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There are few who at once have thought and the capacity of action.  

Thought expands, but lames: Action animates, but narrows. 
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Imagine a young woman who comes across an open box of pralines standing next to the coffee 

machine in the company kitchen. The pralines are neatly arranged in a golden box, they look 

delicious and exclusive. Maybe even, they are handcrafted. The room is filled with a slightly sweet 

chocolate aroma; however, she does not notice it. The young woman feels exhausted. She just held 

a presentation in front of her department and gave everything. Without even asking herself who left 

the pralines and if she could try one, she approaches the box, picks a praline, puts it in her mouth, 

and enjoys it. She leaves the kitchen. On her way back to the office she wonders about the coffee 

she wanted to get initially…  

This situation is an example of impulsive behaviour that every one of us has experienced in this 

or a similar way. Not the behaviour itself but the associative and motivational processes that lead to 

such a behaviour shape the focus of this thesis. However, social scientists have always faced 

challenges in making such psychological concepts assessable without relying on interfering 

methods or asking for personal insights. The aim of the present dissertation was therefore to 

measure indirectly motivational approach (or avoidance) tendencies towards specific objects, such 

as food items. By modifying existing indirect measurement procedures, thereby addressing method-

specific criticism, this dissertation not only tests and advances those techniques but also introduces 

a novel procedure that could likely find favour in applied market research. 

In this introduction chapter the central, social cognitive concepts are laid out; specifically, an 

influencing dual-process theory, different indirect measurement methodologies and their 

descendants are introduced. Thus, this chapter aims to provide a common terminology for this 

dissertation as well as a basic framework for the general discussion.  
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Approach-avoidance motivation 

One of the oldest principles to account for human behaviour is the distinction between 

approach and avoidance motivation (Elliot, 2008). These two motivational distinctive processes are 

extremely rudimentary and represent the most fundamental and adaptive reactions found in any 

organism. Elliot defines approach motivation as “the energisation of behaviour by, or the direction 

of behaviour toward, positive stimuli (objects, events, possibilities)”, whereas he defines avoidance 

motivation as “the energisation of behaviour by, or the direction of behaviour away from, negative 

stimuli” (p. 8). Consequently, motivation activates, moves and directs behaviour and thus facilitates 

survival in life.  

Various theories from different fields of psychology assume that evaluation and consequently 

behaviour are facilitated by an approach and avoidance system, or by motivational orientation to 

approach or avoid something (e.g., Cacioppo, Priester, & Berntson, 1993; Carver & Scheier, 1990; 

Higgins, 1997, 1998; Neumann, Förster, & Strack, 2003; Strack & Deutsch, 2004). One the one 

hand, some of those theories emphasize goal-directed behaviour and assume, for instance, that the 

goal state determines either approach or avoidance motivation. In Higgins’ Regulatory Focus 

Theory, the promotion focus controls behaviour towards desired end states and the prevent focus 

regulates away from undesired end states. In Carver and Scheier’s Control Theory, behaviour is 

directed by the approach motivational system towards incentives, whereas the avoidance 

motivational system guides away from threats. Both theories imply that once the approach or the 

avoidance system is activated, it is stable and directs evaluation and behaviour throughout the 

whole goal pursuing process. On the other hand, there are theories which emphasise spontaneous 

response and construe cognitive evaluation as the backbone of motivated reaction (e.g., Neumann, 

et al., 2003; Strack & Deutsch, 2004). Thus, the immediate perception of positive or negative 

stimuli is inherently linked and automatically activates motivational approach or avoidance 
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orientation. Those theories imply that, depending on the situation, the environment and