectively), RTdiff T1/T2, and Anger L1, as well as square-rooot 

transformion (n Aff and AI only), residualization for total word-count and then z-standardization for n Power, n Aff, and AI, but no transformations were necessary for the 

remaining variables. n Pow = n Power (extended coding); n Aff = n Affiliation (extended coding), AI = Activity Inhibition; PA-IAT = Pictorial-Attitude Implicit Association Test for 

n Power; implicit learning measures were derived from the Differential Implicit Learning Task (DILT; Accdiff T1 to RTdiff T2). T1/2 = test block 1 or 2; Accdiff/RTdiff = Relative 

learning gains; computation: learning gains in accuracy (acc) and response latencies (RT), gains were derived by subtracting scores for fixed sequences from those on random 

sequences (log-transformed error scores for acc, response times in milliseconds for RT; higher scores correspond to better learning in both cases). Then learning gains for on 

punishment for correct performance sequence were subtracted from  acc/RT learning gains on positive reinforcement for correct performance sequence. T1/2 = test block 1 or 2; 

L1/L2 = Average liking ratings before (L1) and after the DILT (L2) for surprise and anger faces; L1/2-diff = difference in liking between surprise and anger faces for test 

blocks 1 and 2, respectively.  

** p < .01. * p < .05. # p < .10. 
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7.3.4.5 PA-IAT. 

The PA-IAT model (identical to the one for PSE n Power, except for replacing PSE n 

Power with IAT Power and omitting PSE AI) failed to produce any main effects, interactions 

or interactions with block for accuracy at any step of hierarchical regression (ps > .10). 

7.3.5 Summary. 

I obtained a n Power x Block interaction: After outlier exclusion at T2, people high in 

n Power showed higher accuracy gains on sequences where correct key presses were 

rewarded by surprise and errors punished by anger FEEs compared to sequences where errors 

were rewarded by surprise and correct key presses punished by anger FEEs (Hypothesis 4.1), 

with T1 showing the opposite effect. Hypothesis 4.1 was partially supported. The predicted 

effect for n Power emerged even clearer for IPM-individuals in a n Power x AI interaction, as 

it was not block-dependent there, Hypothesis 4.2 was supported. A Sender gender x n Power 

x AI interaction indicated that the latter effect seemed to be stronger for female than for male 

senders. Results could draw on robust implicit learning effects and were not systematically 

influenced by explicit learning assessed in the awareness tasks, except for the Sender gender 

x n Power x AI effect. 

7.4 Discussion 

Study 4 like Study 2 and 3 was designed to assess n Power´s effects on instrumental 

conditioning in an implicit learning paradigm. The findings of Study 1 were combined with 

trial-wise reinforcement (HF-DILT) and reinforcers taken from the SMoFEE-pool (Rösch, 

2012) to strengthen the DILT´s potential for detecting the hypothesized effects. This time, a 

rewarded sequence where correct performance was followed by a surprise-FEE and errors by 

an anger-FEE was compared with a punished sequence with the opposite contingency. 
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7.4.1 Interpretation. 

7.4.1.1 Main results. 

7.4.1.1.1 N Power and AI. 

In the main model, I found the clearest and most hypothesis-conform results of all 

sub-studies – the HF-DILT seems to have passed the test for the future method of choice for 

testing motive effects on instrumental conditioning. Looking at the main variables, Study 4 

finally found a direct n Power effect, however as a n Power x Block interaction with an 

unexpected temporal development: At T1, n Power was detrimental to accuracy gain 

differences between rewarded versus punished sequence. Stanton et al. (2010) state that 

dominance displayed at low-intensity or for a very short time may actually be an incentive, 

because then it may have the above-mentioned teasing-effect and does not challenge the 

perceiver´s dominance status. Inhibited or restrained anger appears to be typical of lower-

ranking persons as compared to individuals of higher rank (cf. Conway, Di Fazio, & 

Mayman, 1999) and thus may signal that the perceiver is in a dominant interactional position. 

As Study 4 used very short exposure times (17 ms), this is a possible explanation for the 

advantage of anger faces in the first block, as anger may initially have acted as a reward. 

Thus, one could even speculate if there was a relative preference for anger over surprise FEEs 

in the first block of Study 4. However, considering the much more favorable position of 

surprise as a n Power-incentive compared to anger within the MFT-circumplex, a likelier 

explanation comes from the block effect for error scores observed in my implicit learning 

analyses: Participants made significantly more errors in the second compared to the first 

block. Thus, as making errors is required to be shown the different contingencies associated 

with correct and incorrect key presses, maybe many participants needed some time and a 

certain amount of performance-outcome repetitions to implicitly understand the key presses-

FEE-contingencies that were intended to produce the instrumental conditioning effects. The 
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bad face recognition rates imply that there also was no conscious knowledge of the key 

presses-FEE-contingencies, supporting this view. With growing implicit experience with the 

DILT-contingencies, the negative influence of n Power on the relative accuracy gain 

vanished and at T2 there was no or, after outlier exclusion, even the expected positive effect, 

thus partially supporting Hypothesis 4.1. At T2, n Power again exerted its characteristic 

function of enabling individuals to learn behaviors that are helpful in dominating others (cf. 

Schultheiss & Köllner, 2014) – in terms of FEE-meanings: eliciting surprise instead of anger.  

Even more important, Study 4 was the only sub-study yielding the predicted n Power 

x AI interaction regardless of gender or sender gender. This supported Hypothesis 4.2, 

predicting that a positive influence of n Power on the relative accuracy gain should emerge 

even clearer in an IPM context: The positive IPM-effect on accuracy gain differences was 

was not block-dependent like the direct n Power effect. The positive influence regardless of 

block indicates the sophisticated manner in which IPM strives for dominance: For this pattern 

there was no discernable negative effect on the relative accuracy gains in the early stage of 

the experiment, at a time at which n Power per se seems to be not yet fully implicitly aware 

of the key presses-FEE contingencies on the DILT. Perhaps a high level of AI, leading to a 

more socially accepted and adaptive expression of n Power (Rösch et al., 2013), indeed 

strengthened the dominance-threatening negative effects of anger vis-à-vis the positive 

effects of surprise as a low-dominance expression. 

No Gender congruence x n Power interaction emerged, perhaps due to the strange 

temporal development of n Power effects or to the absence of a general gender congruence 

effect in Study 4. A trend-level Gender x Sender gender x n Power x AI interaction hinting at 

a stronger n Power x AI interaction for opposite- than for same-sex faces was not robust 

enough for further speculations due to its high complexity and only marginal significance.  
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An even less clear pattern came from the Sender gender x n Power x AI interaction on 

the accuracy gain difference indicating a stronger IPM effect for female than for male 

senders. This was directly opposed to the parallel finding favoring male senders in study 3 

and in addition the interaction was moderated by two of the three explicit learning tasks, 

shedding doubt on the “implicitness” and robustness of this result. If pressed to speculate, I 

would assume that idiosyncratic properties like attractiveness differed between the specific 

senders from the SMoFEE-pool (Sutdy 4) and the specific senders from the NimStim-pool 

(Study 3). Overall, I will not generate speculations based on this probably spurious finding.  

7.4.1.1.2 FEE-reinforcement and gender congruence per se. 

The absence of a FEE-contingency x Phase interaction or a FEE-contingency x Phase 

x Block interaction illustrates that there was no direct instrumental conditioning effect and no 

interaction of such an effect with block of the FEEs per se for implicit learning accuracy. The 

absence of a direct reinforcement effect independent of my main predictors parallels the  

missing evidence for such a phenomenon in Study 2 and 3 and again supports the argument 

of Stanton et al. (2010), that not only the signal alone, but also motivational dispositions of 

the perceiving individual make up the rewarding or aversive properties of stimuli.  

Also, no direct gender congruence effect for accuracy was obtained this time. This is 

no robust evidence against dominance hierarchies being more relevant for same- than for 

opposite-sex interactions (cf. Stanton et al., 2010) - yet, it is striking that this effect was not 

detected in the context of massive trial-wise reinforcement and the large distance of surprise 

and anger on the MFT dominance axis. I speculate that this was due to idiosyncratic effects 

of the FEE-slides themselves: As I deliberately chose low- and high-power senders, 

respectively, the posers for surprise and anger were not the same persons and additional 

factors like varying attractiveness may have obscured FEE-incentive-effects. 
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7.4.1.2 Other findings. 

Looking at RTs, no results paralleling the ones for accuracy were found. Thus, maybe 

caution is advised regarding the findings in Study 2 and 3, as there was only one parallel RT-

result per study in both cases. Maybe the 64 repetitions of the fixed sequences in Study 4 

were not enough to ensure the transition from the system acquiring spatial to the system 

acquiring motor coordinates in the late stage of learning (Hikosaka et al., 1999; cf. Hikosaka 

et al., 2002).  In Study 2 and 3, where 84 repetitions were included, this transition may have 

worked better. However, this is speculative and the alternative explanation that the few 

parallel findings in Study 2 and 3 were spurious cannot be ruled out. 

For n Affiliation, no positive effect on accuracy gain differences was detected. My 

supposition regarding a positive influence of a high n Affiliation was not confirmed. Perhaps 

the fact that neither anger nor surprise are explictly affiliative in terms of the MFT 

circumplex obscured possible n Affiliation effects in Study 4, complicated by anger bearing 

at least some interactional relevance on the affiliation axis and surprise being neutral here. 

However, I obtained a marginal Gender x Sender gender x n Affiliation x Block interaction. 

Similar to a result in Study 3, dichotomizing at the median of n Affiliation showed that a 

stronger Gender congruence x Block effect emerged for low-affiliation individuals. In the 

context of a low n Affiliation, at T1 higher accuracy gain differences were found for same-

sex than for opposite-sex faces. The expected higher relevance of dominance hierarchies 

within-gender may only holf for low-affiliation participants, though based on the marginal 

results of Study 4 only, further conclusions are inappropriate. Thus, I will return to this issue 

in the general discussion, linking the present result with the result in Study 3. 

Caution is advised when referring to the PA-IAT as a measure of implicit motives, in 

this case of n Power: The predicted correlation with the established PSE was small and 

missed trend-level. The failure of the PA-IAT to produce significant results in Study 4´s 
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instrumental conditioning approach for the accuracy gain differences also sheds some doubt 

on its predictive validity. But as this test was only used in one sub-study and as there is some 

evidence of it correlating with the PSE and possessing predictive validity for outcomes like 

memory for power-related words in a recall task (Slabbinck et al., 2013), I do not propose 

that its failure here constitutes definitive evidence against this measure. 

There was not a single association between explicit liking for reinforcers and PSE, 

IAT, and accuracy (or RT) gain differences. In the accuracy gain difference model, only the n 

Power x AI interaction was moderated by an aggregate difference between surprise and anger 

ratings averaged across testing blocks – yet the interaction was stronger for below-median 

explicit liking differences, shedding doubt on the credibility of this unpredicted moderation. 

From the absence of pervasive correlation or moderation patterns I conclude, first, that 

explicit liking for reinforcers measured in this way is not associationed with implicit motives 

– perhaps due to the non-match in consciousness-levels in terms of the reward-model 

presented above – and, second, that this explicit liking measure does not tap constructs 

relevant to motive-driven instrumental conditioning in a substantial way and thus that 

instrumental conditioning effects obtained were truly implicit. I return to this issue below.  

A final question is the overall temporal development of results: Accuracy and RTs 

showed a different time course, because compared to T1, accuracy decreased, while speed 

increased at T2. At first sight this supports the time course of sequence learning presented by 

Hikosaka et al. (1999). However, actual accuracy gains from random to fixed sequences were 

marginally larger at T2. While I found no time-effect for n Power x AI, the most interesting 

time-related phenomenon was the behavior of n Power, changing from negative to positive 

influence with time, most likely reflecting the motive-related contingency learning effect 

discussed above. Overall, there are some general effects of temporal development and strong 

indications that n Power needs repeated exposure to dominance-relevant situations before 
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intuitive learning and corresponding adaptation of behavior takes place. However, I could not 

demonstrate that n Power does more strongly impact the early learning stages like speculated 

upon in the introduction – but the qualitative change in n Power´s influence observed instead 

is interesting in its own right. 

7.4.1.3 Implicit learning and DILT-parameters. 

Implicit learning with regard to the negative transfer effect was consistently present in 

study 4 for both accuracy and RTs, overall as well as for T1 and T2, respectively. I conclude 

that trial-wise reinforcement in the HF-DILT does not “fragment” sequence learning. Thus, 

while preserving implicit learning, it is a viable alternative to the rather sparse sequence-wise 

reinforcement used in previous studies.  

Looking at specific sequences, there were conflicting effects, with better accuracy on 

the blue and better speed on the yellow sequence. A Phase x Specific sequence interaction 

even indicated smaller accuracy (and, marginally, RT) gains on the yellow sequence. Yet, 

sequence programming contained no errors and the RT-phase-effect was present for both 

specific sequences, though more pronounced in the blue sequence. Remembering the results 

of Study 3 for a differently constructed yellow sequence, specultations regarding sequence 

color per se may be tempting, as color effects were demonstrated empirically for performance 

measures (e.g., Elliot et al., 2007; Hill & Barton, 2005). However, my DILT-specific results 

were only found in two studies and Study 1 produced opposing results with higher gains for 

yellow than for blue eight-element-sequences for accuracy and RTs alike. Considering this 

inconsistent picture, speculations regarding sequence color are not appropriate. 

The explicit learning tests failed to yield pervasive patterns in Study 4 – when 

viewing sequence awareness, fragment awareness, and explicit learning as assessed in 

Reproduction overall, the rate of significant moderations of my results in the overall number 

of significance tests was neglegible. In the main model, explicit learning as assessed in 
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Reproduction only marginally affected the Sender gender x n Power x AI interaction which I 

considered doubtful anyway. The interaction was stonger for above-median performers. 

While participants had at least some ability to discern real sequences or fragments from fake 

ones, even if taking both Recognition measures together, I only found two moderations, 

making it clear that sequence or fragment awareness did affect my results neither 

substantially nor systematically. For the n Affiliation result no moderations emerged. Overall, 

I conclude that, as predicted, explicit learning did not substantially affect my results. The fact 

that three different indicators of explicit learning were used and no systematic or substantial 

moderation pattern emerged allows for interpreting my results as being truly implicit and a 

robust account of motivational influences on unconscious instrumental conditioning. 

Omitting the criterion of less than 12% errors in overall average DILT-performance 

used in my previous studies would have changed results only slightly, as this time only three 

participants were affected, but results for the main model seemed to be more clear-cut when 

using this performance quality criterion. Thus, I consider it useful for DILT-studies. 

Participants` ability to discern anger and surprise faces shown for 17 ms was lower 

than in Study 2 and 3. It was only slightly above chance-level (57% correct vs. 50% chance-

level), and close to the 51.50% found by Schultheiss, Pang, et al. (2005) for 12 ms. Even this 

represents an upper-bond of explicit face discrimination rates during the DILT: This result 

was obtained in a separate face discrimination task inducing attention towards the faces, 

while during the DILT attention had to be kept on the dots. Thus, one can hardly argue that 

participants were able to explicitly tell which emotion they had seen on a given DILT-trial in 

Study 4 and to explicitly adjust their response-behavior. Even if missing awareness for or 

discriminability of the FEEs was not required to test my hypotheses, I am thus in an even 

stronger position to call my conditioning approach implicit. 
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7.4.2 Limitations. 

Many limitations of the previous studies, like sparse reinforcement and usage of FEEs 

of senders with unknown motive levels were already addressed in the planning of Study 4, 

but one major issue remains: As the established SRT is the canonical task for investigating 

implicit motor skill learning (P. J. Reber, 2013) and frequently used in implicit learning 

research (e.g. in Perruchet & Amorim, 1992; Pronk & Visser, 2010; Rauch et al., 1997; P. J. 

Reber & Squire, 1998) and as testing a principle should first draw on the best method 

available, Study 4 like the previous ones was restricted to the DILT. Strictly speaking, while I 

obtained the clearest results in Study 4, they still could be considered paradigm-specific.  

However, Schultheiss and Rohde (2002) obtained encouraging results for n Power and 

a quite different implicit learning paradigm, the Number Tracking Test (see above), making 

my results rather part of an emerging “bigger picture” than a method-specific phenomenon. 

In addition, looking at the accumulated knowledge of implicit motive research in general, n 

Power seems to be a predictor of learning behaviors that are helpful in dominating others, like 

persuasive communication (Schultheiss & Brunstein, 2002) and of life outcomes perhaps 

indicative of  n Power-driven learning, like managerial success (McClelland & Boyatzis, 

1982; cf. Schultheiss & Köllner, 2014, for a short overview). This suggests that the studies in 

this thesis are not isolated DILT-specific observations, but provide basic insights on a general 

phenomenon using controlled and replicable lab-procedures and a simple standardized task. 

Another limitation was the weak assessment of liking for reinforcers. As this topic 

was not my core research interest, I only used a simple explicit evaluation – and most likely 

missed patterns of influence of unconscious reinforcement liking on the results. My measure 

might be characterized as the subjective kind of pleasure rating that Berridge and Robinson 

(2003a) list as an indicator of conscious liking, as opposed to for example direct facial 

reactions indicative of the core hedonic impact or implicit liking. Another weakness of my 
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approach was the placing of the explicit liking assessments – but for this kind of explicit 

measure I had no alternatives: While placing the assessment before the DILT may 

contaminate later experiences with the reinforcers during the training section, placing it after 

the DILT in turn contaminates the assessment itself with experiences made with the 

reinforcers during the main task. To say the least, the fact that I did not find systematic 

influences of liking for reinforcers does not implicate that better liking assessments should 

not be included in future studies of motives and instrumental conditioning. 

Two final limitations were inherent to my focused design. First, the DILT was tuned 

to an accuracy criterion, i.e. correct key presses. Therefore, RT results were not achieved 

with a suitable experimental contingency and not interpretable independently of the accuracy-

related results. However, RTs were judged as being not the most promising dependent 

variable given n Power´s relevance mainly to accuracy-related reinforcement-driven implicit 

learning in SRTs (Schultheiss & Schiepe-Tiska, 2013). Second, in terms of MFT, neither 

surprise nor anger may be optimal incentives for n Affiliation and further research is needed 

to shed light on instrumental conditioning effects of this motive in the context of more 

suitable incentives. Both weaknesses can be circumvented by adapting the DILT to a pre-

defined speed criterion or using incentives suited for n Affiliation, respectively. 

7.4.3 Future research. 

Looking at the indications of additional gender congruence aspects coming into effect 

in the context of low n Affiliation in Study 3 and 4, it is high time to develop a DILT-version 

optimized to the detection of effects of n Affiliation, for example by using disgust and joy as 

suitable (dis)incentives based on MFT (Stanton et al., 2010) in a design paralleling the one in 

Study 4. While this thesis indicates that n Affiliation has at least some relevance to 

instrumental conditioning, designs were optimized to n Power, and therefore may have failed 

to detect the full scale of possible n Affiliation effects. 
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Even if my explicit liking assessment did not yield consistent results, running a more 

implicit assessment might be promising. Matching the level of implicitness of the liking and 

the wanting (i.e. motivational) part of assessment (cf. Berridge & Robinson, 2003a) could 

help to further discern those processes. Should new liking-assessments be predictive of 

motive-driven DILT performance changes, analyses differentiating liking for reinforcers and 

wanting as evidenced in instrumental DILT-performance would be possible. Measuring for 

example facial reactions while presenting the FEE-slides for the same duration as in the DILT 

would yield a physiological and thus more implicit liking indicator that relies less on 

conscious judgement (cf. Berridge & Robinson, 2003b, who placed affective facial 

expressions on the implicit side of the emotion-category of reward). Also, measurement 

should take place after the DILT, as the danger of contaminating the main module with pre-

experiences with the reinforcers could thus be avoided. 

Finally, after the encouraging results of the previous studies, one should also go 

beyond the DILT and other implicit learning measures like the Number Tracking Test and 

use other indicators of instrumental conditioning effects. I will return to this issue below. 

7.4.4 Conclusion. 

Overall, it seems safe to say that robust evidence of a principle of accuracy-related 

instrumental conditioning effects of n Power was collected in Study 4. N Power alone seems 

to need some time to grab the reinforcement contingencies underlying the DILT or, 

alternatively, to evolve from an initial relative preference of anger faces towards a relative 

preference of surprise faces and thus towards a more useful strategy furthering impact. 

However, high AI seems to be advantageous to high-power individuals and the impact 

strategies used by them from the outset and the interaction on its own is beneficial to 

instrumental implicit learning. While cross- and within-gender interactions definitely play a 

role in those and other conditioning processes, at least this study could not derive a truly 
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unambiguous robust pattern. While only one isolated finding was obtained for n Affiliation 

and explicit liking failed to provide insights on the underlying mechanics of wanting and 

liking, no findings emerged for a purported new latency-based measure of n Power, the PA-

IAT. Also, no RT-results paralleling my main findings were found this time. 

8. General Discussion 

In the following, I highlight the pervasive patterns and isolate the most relevant 

conclusions which the four sub-studies of this thesis have to offer. I will first summarize the 

main results and then answer the central questions posed in the introduction. Finally, after 

discussing the limitations of this thesis and pointing to possibly fruitful future research, the 

central conclusions drawn from the present research will be presented. 

8.1 Overall summary of results 

To avoid overemphasis on isolated, perhaps spurious effects, I restrict myself for the 

most part on pervasive patterns showing up repeatedly while also integrating some results 

that show up only once but which deserve attention in their own right. 

Study 1 focused on implicit learning only, comparing four DILT-versions varying in 

sequence length (eight vs. 12 elements) and distractor use (no vs. one distractor stimulus), each 

consisting of two differently colored sequences and three blocks with own negative transfer 

effect assessments each. I aimed at finding an accuracy-optimized paradigm in which 

paticipants make enough errors for the reliable detection of differences in accuracy-related 

learning gains evidenced in a negative-transfer effect (i.e., rising error rates from fixed to 

random sequences). Overall, this effect was stable for my DILT-modifications. Accuracy 

gains were influenced neither by sequence length per se, nor by block nor sequence color, 

and interactions between color and sequence length or between color and distractor use were 

suspicious given that the sequences used were confounded with color. These effects were 

more likely due to differing sequence difficulty (which led to replacing the variable name 
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“color” by “specific sequence” in the later studies featuring reinforcement to avoid confusing 

the balance-factor specific sequence properties with the critical sequence type indicating 

color-performance-FEE-contingencies). Explicit learning tested in three awareness tasks did 

not systematically moderate my main results. Overall, results favored keeping the 12-element 

version without distractors used by Schultheiss, Pang, et al. (2005), as it yielded the highest 

error scores (on a descriptive level) and no-distractor DILTs produced higher accuracy gains. 

Studies 2 and 3 featured the first designs ever to make reinforcement contingent on 

actual accuracy performance in a task featuring implicit motives and implicit learning. Using 

the PSE for implicit motive assessment, a 12-element-DILT, and various control tasks, these 

studies allowed for interpreting accuracy gain differences between two differently reinforced 

sequences as instrumental conditioning effects. To achieve this, FEEs used as rewards in one 

sequence were used as punishers for errors in the other sequence and vice versa, with the aim 

of maximizing the differential learning gain. Building on MFT, to engage motives in 

instrumental conditioning processes, FEE-classes used as punishers or rewards were a 

dominance-relevant emotion (joy in Study 2; anger in Study 3) and a neutral expression. 

Motive-dependent scaling effects were not as pervasive as predicted, as I found no 

general effects of n Power or IPM. However, with regard to male gender, some indications of 

IPM-influences emerged: For males, IPM exerted a positive influence in the context of joy-

FEEs in Study 2. In Study 3, a n Power x AI interaction was stronger for male sender gender, 

and IPM unexpectedly exerted a positive influence in the context of anger faces, too. Study 

3´s marginal result was not robust, because sub-sample only outliers were excluded to render 

it significant. In both studies, graphs indicated positive IPM influences for the overall sample 

too, but this has to be viewed with caution given the non-significant analyses. 

Direct instrumental conditioning effects of the FEEs per se without considering 

motives were absent. However, Gender x Sender gender effects on accuracy gain differences 
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emerged in both studies. Reducing them to gender congruence effects was successful in 

Study 3, with opposite-sex anger impairing implicit learning accuracy gains more than same-

sex anger, and slightly below trend-level in Study 2, were opposite-sex joy seemed to boost 

implicit learning when compared with same-sex joy.  

Results for speed were not interpretable, as they were achieved with an incompatible 

reinforcement criterion. However, a parallel Gender x n Power x AI effect for males for the 

RTs in Study 2 with the same direction as the main result as well as a Gender x Sender 

gender effect paralleling a result in Study 3 were found. To check if the RT results were a 

secondary phenomenon of the differential accuracy gains being conditioned by performance-

contingent reinforcement, I tested those effects on the speed gain differences for mediation by 

the accuracy gain differences,: The Gender x Sender effect in Study 3 dropped to trend-level 

when controlling for accuracy gain differences, with the Sobel-test slightly missing trend-

level. The Gender x n Power x AI interaction on speed gain differences in study 2 vanished 

when controlling for accuracy gain differences and the Sobel-test reached trend-level. Thus 

some - non-significant – indications of the supposed mediation pattern emerged. 

The only interpretable accuracy result for n Affiliation was a Gender x Sender gender 

x n Affiliation interaction in Study 3: A gender congruence effect indicated more negative 

effects of opposite- compared to same-sex anger for low-Affiliation participants. 

Results in Study 2 and 3 could draw on robust implicit learning for speed and 

accuracy, only in study 3 there were some indications of effects of specific sequence. The 

12%-criterion by Schultheiss, Pang, et al. (2005) was useful for determining a lower 

boundary of trustable data sets. Participants were largely aware of the FEEs presented for 180 

ms. With regard to explicit learning, whole sequence or fragment awareness failed to 

systematically moderate results and a contingency awareness task in Study 2 showed that 

face-color-dot-sequence contingencies were only guessed correctly by less than one-fifth of 
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the participants. For Reproduction, only one explicit-learning-moderation was observed for 

the n Affiliation model in Study 2 which was unrelated to my main results and thus this test 

revealed neither substantial nor meaningful patterns. 

In Study 4, lessons learned from the implicit learning analyses in Study 1 were 

combined with ideas arising from Study 2 and 3, massed reinforcement (HF-DILT), two 

testing blocks, and FEE-reinforcers considering the senders` motives (Rösch, 2012), to build 

a paradigm aimed at maximizing the potential for detecting instrumental conditioning effects 

of motives. Again two sequences were compared and this time the full MFT dominance 

spectrum was used by using surprise and anger as rewards or punishers, respectively. Also, 

liking for reinforcers was assessed by showing participants the FEEs from the DILT and 

presenting an explicit question below them. 

A block-dependent direct n Power effect on the accuracy gain difference (surprise 

versus anger) was found, a negative effect at T1 and no or with outlier exclusion even a 

positive effect in line with my predictions at T2. Also, the predicted positive influence of 

IPM was obtained in a direct n Power x AI interaction. Suspicious effects of Study 4 will not 

be overemphasized below, like a Sender gender x n Power x AI interaction with a stronger 

effect for female faces in contrast to the one in Study 3 favoring male faces, or a marginal 

Gender x Sender gender x n Power x AI interaction with indications of a stronger n Power x 

AI interaction for opposite-sex faces. There were no general instrumental conditioning effects 

of the FEEs per se without considering motives and no direct gender congruence effect. For 

RTs, there were no effects paralleling the ones for accuracy.  

N Affiliation analyses revealed a Gender congruence x Block effect: For low-

affiliation individuals at T1, higher accuracy gain differences for same- compared to 

opposite-sex FEEs were ontained. My test of the PA-IAT failed with regard to accuracy. 

Further, while ratings were highly inter-correlated, explicit liking for reinforcers was 
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unrelated to PSE, IAT, accuracy (or RT) gain differences and yielded only one isolated, 

theoretically doubtful moderation in the main model. 

Study 4 could draw on robust implicit learning effects for accuracy and RTs. 

Accuracy was better on the blue sequence and at T1, respectively, with the reverse pattern 

emerging for RTs, higher speed on the yellow sequence and better RTs at T2. Accuracy gains 

on the blue exceeded those on the yellow sequence and a marginal parallel result emerged for 

the RTs. Accuracy gains were marginally larger at T2 compared to T1. The 12%-criterion 

was useful, but did not change results much. Explicit learning assessed in three tasks 

moderated only a negligible part of the results tested for such influences and did not show 

systematic patterns. With regard to main analyses, explicit learning underlying Reproduction 

only marginally moderated an already doubtful Sender gender x n Power x AI interaction. 

Recognition rates for whole sequences and fragments were somewhat higher for real than for 

fake-elements. However, looking at sequence and fragment awareness simultaneously only 

two moderations emerged at all. No moderation for n Affiliation was found. FEE-recognition 

was lower than in Study 2 and 3 in the context of a reduced presentation time of 17 ms. 

8.2 Overall synopsis and interpretation 

Based on these sub-study results, I will now answer the five research questions posed 

in the introduction, relate them to current research and attempt to integrate my findings into a 

larger model of implicit motives and instrumental conditioning. Overall, results were not 

always as clear and straightforward as I predicted. Yet this thesis` main contribution to 

personality research is that it contains all research on implicit motives and instrumental 

conditioning in truly performance-contingent tasks that has been conducted so far. Thus, 

lacking previous research, conducting an optimally powered and perfectly designed study on 

my topic simply was not possible due to many unknown effects and parameters. 
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8.2.1 Question 1: Do implicit motives influence instrumental conditioning processes? 

and Question 3: Does activity inhibition moderate instrumental conditioning 

effects of n Power?. 

Question 1 and 3 are discussed together, as the first and foremost question of this 

thesis, if implicit motives influence instrumental conditioning processes, can only be 

answered with “yes”, when considering some clear limitations. Most of these limitations 

pertain to Question 3 and the moderating effects of AI. 

Circumstances for detecting a principle of an influence of implicit motives on 

instrumental conditioning were good overall, despite non-optimal test power, and my designs 

assured that it could be clearly attributed to instrumental conditioning, as will be detailed in 

the following. First, this thesis describes the first investigations ever featuring implicit 

motives with actually performance-contingent feedback on an accuracy-criterion, correct key 

presses on single trials (Study 4) or throughout a 12-element SRT-sequence (Studies 2 and 3). 

Thus a strong basis for attributing differential learning gains to instrumental conditioning is 

provided. Previous studies (Schiepe-Tiska, 2013; Schultheiss, Pang, et al., 2005; Schultheiss 

& Rohde, 2002; Schultheiss, Wirth, et al., 2005) were clearly suggestive of instrumental 

conditioning processes, but never made responses contingent on actual behavior. The first 

DILT study (Schultheiss, Pang, et al., 2005) associated specific FEE-reinforcers with specific 

color sequences, but FEE-presentation was independent of sequence execution accuracy or 

speed. The competition studies (Schultheiss & Rohde, 2002; Schultheiss, Wirth, et al., 2005) 

led participants to believe that the outcome was contingent on their performance, but in fact 

winning or losing was pre-determined by experimental condition (but see Skinner, 1948, who 

explained superstitious behavior – however observed in pigeons – via operant conditioning 

based on believed contingencies). The robust and systematic testing of the underlying 

principle thus has only been attempted here. Second, using the differential learning gain 
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between two sequences with reversed feedback contingencies, I further assured that effects 

observed were really due to differences between different FEE-classes and not due to specific 

sequence (or color). Third, the systematic approach varying FEEs according to their MFT-

properties accumulated data from three experiments, with joy versus neutral FEEs (Study 2), 

anger versus neutral FEEs (Study 3), and with surprise versus anger FEEs (Study 4), 

respectively. Thus results are not restricted to a specific FEE-combination. 

To provide a fair test if enough evidence for postulating a principle was collected, I 

focus on results concerning n Power and accuracy, respectively, as my studies were 

optimized towards these two dimensions and exclude results achieved with an incompatible 

motive or a non-matching dependent variable like RTs. 

Focusing on n Power and accuracy alone, I would have failed to systematically collect 

evidence for a principle, with exception of a block-dependent n Power effect in Study 4. 

However, this n Power influence on the relative accuracy gain developed from an initital 

advantage of anger faces over surprise faces to the reverse case in the second block of the 

DILT which was interesting in its own right. Thus, there is some indication of a general 

influence of n Power under the modified conditions of the HF-DILT. Future studies can draw 

on these conditions to once again try to show a systematic direct link between a motive and 

the accuracy gain difference. 

Further, the concepts presented in the introduction, like gender match or AI, and their 

consistent inclusion in my analytical models underscore the position that motives, particularly 

because of their basic relevance, do not exist in an isolated vacuum: Most importantly, 

Question 3 regarding the moderating effects of AI deserves a clear “yes” – and in fact, 

Question 1 on motives` influence on instrumental conditioning processes cannot be answered 

in the positive without considering AI. While showing no main effects on its own, AI was 

pervasively involved in most central results of Study 2 to 4 and systematically moderated 
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instrumental conditioning effects of n Power. Thus, systematic and replicable evidence for a 

principle can be considered present if looking at the combination of n Power and AI. This is 

particularly true for IPM, for which all three motive-relevant sub-studies yielded supporting 

results. Positive IPM-results emerged for joy versus neutral FEEs in Study 2 (males) and 

surprise versus anger in Study 4, as well as a non-robust positive influence on the effect of 

anger versus neutral in Study 3 (male sender gender). IPM enabled male power-motivated 

participants to see a smile as a social reward – despite its high placement on the MFT 

dominance axis. Additionally, IPM individuals were effective in executing contingencies that 

led to surprised versus anger faces, and in eliciting submissive reactions, while avoiding 

dominant displays. The non-robust sub-group result in Study 3 additionally would have 

hinted at IPM individuals preferring short anger displays signaling theit influence on other 

persons. Alternatively, Study 3´s main result could be interpreted as IPM-individuals 

controlling their avoidance of male anger faces, which also can be considered adaptive: Thus, 

IPM individuals were for instance not forced into disrupted performance on the sequence 

were correct performance was followed by an anger face. Taken together, even if excluding 

Study 3´s weak result, IPM shows a FEE-seeking pattern that can be viewed as characteristic 

of implicit-learning-based social intuition (Lieberman, 2000) and therefore of the pattern I 

hoped to document for n Power in general. 

While AI-involvement was also part of earlier findings in the domain of n Power and 

implicit learning (Schiepe-Tiska, 2013; Schultheiss & Rohde, 2002), there is an inconsistency 

with regard to earlier results, where results specific to low, not to high, AI emerged. I 

speculate that this was a result of the reinforcers used. While those earlier results were based 

on situational outcomes of outright contests which may be particularly apt to engage 

uninhibited power-motivated individuals, I used FEEs – highly salient social cues (Stanton et 
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al., 2010), for which recent research suggests that IPM individuals react to them in a more 

adaptive manner (Rösch et al. (2013). 

In sum, perhaps I have to narrow Question 1´s focus regarding instrumental 

conditioning effects of n Power somewhat in favor of IPM, but in doing so, clear indications 

of an instrumental-conditioning principle involving motives are obtained. Having used FEEs 

as reinforcers, these indications are even connectable to social intuition (Lieberman, 2000, 

see below). In addition, the complete absence of general instrumental conditioning effects of 

FEEs per se is strongly supportive of MFT´s prediction that a nonverbal signal´s incentive 

value also depends on a given perceiver´s implicit motives (Stanton et al., 2010). 

8.2.2 Question 2: Are there influences of gender match or of its interplay with motives 

on instrumental conditioning?. 

A mixed picture emerges for Question 2 when looking at direct effects and effects 

involving the motive variable. There were indications of a Gender x Sender gender effect on 

its own in Study 2 (trend-level) and 3, but not in Study 4, with the latter result being perhaps 

due to FEE-selection criteria. Supposed relationships to n Power were not found and 

realtionships to n Power and AI simultaneaously only reached trend-level in Study 4. What I 

did observe, however, was a gender-dependence of the n Power x AI results of Study 2 

(gender) and Study 3 (sender gender). Perhaps lacking power in the sub-studies concealed the 

full-fledged relationships to n Power or n Power x AI, leading to the unexpected gender-

/sender-gender dependence, respectively. This is speculative, but may explain why the pattern 

specific to male gender or sender gender switched to being specific to female faces in an 

unexpected sub-result of Study 4. Thus I do not overemphasize that gender-/sender-gender-

related results in Study 2 and 3 repeatedly pointed to male gender, respectively. 

Looking at direct Gender x Sender gender effects on gain differences, in Study 2, 

even if opposite-sex faces seemed to produce more positive conditioning effects than same-
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sex ones, trend-level was slightly missed. In Study 3, the gender-congruence effect showed 

that opposite-sex faces produced more negative effects in the context of anger than congruent 

ones, with even a parallel direct Gender x Sender gender interaction emerging for the RTs. 

While it is also relevant to affiliate with one´s conspecifics of the same sex and gather their 

support (cf. Geary & Flinn, 2002, on coalitions formed by humans), taking the direct gender 

congruence results at face value, I favor an explanation in terms of reproductional goals: 

Eliciting positive reactions from a potential partner (Study 2) and not irritating her or him 

(Study 3) seems to be more important than accomplishing the same effects for potential 

competitors of one´s own sex (for evidence of different interactional goals in opposite versus 

same-sex relationships, see Schultheiss, Pang, et al., 2005; for differing intra- versus inter-

sexual interactions in reproductional strategy terms cf. Wilson, 1980). The – nonsignificantly 

– more negative effects for congruent than for incongruent faces in Study 2 may cautiously 

be interpreted as a sign of the aversive nature of same-sex dominance displays, even in the 

case of joy, while the more positive effects for congruent than for incongruent anger in Study 

3 may indicate that displays were short enough to perceive anger not as dominance challenge 

but in terms of emotional impact on one´s own sex on part of the perceiver (cf. Stanton et al., 

2010). Even the absence of a gender congruence effect in Study 4 makes sense within this 

framework, as surprise may signal that one has alienated a potential mate (Schultheiss, Pang, 

et al., 2005) and so at least for the opposite sex there may have been no clear “incentive” if 

one is only given the option to baffle (surprise) or irritate (anger) possible mates. Overall, 

direct gender congruence effects are relatively consistent with the notion of dominance and 

submission being relevant within-sex and goals of not alienating or befriending being 

relevant if confronted with opposite-sex individuals (cf. Schultheiss, Pang, et al., 2005).  

Considering motives, I never observed the supposed relationship between n Power 

and gender congruence for my main findings and this complete absence in three independent 
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studies is striking even considering my power issues. Perhaps it is time to narrow possible 

gender congruence and motive effects, at least in instrumental conditioning approaches with 

FEE-reinforcement, to the n Power x AI interaction. However, even for the latter case, the 

four-way-relationship was observed only once and at trend-level in Study 4 with non-robust 

indications of a more positive IPM effect for opposite-sex faces.  

Overall, I assume a general gender-congruence effect for accuracy in implicit learning 

studies of this kind, perhaps reflecting differences in interactional goals for opposite- versus 

same-sex relationships (cf. Schultheiss, Pang, et al., 2005). However, consistent instrumental 

conditioning interactions of gender congruence with n Power or with n Power x AI, if 

reproducibly existent at all, remain to be demonstrated by better-powered paradigms. 

8.2.3 Question 4: Can the DILT be optimized for general and motive-specific use?. 

Considering that the DILT can easily be adapted to, for example, other FEE-

combinations and that other personality or motivation tests can be run prior to the task, the 

answer to this question is “yes” when looking at Study 4´s results. Study 4 yielded the most 

hypotheses-conform results among the sub-studies. While the overall modification was 

successful, it is difficult to find out which specific modifications were most fruitful – or 

which made a difference at all. For example, a sequence length of 12 elements, even if 

advisable in combination with no distractors when looking at the results of Study 1 and 

because it contains more learnable SOC-content than eight-element sequences, was also used 

in Study 2 and 3 where results were less clear.  

Even if implicit learning based on Study 1´s additional distractor-based target-

selection task (cf. Rowland & Shanks, 2006) was inferior to no-distractor conditions, keeping 

an additional dual-task environment seemed advisable to make the visual patterns not too 

obvious. While the visual counting task in Study 4 was not comparable to the auditory one in 

the previous sub-studies, I nevertheless infer from the absence of systematic patterns on as 
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much as three explicit learning tasks that the paradigm as a whole is not susceptible to 

alternative explanations in terms of explicit learning. Thus, one achievement of my 

modification is that it made headphone usage obsolete. 

Because previous studies did not include liking measures for their FEE-stimuli and all 

used sequence-wise reinforcement, I have no data base to disentangle if it was trial-wise 

reinforcement, usage of the whole MFT dominance-spectrum or the new SMoFEE-stimuli by 

Rösch (2012) that made results of Study 4 the most clear-cut of all sub-studies. I suggest on 

theoretical grounds that it was a combination of all three factors, each of them contributing to 

observed results individually: First, more frequent reinforcement may have made the implicit 

contingencies clearer, overcoming the weakness of the two previous studies where it was 

theoretically possible to have on average only one error per sequence while having never seen 

the “all-correct FEE” of a given sequence. Massed reinforcement may additionally have led 

to more frequent affective experiences with the reinforcers, more effectively engaging 

motives (cf. Schultheiss & Köllner, 2014; Stoeckart, Strick, Bijleveld, & Aarts, in 

preparation). Second, if the MFT framework is correct, using clear power-incentives 

(surprise) vs. clear disincentives (anger) should naturally have increased the distance in 

reinforcement values between the sequences and thus imbued learning experiences with more 

affective relevance. Finally, to the extent that people can infer a sender´s implicit motives 

from looking at her or his face (Rösch, 2012), a power-motivated individual should, for 

issues of complementarity (Stanton et al., 2010), be even more inclined to watch the surprise-

expression of a low-power sender and even less inclined to watch a power-motivated sender 

presenting an angry expression, leading to performance changes. However, as I revert to 

theoretical considerations here, I can only point to the effectiveness of the “cocktail” of 

modifications and give no estimates of a single modifications` unique contribution. 
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For motive-specific use, I replicably showed that excluding participants with more 

than 12% errors on the whole DILT like in my model study (Schultheiss, Pang, et al., 2005) 

is a good rule of thumb: This rule keeps a sufficient amount of individuals in the sample 

while ensuring that data points are based on regular and instruction-conform test 

performance. Of course, I advocate that future researchers also experiment with laxer or no 

rules and with stricter criteria. In the latter case however, especially Study 1 showed that only 

if there is a sufficient number of errors, clear learning gains can be observed, and thus I do 

not recommend a too strict approach. 

Overall, future studies should assess which of my modifications worked best, but 

nevertheless they can draw on a paradigm with some elements with established effectiveness. 

8.2.4 Question 5: Were the instrumental conditioning effects really implicit?. 

As I focused on implicit instrumental conditioning and tried to locate the learning 

aspects, as well as the motivational and emotional ones, on the implicit side of the model by 

Berridge and Robinson (2003a), this is a central prerequisite for interpreting my results. 

Documenting “implicitness” in my view is a complex issue. Thus, I chose an incremental 

component-based approach with three explicit learning tests in all sub-studies, forced-choice 

discrimination tasks for the briefly flashing FEEs in Study 2 to 4, and an explicit contingency 

questionnaire in Study 2. I believe the question regarding the implicitness of the instrumental 

conditioning results can be answered with “yes” because of three lines of evidence: 

First, the basis for testing instrumental conditioning effects were indicators of implicit 

learning. Robust implicit learning was observed in all sub-studies and explicit learning as 

evidenced by three different explicit learning tasks, Reproduction, whole sequence 

awareness, and fragment awareness, respectively, consistently failed to produce reproducible 

moderation pattern for my main results. A questionnaire on the contingencies underlying the 

DILT in Study 2 revealed no reliable explicit awareness of the colors being associated with 
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fixed dot patterns, chance level or only slightly above chance level responses to two 

questions on the nature of the reinforcement criterion (speed or accuracy), and less than one 

fifth of participants guessed correctly on the contingencies between faces, dot colors and 

sequence(s) during the DILT. This makes systematic contingency awareness extremely 

unlikely. Thus, in general, instrumental conditioning effects did not systematically depend on 

the extent of participants` explicit knowledge about the sequences, their structure, or the 

FEE-contincencies associated with them. Interpreting results in terms of implicit learning is 

clearly justified. Second, while missing contingency awareness was thus documented for 

FEEs displayed for 180 ms which could be nearly perfectly discriminated by the participants 

in Study 2 and 3, the clearest results were obtained with 17-ms-FEEs in Study 4. There the 

FEE-recognition rate was only slightly above chance-level, so most participants were unable 

to explicitly tell which emotion they had seen on a given DILT-trial and to explicitly adjust 

their response-behavior. Third,  the results regarding explicit liking for reinforcers in Study 4 

prohibit further speculation regarding explicitly planned behavioral adjustment in response to 

FEEs: The liking variable based on explicit questions did not show any associations with the 

PSE or overall implicit learning accuracy gain differences and only yielded one isolated, 

probably spurious moderation of a single main model result. While this does not enable 

further conclusions on its own, it most likely reflects incompatible levels – implicit versus 

explicit – in the Berridge and Robinson (2003b) model and adds further credibility to my 

answer to Question 5. Thus, I would have expected similar results if a liking-for-reinforcers 

task had been used in Study 2 and 3. In sum, it seems clear that my conclusions can draw on 

truly implicit learning and implicit instrumental conditioning, respectively. 

8.2.5 Parallel RT-results and n Affiliation. 

As my instrumental conditioning approach was tailored towards accuracy, differential 

changes in speed scores could not be properly attributed implicit instrumental conditioning 



214 
 

processes. Thus, only RT-results paralleling effects for the accuracy-criterion can be 

interpreted properly: The gender x n Power x AI interaction paralleling the accuracy-related 

main result in Study 2 was the only result across three studies that favored a hypothesis-

conform pattern, but this is not enough to draw further RT-related conclusions. Study 3 

yielded a parallel RT-related Gender x Sender gender interaction. Same-sex anger produced 

higher RT gain differences than opposite-sex anger. Mediation analyses yielded promising 

results, as controlling for accuracy gain differences weakened Study 3´s parallel RT-result to 

trend-level and even eliminated the parallel RT-result in Study 2 in the context of a 

marginally significant Sobel-test. This was plausible, as having learned to execute a sequence 

more accurately than another should enable faster performance on the former sequence 

compared to the other. Also this would be consistent with the idea of sequential learning 

involving a shift from the dominance of a system acquiring spatial to a system acquiring 

motor coordinates from the early to the late stage of learning (Hikosaka et al., 1999; cf. 

Hikosaka et al., 2002). However, these results are examined in detail in the discussion of 

Study 2 and 3, and Study 4 did not yield any new parallel RT gain difference results. Thus, I 

restrict myself to the overall conclusion that I did not detect a robust systematic pattern of 

parallel RT-results or their mediation by the accuracy gain differences, even if there were 

some promising indications for the latter aspect. But this does in no way endanger the above 

conclusions, as my designs were deliberately tailored towards accuracy and as Schultheiss 

and Schiepe-Tiska (2013) state that n Power influences implicit learning accuracy, not speed, 

on SRTs with power-relevant reinforcement. 

For n Affiliation, while results were sparse anyway, I have the problem of study 

designs, perhaps with exception of Study 2 using joy-FEEs, being tailored towards n Power. 

Thus results from all other studies are to be viewed with caution. Yet even Study 2 only 

yielded a gender x n Affiliation x AI interaction with an unsuccessful gender-split for 
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accuracy that in addition was moderated by explicit learning, providing no robust basis for 

drawing conclusions. However, I had one reproducible pattern of low-affiliation-specific 

gender congruence results, occurring in Study 3 and 4. In Study 3, only for low-affiliation 

participants more negative effects of opposite-sex compared to same-sex anger on accurracy 

gain differences emerged. This pattern was continued in study 4 where, for low-affiliation 

participants at T1 only, the expected accuracy gain differences between surprise and anger 

reinforcement were higher for same-sex than for opposite-sex faces,. The directions are 

somewhat confusing – low-affiliation individuals trying to avoid opposite-sex anger in Study 

3 versus preferentially seeking same-sex surprise instead of anger in Study 4. If pressed to 

speculate, I would assume that n Affiliation attenuates effects of gender-congruence on 

accuracy gain differences, because of its general capacity to derive pleasure from establishing 

harmonious relationships. This general capacity may prevent more specific adjustments of 

behavioral learning in reaction to same- or opposite-sex dominance-cues in terms of within-

sex competition versus not alienating a potential mate from emerging. In this case, this would 

mean that low-affiliation participants would perform better in not alienating a potential 

reproduction partner, and also better in establishing within-sex dominance hierarchies when 

confronted with two negatively valenced (cf. Rösch et al., 2013) FEEs nevertheless varying 

on the dominance axis. But such speculations require further research with affiliation-related 

incentives and I will not draw far-reaching conclusions here. Overall, I do not dismiss the 

idea that n Affiliation influences instrumental conditioning processes, but like for n Power, 

motive-related incentives are needed and that was not always the case in my sub-studies.  

8.2.6 Current research and a model of motive effects on instrumental conditioning. 

So what can be concluded from my data and how would a tentative model of implicit 

motives, instrumental conditioning and implicit learning look like? First, my results did not 

support the prediction of MFT that a nonverbal signal´s incentive value is dependent on its 
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location in the MFT Circumplex. There were no direct instrumental conditioning effects of 

dominant versus neutral or submissive FEEs per se on the relative learning gain without 

regard to motives. Nevertheless, this thesis provides strong support for the most central 

prediction of MFT: Not only the signal alone, but also the implicit motives of a perceiver, are 

involved in determining the incentive value of a nonverbal signal. N Power, especially in 

interaction with AI, influenced the relative learning gain between emotional and neutral or 

surprise and anger FEEs, respectively, throughout Study 2, 3 and 4. This motive-dependent 

preference for specific FEEs expressed in instrumental behavior also corresponds to earlier 

conceptualizations of implicit motives as affect amplifiers, capable of orienting attention, as 

well as energizing and selecting behavior aimed at incentive attainment (McClelland, 1987). 

On a general level, affective modulation of memory (i.e. on the result of implicit learning) 

was acknowleged, lending even more credibility to this view (Packard & Cahill, 2001). 

The evidence of a principle collected in this thesis can be subsumed under the 

framework by Schultheiss and Köllner (2014) that accounts for many of the observed 

phenomena. Drawing on research on visuomotor sequence learning, they pointed to the 

striatum´s involvement in the shaping effects of implicit motives on behavior. This is in line 

with my reasoning in the introduction and especially with my empirical data that were 

deliberately based on instrumental conditioning of performance accuracy (in terms of less 

errors), because of the striatum´s link to reinforcement-based learning (Delgado et al., 2005) 

and because basal ganglia-dependent learning is contingent on error signals mediated by 

dopamine (Hikosaka et al., 2002). The circle is closed by Schultheiss and Schiepe-Tiska 

(2013) implying the dorsoanterior striatum in n Power-related reinforcement phenomena 

regarding for example implicit learning accuracy, and not speed, given compatible incentives 

(though they also considered such a mechanism for the other two motives). 
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Moreover, the larger framework by Schultheiss and Köllner (2014), the virtuous-

circle model of motive-driven learning, accommodates for the adaptive value of the 

instrumental conditioning principle, too (see their Figure 1 for an overview). The model 

portrays the role of implicit motives in competency development and proposes specific 

functions of specific brain structures in this process: The affect-amplifying function of 

motives leads to better memory of the context of the affect-related event via the 

hippocampus, amygdala-dependent conditioning of event-predictive cues, and, most 

important to my research, striatum-mediated motor-behavior-reinforcement, with those three 

factors together forming an integrated learning experience promoting behavioral competency 

that in turn promotes adaptive, reinforcement-attaining behavior in the future, ultimately 

forming a virtuous circle.  

The experiences made by the participants during the DILT may be a micro-example 

of the larger model, with the amygdala acquiring event-predictive cues – dot sequences in the 

context of colors are accompanied by appearance of different FEEs – and the hippocampus 

contributing to effective learning by constraining Pavlovian learning to the situational context 

– color as the discriminative stimulus for a specific sequence pattern in some way associated 

with a specific FEE. Finally, the striatum provides motor-behavior reinforcement and actual 

instrumental learning via the affective consequences of the FEEs encountered after correctly 

(or incorrectly) executing the sequences and enhances implicit sequence learning (or 

deteriorates it, in case of rewarding errors). Even if these speculations may be bold 

considering my simple lab-paradigm, in any case this thesis provides support for the striatal 

aspect of the model. Particularly the direct effect of n Power in Study 4 shows that individual 

differences in this motive lead to behaviorally observable learning experiences that grow 

more sophisticated over time, from T1 to T2 in my block-dependent case, once enough 

instances of an event have been encountered and evaluated by motive-amplified affect. 
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However, my other studies were not always as clear regarding direct n Power effects 

(therefore the dashed arrow in Figure 8.1), and thus taking my results at face value there are 

additional factors to be taken into account, at least in the context of FEE-dependent implicit 

learning (see Figure 8.1 for a tentative model). As stated above, motives do not exist in a 

vacuum, and other factors like gender congruence and AI may be involved in a complex 

process ultimately related to social intuition. First and foremost, most of my results did not 

feature a direct influence of n Power, with AI being involved in most prominent interactions. 

 

 

Figure 8.1. Tentative model of factors influencing implicit learning and subsequent social 

behavior in the presence of FEE-reinforcement. An “X” represents the interaction of factors 

(n Power and activity inhibition) or factor combinations (n Power, activity inhibition, and 

gender match). Direct pathways from (dis)incentives to dopamine changes are omitted, as a 

general instrumental conditioning effect of FEE-reinforcement regardless of motives was 

absent in the sub-studies.  

 

Combining my results with earlier research (Schiepe-Tiska, 2013; Schultheiss & 

Rohde, 2002) there is no doubt that AI has to be considered in any study involving n Power 

and instrumental conditioning paradigms. However, I believe that the nature of the paradigms 

plays a role in deciding if uninhibited power-motivated or IPM individuals have an implicit 

learning advantage. While in previous studies the former group produced the clearest results 

for outright contests with clear winners and losers, my studies suggest that the latter group 

may perform more adaptively in studies involving more subtle nonverbal feedback like FEEs, 
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and I see the results of Rösch et al. (2013), with IPM individuals reacting more socially 

adaptive to different FEEs, as strongly supportive of this view. 

For gender match, I still see a place in a model of implicit motives and instrumental 

conditioning, even if the result pattern was less clear than for AI. I admit that far-reaching 

conclusions cannot be drawn, because earlier research often was centered on one gender only, 

respectively (Schultheiss & Rohde, 2002; Schultheiss, Wirth, et al., 2005, study 1 and 2). 

However, there most likely is an influence of gender match combined with n Power, as the 

results of Schultheiss, Pang, et al. (2005) show, even if they were not obtained in an actual 

instrumental conditioning task. As such a task combined with FEEs and motives was used for 

the first time in this thesis, I do not exclude gender match from future considerations, even if 

only an isolated marginal, non-robust result also including n Power and AI was obtained in 

Study 4 only. The dashed arrow in Figure 8.1 shows that I am still optimistic about the 

existence of replicable four-way effects of all predictors given enough test power and further 

optimized designs. Moreover, the direct effect of gender match on its own showing up 

repeatedly in the sub-studies underscores its meaning as a facet of intra-sexual versus inter-

sexual competition (Wilson, 1980) leading to different meanings of dominance and affiliation 

signals for opposite- and same-sex relationships (cf. Stanton et al., 2010). As individuals high 

in n Power or n Affiliation should in turn be more sensitive to dominance- or affiliation-

signals, respectively (Stanton et al., 2010), I hope for clarification of the higher-order 

relationships by future research. 

Regarding the neurobiological foundation of my results, I follow Schultheiss and 

Schiepe-Tiska (2013) in assuming that observed instrumental conditioning effects were 

mediated by dopamine increases and decreases in the dorsoanteriror striatum when 

encountering rewards or punishments during spatial sequence learning, respectively. 

However, studies using neuroimaging techniques will have to provide definitive evidence for 
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this assumption. I believe the direct effect of gender match on implicit learning to be 

dopamine-mediated, too, because of its adaptive evolutionary relevance, and as Schultheiss 

and Schiepe-Tiska (2013) state that not all dopamine changes may be driven by n Power. 

In sum, the topic provides rich potential for further research: Drawing on the 

behavioral-competency-development framework by Schultheiss and Köllner (2014), I 

suppose that while this thesis was a direct attempt at collecting evidence of an instrumental 

conditioning principle, the processes observed under controlled lab-conditions here are part 

of an ubiquitous motive-dependent learning phenomenon regarding facial expressions, 

gestures and other aspects of everyday interactions. Thus, implicit learning overlapping with 

social intuition (Lieberman, 2000) seems to be one of the pathways through which motives 

influence adaptive behavior (cf. Schultheiss & Schiepe-Tiska, 2013). I expect similar motive-

dependent relationships in other domains where implicit learning can act as a substrate for 

social intuition (Lieberman, 2000), for example, complex movements, vocalizations, or other 

parts of “the dance of nonverbal communication” (Lieberman, 2000, p. 123) 

8.3 Limitations 

Systematically testing a principle for the first time is prone to many limitations, as a 

basic and reliable methodical approach has to be explored first. Thus, I restrict this section to 

the ones that, in my opinion, are the most important problems inherent in my studies: 

First, if a truly systematic picture of FEEs and motive-dependent instrumental 

conditioning was to be achieved, why did I not test all three emotions in question, anger, joy, 

and surprise, or even all FEEs featured in the MFT circumplex within the same study? This 

criticism needs to be addressed, considering that my model-study, Schultheiss, Pang, et al. 

(2005), had the advantage of combining no-face, neutral face and emotional face 

contingencies, with the latter being further divided in anger, joy, and surprise. However, I did 

not build a large, multi-condition study because I wanted to collect evidence of a principle in 
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the first place. Including more FEEs within the same study would have required participants 

to learn more than two sequences, and besides the possibility of destroying robust implicit 

learning effects by overburdening participants with too many different contingencies, colors, 

and emotional effects within a short time, the danger of fatigue and waning test motivation 

within the inevitably much longer training sections seemed to risky. In addition, testing a 

principle demands designs that are as simple as possible to establish an effect before more 

complex research can be conducted. Even within my comparatively simple design, effects 

often were less than clear and did not always replicate in my sub-studies - One large study 

would have increased the danger of over-interpreting spurious significances, especially 

because I also considered n Affiliation, running a host of significance tests. Future studies can 

now address the effects of other FEEs in the MFT circumplex.  

Second, why did I not include explicit motives in my analyses, even if for example the 

UMS (Schönbrodt & Gerstenberg, 2012) and the PSE-Q (Schultheiss, Yankova, et al., 2009) 

which were included in Study 4 would have permitted such analyses? For the theoretical 

reasons given in the introduction, I believe nothing would have been gained by breaking the 

implicit/explicit framework by Berridge and Robinson (2003a), mixing explicit motives with 

implicit learning, especially considering that my design was completely tuned to the implicit 

level and for example explicit learning was only seen as an undesired by-product. Future 

research, perhaps even with data collected within this project, can easily clarify the (absence 

of) relationships between implicit instrumental conditioning and explicit motives. 

Third, another drawback especially considering attempts to link motives and 

instrumental behavioral learning to hormonal changes (Schultheiss & Rohde, 2002; 

Schultheiss, Wirth, et al., 2005) was that my analyses did not use hormone data to further 

corroborate the results. However, I wanted to test a behavioral principle and the scope of this 

thesis already was considerably broadened by inclusion of two motives, various explicit 
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learning tasks, and additional control modules. Of course, assessing for example testosterone 

like in the studies mentioned above would have enabled additional analyses in terms of post-

test testosterone changes for participants who had been mainly exposed to neutral or 

submissive versus those mainly exposed to dominant stimuli. Thus, future research should 

include hormone assessment and perhaps other biological measurements (see below). 

Fourth, a problem inherent to the DILT-approach since its first implementation 

(Schultheiss, Pang, et al., 2005) is that accuracy – the basis for forming the dependent 

variables – is also used as the cut-off-criterium for valid data. However, this undesirable 

confounding was inevitable for excluding participants who did not follow instructions by just 

pressing random keys or who had no potential for learning: On the one hand, I checked for 

participants who did not make errors at all, because such individuals had no opportunity to 

realize that a different reinforcement contingency was associated with making errors than 

with correct key presses. The necessity of a sufficient amount of errors and thus sufficient 

experience with different FEE-contingencies was, besides my power issues, also the reason 

why I did not use an even stricter criterion than 12% error responses. On the other hand, the 

12%-criterion assured that participants did not make so much errors that they never saw the 

contingency for correct key presses. Even if resulting in many exclusions in Study 2 and 3, 

this criterion most likely was the lower boundary of trustable scores, as it allowed for an 

average of almost 1.44 errors per sequence – and a single wrong key press sufficed to be 

shown another contingency than executing the sequence without errors.
20

 For future studies, 

usage of the HF-DILT is recommended, because here FEEs are encountered more frequently 

                                                           
20

 As participants who never saw the FEE-contingencies for correct or wrong sequence execution at all were not 

usable, I computed two variables for each study determining how often participants had made at least one error 

on a given sequence during FEE-training for Study 2 and 3, and how often errors were made during FEE-

training for the trial-wise reinforcement for Study 4. There were no participants across the three studies who had 

never seen the FEE-contingencies for correct and wrong sequence- or trial-execution at all, except for one 

participant in Study 3 who had never executed the yellow sequence correctly. However, this participant had 

been excluded from data-analysis anyway due to an overall DILT-performance of 4.58 correct key presses per 

sequence. 
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on a trial-wise basis, providing more opportunity for implicitly realizing the reinforcement 

contingencies. 

Fifth, there is research postulating differential effects or systems of reward and 

punishment in SRT tasks as well (Wächter et al., 2009). However, until robust and replicable 

research on this topic is carried out for designs like those used here, I continue to interpret 

reward and punishment according to the classical approach as two sides of the same medal 

for instrumental conditioning purposes (strengthening of behaviors in the case of reward, 

weakening of behaviors in the case of punishment; cf. Weiss, 2014). Above that, this other 

line of research was carried out with monetary reinforcement and based on RTs, not allowing 

for clear-cut comparisons to my approach.  

Finally, the criticism stated in Study 4 applies to all instrumental conditioning studies 

in this thesis: They all followed an accuracy-dependent reward/punishment contingency and 

were all optimized towards detecting n Power-related effects. Thus, looking at the accuracy 

optimization of the DILTs used, possible effects of n Power, and of n Affiliation, on 

instrumental conditioning of speed could not be analyzed here. In the absence of an adequate 

underlying reinforcement contingency, only effects paralleling those for accuracy gain 

differences were interpretable. However, I had to make a consistent decision regarding the 

contingencies across all sub-studies to avoid introducing incompatible designs, thus 

disrupting my systematic approach. Building on Schultheiss and Schiepe-Tiska (2013), the 

case for accuracy was much stronger than for speed, making the decision straightforward.  

A similar case can be made for the focus on n Power. The capability of n Affiliation 

to influence instrumental conditioning processes may have been underestimated, perhaps 

with exception of Study 2, where joy-FEEs, which are also relevant to n Affiliation (Stanton 

et al., 2010), were used. However, Schultheiss and Schiepe-Tiska (2013) specifically 

mentioned the combination of implicit learning accuracy with power-incentives and so 
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centering my analyses on n Power was straightforward, too. Overall, these two inter-related 

limitations only apply to my additional analyses and future research may clarify speed- and n 

Affiliation-contingencies by changing the reinforcement criterion or the FEEs used. 

8.4 Future Directions 

Many possible lines for future research are already identified in the sub-studies. I limit 

this section to the ones that seem most promising in the light of the research conducted so far. 

8.4.1 Future research using the DILT-paradigm. 

This thesis showed that the DILT is able to capture complex effects of motives on 

instrumentally conditioned implicit learning. Thus this measure is a viable method with 

established effectiveness for future research on this domain. Based on this thesis` outcome, it 

is advisable to use DILTs of sufficient length, be it sequence length (12 elements, see Study 

1) or overall length (see Study 4). Distractors may not be necessary (Study 1), but massive, 

trial-wise reinforcement seems to be apt for detecting instrumental conditioning effects of 

FEEs (Study 4). Depending on whether one wants to establish an effect of a given motive in 

general or rather estimate the magnitude of a given FEE´s effect in the context of a specific 

motive, choosing FEEs with a maximum distance in the MFT circumplex or using only one 

FEE with a neutral expression as anchor is recommended, respectively. 

If a new DILT should be developed based on these recommendations, the HF-DILT 

for n Affiliation, the other social motive, mentioned in Study 4, seems most promising. 

Candidate FEEs would be disgust, constituting ideal punishment, and joy, being a good 

choice for reward (cf. Stanton et al., 2010, Figure 2). From this approach, I expect new 

insights on a possible stronger gender match effect in the context of low n Affiliation as well 

as a fair test of the magnitude of this motives` effects in the context of adequate incentives. 

Things are more complicated for the last one of the Big Three, n Achievement, 

because the social dimensions featured in MFT cannot be easily adapted to the concern to do 
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well on tasks (Stanton et al., 2010). A DILT featuring verbal reinforcement, for example 

sequence wise performance feedback (“Faster!”, “Be more accurate!”) would break the 

implicit/explicit framework on which this thesis was based. A better approach might be test-

block-wise presentation of visual diagrams with self-referenced feedback as to whether 

participants individual performance improved or decreased (cf. Brunstein & Hoyer, 2002; 

Brunstein & Maier, 2005, for a possible procedure). However, Stanton et al. (2010) mention 

the social roots of n Achievement and provide some evidence for a possible sensitivity to 

FEEs (for an overview, see Stanton et al., 2010), and so there might be a starting point for 

constructing a DILT like those featured above for n Achievement, too, which in my view is 

preferable to experimenting with verbal or abstract diagram-based feedback. 

Finally, the model by Schultheiss and Köllner (2014) provides rich opportunity to 

explore the interrelationships between different types of learning influenced by motives. For 

example, motives` influence on amygdala-dependent Pavloian conditioning could be tested 

procedurally using the DILT or another instrumental learning paradigm: In a first stage, 

conditioned rewards or punishments for individuals high in n Power could be produced by 

associating a previously neutral stimulus, like a geometrical shape, reliably with occurrence 

of a surprise or anger face respectively. If these conditioned reinforcers could be shown to 

produce similar motive-dependent scaling effects as surprise or anger FEEs per se in a 

subsequent HF-DILT, this would support the effectiveness of motive-dependent Pavlovian 

conditioning of stimuli in the amygdala. Further, it would support the conclusion that 

conditioned reinforcers acquired via Pavlovian conditioning can influence subsequent 

instrumental learning in the domain of motives. Also, motives` influence on episodic and 

context-sensitive memory could be explored by testing if motive-dependent differential 

learning gains on a DILT with the same colors as discriminative stimuli are still observable in 

a re-test a few days later, or, more directly, by showing the DILT-sequences to participants 
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after the test and using an affective rating measure. In the latter case, the context – colors and 

specific sequences – may have become associated with the affective consequences of the 

FEEs encountered there. 

8.4.2 Future research on motives` instrumental conditioning effects beyond the DILT. 

8.4.2.1 Meta-analytic corroboration of the effect. 

As further robust documentation of implicit motives` capability to influence implicit 

instrumental conditioning would be an important addition to motive research in general and 

to its experimental predictive validity in specific, also a robust estimation of its actual 

magnitude, direction, and prerequisite conditions would be a valuable contribution. I thus 

recommend a meta-analysis as soon as similar studies have been conducted on basic FEEs 

not featured here and with designs more apt to detect possible influences of n Affiliation, or 

even of n Achievement. Such a fragile effect is likely to be moderated by the specific FEEs 

used and by motive domain and meta-analysis may help to systematically detect such 

moderators. I am aware that studies with different FEEs, differing training length and 

reinforcement intensity and so on are not easily comparable and that other methodical factors 

like sample size and motive measurement were not identical in the studies so far. Thus there 

is the danger of such an analysis being confronted with standard criticisms of meta-analysis 

(see Rosenthal & DiMatteo, 2001, for an overview), like mixing “apples” and “oranges”. But 

those issues could be added as moderators in the meta-analytis. Thus a promising approach 

might be the method by Hunter and Schmidt (2004) which allows for correction for various 

parameters like sample size or measurement error, and which has already been used in 

implicit motive research (Köllner & Schultheiss, 2014). 

8.4.2.2 Methodical alternatives to using the DILT. 

While the DILT has demonstrated its ability for detecting motives´ effects on 

instrumental conditioning, it has some practical disadvantages: First, it is complex in terms of 
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programming and data analysis. The complexity of the investigated effects requires 

generating highly aggregated and transformed variables to arrive at the desired accuracy gain 

differences. While documenting all steps of data analysis in syntax files and computing 

double-checks by determining the values for some participants once again by hand in all sub-

studies should have eliminated possible errors in this thesis, interpreting highly complex data 

nevertheless remains an integral part of DILT-studies. 

Second, there are many prerequisites before motive effects can be examined at all. For 

example, in practice trials with limited response time participants have to be trained in a way 

that enough errors for meaningful data analysis are made in a very simple task. In addition, 

the negative transfer effect has to be documented and to be influenced by sparse (Studies 2 

and 3) or subtle (Study 4) FEE-feedback which in turn has to be subject to scaling effects of 

an individual´s motive strength. Studies that fail to meet those prerequisites are lost as a 

whole in terms of investigating motives` instrumental conditioning effects. 

After the evidence of a principle collected in this thesis and earlier hints at motives` 

effects on instrumental conditioning (Schultheiss, Pang, et al., 2005; Schultheiss & Rohde, 

2002; Schultheiss, Wirth, et al., 2005), it is advisable to test if there are more parsimonious, 

efficient, or shorter paradigms than the DILT. While I tried to shorten the DILT or add 

distractor stimuli in Study 1 and experimented with massed reinforcement in Study 4, a 

completely different test is desirable for generalizing the results observed, too. However, this 

test must be time-efficient to avoid fatigue, as repeated presentation of the performance-

outcome contingencies is necessary. Considering the results of Study 4, a sufficient number 

of repetitions might even be a prerequisite for some effects to appear. Another issue is the 

need for a true contingency on performance, which can be achieved neither via contest 

studies with predefined numbers of rounds won or lost (cf. Schultheiss, Wirth, et al., 2005) 

nor via bogus feedback (cf. Brunstein & Maier, 2005).  
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A new task that might be able to get at the questions investigated here was proposed 

by Stoeckart et al. (in preparation) in an investigation labeled as testing n Power effects on 

repeated action-selection. It involves participants repeatedly being free to decide which of 

two keys to press, each of which leading to presentation of faces. Without participants` 

awareness, one key is associated with “dominant” and the other with “submissive” faces 

(taken from the Dominance Face Data Set; Oosterhof & Todorov, 2008) and thus with a 

possible incentive or disincentive for n Power, respectively. Thus, participants can “learn” to 

press a key corresponding to their implicit motives´ strength. Should the task further prove its 

effectiveness, it would provide a more parsimonious alternative to the DILT. 

Even if hormone changes in blood, taking seconds or even minutes, may not be fast 

enough to account for trial- or sequence-wise reinforcement phenomena observed in the 

DILT, links between situational outcomes, testosterone changes, n Power and implicit 

learning, at least for men, portrayed in the introduction (see also Schultheiss, 2013; Stanton & 

Schultheiss, 2009) call for research in this domain, too. Perhaps at least individuals being 

exposed to mainly dominant versus mainly submissive reinforcers most of the time will show 

decreases or increases in testosterone in saliva after the main task. This new approach and 

also DILT-related research could, besides routinely assessing hormones (including estradiol 

as a likelier dominance hormone for females, cf. Schultheiss, 2013; Stanton & Schultheiss, 

2007), be extended with 2D:4D- measurement (for a study involving motives, see Schultheiss 

& Zimni, in press) and a measure linked to testosterone, facial width-to-height ratio (fWHR; 

Carré & McCormick, 2008; Lefevre, Lewis, Perrett, & Penke, 2013; Weston, Friday, & Liò, 

2007) to further evaluate the perspectives of this instrument. The latter two instruments can 

be used as proxy measures intended to also capture organizational effects of hormones 

perhaps associated with n Power (for a possible model, see Schultheiss & Zimni, in press).  
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8.4.2.3 Practical applications and real-life-settings. 

While I am cautious about drawing too far-reaching conclusions, perhaps there will be 

practical applications of motive-dependent instrumental conditioning one day, perhaps even 

contributing to “a science of pleasure” (Kringelbach & Berridge, 2009, p. 479) aimed at using 

basic scientific insights to make everyday life more enjoyable and meaningful. If the motive 

levels of students, athletes, or apprentices are known, their implicit learning experiences 

during training, practice, and sports could be enriched with feedback dependent on their 

personality. In theory, this should be possible for any form of skill learning where automatic 

predictive sequencing subserved by the striatum (Lieberman, 2000) may be involved, ranging 

from acquiring the steps of a movement sequence when learning to dance to adequately 

performing steps of tasks like writing, complex statistical operations, or the like with 

computer programs. Feedback could be delivered by improving computerized training 

programs with, perhaps subliminal, facial feedback or instructing teachers and trainers to 

actively display such feedback to for example make clear that an outstanding performance of 

a power-motivated individual had an impact on another person. However, future research will 

have to corroborate the effects obtained in this thesis in the first place, and then provide a 

more unambiguous background on the influencing factors like gender, sender gender, and so 

on, and to clarify their mechanisms, before such sophisticated instruments can be developed. 

8.5 Conclusions 

To conclude, the present research, along with earlier hints at connections between 

motives and instrumental conditioning (Schultheiss, Pang, et al., 2005; Schultheiss & Rohde, 

2002; Schultheiss, Wirth, et al., 2005), in my opinion has collected enough systematic and 

replicable evidence to postulate a principle of implicit motives influencing implicit 

instrumental conditioning processes, at least in the presence of adequate incentives like FEEs, 

whose reward value is then “scaled” by motives. Focusing on n Power, the most consistent 
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evidence was obtained for a combination of this motive and AI, with a special role played by 

the IPM pattern. While results were sometimes dependent on perceiver or sender gender, 

respectively, interactions between n Power and AI were present in all sub-studies including 

motives and obtained using different DILT-versions and FEEs. For the IPM, I thus assume 

specific and adaptive social learning, which may be based on marked dopamine spikes and 

troughs in the dorsoanterior striatum when confronted with suitable incentives or 

disincentives, respectively (Schultheiss & Schiepe-Tiska, 2013), and which has been hinted at 

by prior research (e.g. Rösch et al., 2013). While focusing on accuracy-related data, I also 

explored influences of n Affiliation, adding to the systematic approach. Findings are best 

interpreted within a general framework of reward (Berridge & Robinson, 2003a; 2003b; see 

especially their Figure 1) as a combination of individual differences in implicit motivational 

incentive salience (“wanting”), shaping response reinforcement (associative learning) via 

motive-matched FEEs for which a hedonic impact (“liking”) is defined by motive-strength. 

In addition, varying DILT-parameters like distractor use, sequence length, or 

reinforcement frequency, I tested their effectiveness for eliciting implicit learning and 

instrumental conditioning effects. This should provide researchers with a sound paradigm for 

testing the effects of motives and other personality dispositions on instrumental conditioning. 

I hope that I was able to create a starting point for future research building on this 

principle and for extending it to other motives, incentives and paradigms. 

9. Zusammenfassung 

Diese Dissertation testete ein Prinzip, demzufolge implizite Motive implizite 

instrumentelle Konditionierungsprozesse beeinflussen. Hierfür untersuchte ich anhand von 

vier Studien mögliche Skalierungseffekte impliziter Motive, unbewusster motivationaler 

Bedürfnisse, die Verhalten selegieren, energetisieren und ausrichten, auf implizite 

instrumentelle Konditionierungsprozesse in einem Sequenzlernparadigma. Der Fokus lag auf 
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dem Machtmotiv, der Disposition, Einfluss auf andere als angenehm zu empfinden. Dabei 

stützte ich mich auf die affektverstärkende Funktion impliziter Motive, die bei hoher 

Motivausprägung motivadäquate positive Anreize umso positiver und motivadäquate 

negative Anreize umso negativer auf emotionaler Ebene erscheinen lässt und damit 

instrumentelle Konditionierung durch deren Verwendung als Belohnungs-/Bestraferreize 

erleichtern sollte. Als Indikator für Konditionierungseffekte zog ich implizites Lernen in 

einer Sequenzlernaufgabe im Stil des Serial Response Tasks, dem Differential Implicit 

Learning Task (DILT), heran und verknüpfte es mit performanzabhängiger Verstärkung nach 

dem Kriterium der Genauigkeit, bzw. Fehlerfreiheit, bei der Ausführung von Sequenzen oder 

von deren Elementen. Implizites Lernen wurde anhand der Genauigkeit bei festen, sich 

wiederholenden, lernbaren Sequenzen versus der Genauigkeit bei zufälligen Sequenzen 

untersucht (negativer Transfereffekt). Der Grund für die Wahl von Genauigkeit statt 

Reaktionszeit als abhängige Variable war dabei, dass die Basalganglien, die sowohl eine 

Rolle bei Machtmotiv-relevanten Verstärkungsphänomenen, als auch beim Lernen 

räumlicher Stimulus-Sequenzen spielen, vor allem über Fehlersignale Lernen beeinflussen. 

Darüber hinaus wurden die Basalganglien mit sozialer Intuition in Zusammenhang gebracht. 

Basierend auf Theorien, die implizites Lernen mit sozialer Intuition verbinden und der 

motivationalen Feldtheorie, die den Anreizgehalt verschiedener emotionaler 

Gesichtsausdrücke für bestimmte implizite Motive beinhaltet und damit auf der 

Affektverstärker-Wirkung aufbaut, wurden für das Machtmotiv relevante Gesichtsausdrücke 

als Verstärker für das performanzabhängige Feedback im DILT gewählt. Dabei sollten 

dominante Gesichtsausdrücke wie Freude oder Ärger als Verstärker im Vergleich zu 

neutralen Gesichtsausdrücken schlechtere implizite Lernleistungen hervorbringen, positive 

Anreize für Machtmotivierte wie submissive Gesichtsausdrücke (Überraschung) aber 

positive. Basierend auf Vorgängerstudien beinhalteten meine Analysen zusätzlich zum 
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Machtmotiv die Aktivitätsinhibition (AI; erfasst durch Zählen des Wortes „nicht“ in der 

Picture Story Exercise, kurz PSE, der projektiven Standardmessmethode für implizite 

Motive) und Geschlechtskongruenz (Übereinstimmung versus Nicht-Übereinstimmung von 

Betrachtergeschlecht und Geschlecht der auf den Gesichtsausdruckbildern gezeigten Person). 

Explorativ testete ich zudem mögliche Effekte des Bindungsmotivs, der Disposition, 

harmonische Beziehungen mit anderen zu genießen. 

In der ersten Studie wurde das DILT-Paradigma hinsichtlich seiner Impliziten-

Lerneigenschaften im Bereich Genauigkeit/Fehlerzahl vorgetestet und Optimierungspotential 

erkundet. Hierfür wurden implizite Lerneffekte für jeweils drei Testblocks und zwei 

Sequenzen, eine in blauer und eine in gelber Farbe, in Versionen mit unterschiedlicher 

Sequenzlänge (acht vs. 12-Elemente) und mit und ohne Einsatz zusätzlicher Distraktorreize 

zum Target verglichen. Insgesamt zeigten sich überwiegend stabile implizite Lerneffekte auf 

dem Reaktionszeit- und vor allem dem Genauigkeitskriterium. Die Sequenzlänge an sich 

beeinflusste die impliziten Lerngewinne nicht. Explizites Lernen, erfasst mit einer 

Reproduktions- und zwei Wiedererkennungsaufgaben, beeinflusste die Ergebnisse nicht 

systematisch. Insgesamt zeigte Studie 1, dass das DILT-Paradigma robuste implizite 

Lerneffekte erzielt und dass die 12-Element-Version ohne Distraktoren aufgrund der (auf 

deskriptiver Ebene) höchsten Fehlerzahl und der Tatsache, dass in Versionen ohne 

Distraktoren die höchsten Genauigkeitsgewinne erzielt wurden, beibehalten werden sollte. 

Studie 2 und 3, deren Designs weitgehend äquivalent waren, waren die ersten Studien, 

die performanzabhängige Verstärkung mit impliziten Motiven und implizitem Lernen 

kombinierten. Damit erlaubten diese Studien, die jeweils die PSE zur Messung impliziter 

Motive und den 12-Element-DILT verwendeten, Genauigkeitsgewinnunterschiede zwischen 

zwei unterschiedlich verstärkten Sequenzen unterschiedlicher Farbe als instrumentelle 

Konditionierungseffekte zu interpretieren. Zur Maximierung des differentiellen Lerngewinns 
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zwischen den Sequenzen wurden die emotionalen Gesichtsausdrücke, die in einer Sequenz 

als Verstärker eingesetzt wurden, in der anderen als Bestrafungsreize präsentiert und 

umgekehrt. Aufbauend auf der motivationalen Feldtheorie wurden in beiden Studien jeweils 

neutrale und dominanzrelevante (Freude in Studie 2, Ärger in Studie 3) Gesichtsausdruck-

Klassen als Verstärker bzw. Bestrafungsreize verwendet, um im instrumentellen 

Konditionierungsprozess tatsächlich Motive anzusprechen. Die motivabhängigen 

Skalierungseffekte auf implizites Lernen waren nicht so klar wie vorhergesagt: Weder fand 

sich ein direkter Effekt des Machtmotivs, noch des inhibierten Machtmotivs, einer 

besonderen Motivkonfiguration mit hohem Machtmotiv und hoher AI, für die ich eine noch 

deutlichere Ausprägung der Effekte des Machtmotivs auf implizites Lernen vermutet hatte. 

Jedoch waren für das männliche Geschlecht in beiden Studien Anzeichen von Einflüssen des 

inhibierten Machtmotivs vorhanden: In Studie 2 übte das inhibierte Machtmotiv bei Männern 

einen positiven Einfluss im Kontext von Freude-Gesichtsausdrücken aus. In Studie 3 wurden 

für das inhibierte Machtmotiv –nicht sehr robuste – positive Ergebnisse für männliches 

Gesichtsausdruckgeschlecht im Kontext von Ärgergesichtern erzielt. Übereinstimmend mit 

der Annahme, dass die Motive des Betrachters einen Anteil am Anreizgehalt emotionaler 

Gesichtsausdrücke haben, zeigten sich keine motivunabhängigen generellen instrumentellen 

Konditionierungseffekte. Jedoch gab es in beiden Studien Geschlecht x 

Gesichtsausdrucksgeschlecht-Interaktionen, zum Beispiel war gegengeschlechtlicher Ärger in 

Studie 3 schädlicher für implizites Lernen als gleichgeschlechtlicher. Für das Bindungsmotiv 

wurde das einzige bedeutungsvolle Ergebnis in Studie 3 erzielt, ein 

Geschlechtskongruenzeffekt mit negativeren Effekten für gegen- versus 

gleichgeschlechtlichen Ärger bei niedrigem Bindungsmotiv. Beide Studien erzielten robuste 

implizite Lerneffekte. Alternativerklärungen in Bezug auf explizites Lernen waren 

unwahrscheinlich, da explizites Lernen die Hauptergebnisse nicht systematisch moderierte. 
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In Studie 4 wurden die Ergebnisse der DILT-Vortestung in Studie 1 mit den aus 

Studie 2 und 3 resultierenden Ideen, massierter element-weiser Verstärkung, zwei Test-

Blocks und Verstärkern, die die Motivausprägung des Gesichtsausdrucksenders in Betracht 

ziehen, verknüpft, um die Entdeckungswahrscheinlichkeit für instrumentelle 

Konditionierungseffekte von Motiven zu maximieren. Wiederum wurden zwei Sequenzen 

verglichen, diesmal unter Ausnutzung des kompletten Dominanzspektrums der 

motivationalen Feldtheorie, mit Überraschung (niedrig-dominant) und Ärger (hoch-

dominant) als Verstärker-, bzw. Bestrafungsreize. Zusätzlich erfasste ich anhand direkter 

Fragen, wie positiv die Versuchspersonen die Verstärker-Gesichtsausdrücke aus dem DILT 

empfanden. Der vermutete Effekt des Machtmotivs auf den differentiellen 

Genauigkeitsgewinn (Überraschung vs. Ärger) wurde gefunden, allerdings abhängig vom 

Testblock, negativ zu T1 und positiv zu T2. Auch zeigte sich ein positiver Einfluss des 

inhibierten Machtmotivs. Eine zusätzliche Gesichtsausdrucksgeschlecht x Machtmotiv x AI-

Interaktion wies im Gegensatz zu Studie 3 auf stärkere Befunde für weibliche Gesichter hin. 

Wiederum zeigten sich keine generellen, motivunabhängigen instrumentellen 

Konditionierungseffekte, diesmal aber auch kein direkter Geschlechtskongruenzeffekt. Für 

das Bindungsmotiv zeigte sich wiederum eine Interaktion mit Geschlechtskongruenz wie in 

Studie 3, ergänzt um Block, mit höheren relativen Lerngewinnen für gleich- gegenüber 

gegengeschlechtlichen Gesichtern zu T1 nur bei niedrigem Bindungsmotiv. Die expliziten 

Fragen nach dem positiven Empfinden gegenüber den eingesetzten Verstärkern korrelierten 

nicht mit Motiven und erzeugten kein systematisches Moderationsmuster für meine Befunde. 

Wiederum konnten die Ergebnisse auf impliziten Lerneffekten aufbauen und wurden nicht 

systematisch von explizitem Lernen beeinflusst.  

Aus den vier Studien leitete ich folgende Schlussfolgerungen ab: Erstens, implizite 

Motive nehmen replizierbar Einfluss auf instrumentelle Konditionierungsprozesse. Dabei 
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wurde erstmals performanzabhängiges Feedback verwendet. Jedoch ist zu berücksichtigen, 

dass der direkte Einfluss des Machtmotivs nur blockabhängig in Studie 4 auftrat und 

eventuell der Machtmotiv-AI-Interaktion, vor allem dem inhibierten Machtmotiv, besondere 

Bedeutung zukommt. Eine solche Interaktion zeigte sich in allen drei motivrelevanten 

Teilstudien, wenn auch in Studie 2 und 3 jeweils abhängig von männlichem Geschlecht, bzw. 

Sender-Geschlecht. Dies unterstützt Befunde, die darauf hindeuten, dass inhibierte 

Machtmotivierte ihr Bedürfnis nach Einfluss sophistizierter ausüben und sozial adaptiver auf 

emotionale Gesichtsausdrücke reagieren. Zweitens, Geschlechtskongruenz spielt eine Rolle 

in instrumentellen Konditionierungsprozessen mit Gesichtsausdrücken, vermutlich aufgrund 

unterschiedlicher interaktionaler Ziele in gegen- versus gleichgeschlechtlichen Interaktionen. 

Dabei wurden aber keine replizierbaren Interaktionen dieses Faktors mit dem Machtmotiv 

oder der Machtmotiv-AI-Interaktion gefunden. Drittens, AI darf in Paradigmen, die 

Machtmotiv und Gesichtsausdrücke beinhalten, nicht außer Acht gelassen werden, denn das 

konsistenteste Befundmuster über die Studien hinweg mit klareren Befunden für das 

inhibierte Machtmotiv wurde nur durch ihre Einbeziehung aufgedeckt. Viertens, der DILT 

kann sowohl allgemein für Anwendung mit Persönlichkeitstests, als auch für 

motivspezifische Anwendungen modifiziert werden und produziert danach klarere Resultate. 

Beiträge dieser Dissertation sind unter anderem die Testung verschiedener DILT-Versionen, 

die Hinzufügung element-weiser Verstärkung oder die Verwendung von Gesichtsausdrücken 

mit bekannter Motivlage. Fünftens basierten die Resultate tatsächlich auf implizitem 

instrumentellem Konditionieren, denn explizites Lernen beeinflusste die Ergebnisse 

ebensowenig systematisch wie die explizite Bewertung der Verstärker. Darüber hinaus 

zeigten die Ergebnisse übereinstimmend mit früherer Forschung, dass Genauigkeit in 

Anwesenheit passender Anreize vom Machtmotiv beeinflusst wird. 
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Abschließend interpretierte ich meine Ergebnisse im Sinne der Theorie, dass implizite 

Motive über ihre affekt-verstärkende Wirkung für motivadäquate Stimuli zur 

Kompetenzentwicklung beitragen: Am Beginn eines Kreislaufs stellen sie eine integrierte 

Lernerfahrung bereit, die behaviorale Kompetenz fördert, die wiederum zu adaptivem, zu 

Verstärkern hinführendem Verhalten in der Zukunft beiträgt, das wiederum zu positiven 

Verstärkungskontingenzen führt, die die Lernerfahrung verbessern und den Kreis schließen. 

Die von mir untersuchte, vom Striatum in den Basalganglien mediierte, instrumentelle 

Verstärkung motorischen Verhaltens ist hierbei einer der möglichen Pfade, auf denen Motive 

zu dieser Lernerfahrung beitragen. Meine Ergebnisse stützen deren Adaptivität insbesondere 

hinsichtlich der sozialen Intuition. Zusammenfassend wurde das vermutete Prinzip mit 

Einschränkungen unterstützt: Implizite Motive beeinflussen implizite instrumentelle 

Konditionierungsprozesse, zumindest aber für das Machtmotiv spielen dabei weitere 

Begleitfaktoren eine Rolle, vor allem AI. 

10. Summary / Abstract 

This thesis tested a principle according to which implicit motives influence implicit 

instrumental conditioning processes. Analyzing results from four studies I investigated 

possible scaling effects of implicit motives, motivational dispositions working outside of 

conscious awareness that select, energize and orient behavior, on implicit instrumental 

conditioning processes in a sequence learning paradigm. I focused on the power motive (n 

Power), the capacity to experience having impact on others as satisfying. Given a high motive 

level, an affect-amplifying function inherent to implicit motives imbues motive-relevant 

positive incentives with an even stronger positive affective quality and motive-relevant 

disincentives with an even stronger negative quality. This should facilitate instrumental 

conditioning if such incentives or disincentives are used as reward or punishment stimuli. My 

indicator of conditioning effects was implicit learning in a sequence learning task similar to 
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the Serial Response Task, the Differential Implicit Learning Task (DILT). It was combined 

with performance-contingent reinforcement according to an accuracy criterion, the number of 

errors made when executing the sequences or sequence elements. Implicit learning was 

assessed as accuracy on fixed, repeating, learnable sequences versus accuracy on random 

sequences (negative transfer effect). Accuracy was chosen as dependent variable, because the 

basal ganglia, which play a role both in n Power-dependent reinforcement phenomena and in 

learning spatial stimulus-sequences, influence learning particularly via error signals. Also, the 

basal ganglia have been linked to social intuition. 

Based on theories linking implicit learning and social intuition and on Motivational 

Field Theory (MFT) which includes the incentive value of different facial expressions of 

emotion (FEEs) for different implicit motives and thus builds on motives` affect-amplifying 

effect, n Power-relevant FEEs were used as reinforcers for performance-contingent feedback 

on the DILT. Dominant FEEs as reinforcers, like joy or anger, as n Power disincentives 

should deteriorate implicit learning performance compared to neutral FEEs, while submissive 

displays (surprise) as n Power incentives should improve it. Based on previous studies, my 

analyses besides n Power included activity inhibition (AI; assessed by counting the word 

“not” in the Picture Story Exercise, PSE, the projective standard measurement method for 

implicit motives) and gender match (match between perceiver gender and sender gender of 

the persons on the FEE-pictures). Exploratively, I also investigated possible effects of the 

affiliation motive (n Affiliation), the capacity to experience harmonious relationships with 

other people as satisfying. 

In Study 1, I compared the implicit learning accuracy potential of four DILT-versions 

of differing sequence length (eight vs. 12 trials) and distractor usage (no vs. one distractor in 

addition to the target stimulus), each featuring one blue and one yellow sequence and three 

interspersed negative transfer effect assessments. Overall implicit learning in terms of 
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accuracy and speed was stable for my DILT-modifications. Sequence length per se did not 

influence implicit learning gains. Explicit learning assessed in three different awareness tests 

did not systematically influence main results for accuracy. Overall, keeping the 12-trial-

sequence-DILT without distractors seemed advisable, because on a descriptive level error 

scores were highest there and accuracy gains were higher on no-distractor DILTs. 

Study 2 and 3 featured the first designs ever to combine performance-contingent 

reinforcement with implicit learning in a 12-element-DILT and implicit motives as assessed 

with the PSE. Accuracy gain differences between two sequences with different reinforcement 

contingencies were used as indicators of instrumental conditioning effects. To maximize the 

differential implicit learning gains, reward-FEEs on a blue sequence were the punisher-FEEs 

on a yellow sequence and vice versa. Deriving reinforcers from MFT to engage motives in 

instrumental conditioning, FEE-classes used as reward or punishment stimuli were a neutral 

and a dominance-relevant (joy in Study 2; anger in Study 3) FEE, respectively. A general 

motive-dependent scaling effect for n Power or the inhibited power motive (IPM), a 

combination of high n Power with high AI, was not obtained, respectively. However, in the 

context of joy-FEEs, IPM had a positive influence on differential learning gains for males in 

Study 2, and for male FEE-gender in the context of anger faces in Study 3, with the latter 

result being not robust. While there were no instrumental conditioning effects without 

considering motives, Gender x FEE-gender effects emerged, with for example opposite-sex 

anger being more detrimental to implicit learning than same-sex anger in Study 3. For n 

Affiliation, the only notable finding was a gender-match effect for low-affiliation individuals 

indicating a more negative influence of opposite- versus same-sex anger in Study 3. Overall, 

implicit learning in both studies was robust. Alternative explanations in terms of explicit 

learning were unlikely, as it did not systematically influence my main results. 
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Study 4 combined insights from Study 1´s implicit learning optimization with massed 

trial-wise reinforcement, two test-blocks and reinforcer-FEEs pre-tested for senders` implicit 

motive levels into a paradigm aiming at maximizing the probability for detecting motives` 

possible instrumental conditioning effects. Again comparing two sequences, MFT´s full 

dominance spectrum was used, contrasting surprise and anger, respectively, as reward or 

punishment. Additionally, I assessed liking for reinforcers with explicit questions on FEEs 

before and after the DILT. A direct, block-dependent n Power effect on differential accuracy 

gains (surprise versus anger) was obtained, which was negative at T1 and positive at T2, and 

a direct positive IPM effect. An additional Sender gender x n Power x AI interaction yielded 

stronger results for female faces, not for male faces like in Study 3. No instrumental 

conditioning effects regardless of motives and no general gender match effect were obtained. 

For n Affiliation, again an interaction with gender match like in Study 3 emerged, 

supplemented by block, with higher relative learning gains for same- versus opposite-sex 

faces at T1 in the context of a low n Affiliation. Explicit liking for the reinforcers used did 

not correlate with motives and did not systematically influence my results. Again results 

could draw on implicit learning and were not systematically moderated by explicit learning.  

From the four sub-studies, I derived the following conclusions: First, implicit motives 

replicably influence instrumental conditioning processes. For the first time, actually 

performance-contingent feedback was used. However, the direct effect of n Power was only 

observed in a block-dependent way in Study 4 and most likely the n Power x AI interaction, 

particularly IPM, is of special importance. Such an interaction was present in all three 

motive-relevant sub-studies, even if it was dependent on male gender or male sender gender 

in Study 2 and 3, respectively. This supports results indicating that IPM individuals exert 

their desire for impact in a more sophisticated way and react more socially adaptive to FEEs. 

Second, gender match plays a role in instrumental conditioning processes with FEEs, perhaps 
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due to differential interactional goals in opposite- vs. same-sex encounters. Yet there were no 

replicable interactions of gender match with n Power or the n Power x AI interaction. Third, 

AI has to be considered in paradigms including n Power and FEEs, because the most 

consistent pattern of results across sub-studies with clearer results for IPM was only detected 

through inclusion of AI. Fourth, the DILT can be modified on a general level for usage with 

personality tests and for motive-specific use and afterwards produces clearer results. 

Contributions of this thesis are, among others, comparing different DILT-versions, adding 

trial-wise reinforcement, or usage of FEEs with known motive levels. Fifth, results were 

actually due to implicit instrumental conditioning, because they were systematically 

moderated by explicit learning just as little as they were by explicit evaluation of the 

reinforcers. Moreover, in line with previous research, results showed that accuracy is 

influenced by n Power in the presence of matching incentives. 

In closing, I interpret my results based on the notion that implicit motives, via their 

affect-amplifying function for motive-relevant stimuli or events, contribute to competency 

development, with an integrated learning experience promoting behavioral competency 

which in turn promotes future reinforcement-attaining behavior which enhances the learning 

experience in a virtuous circle. The striatum-mediated instrumental reinforcement of motor 

behavior in the basal ganglia is one of the pathways through which motives contribute to this 

learning experience. My results underscore the adaptive value of this learning experience 

particularly regarding social intuition. Taken together, the supposed principle was supported 

with slight limitations: implicit motives influence instrumental conditioning processes, but, at 

least for n Power, other factors have to be simultaneously considered, particularly AI. 
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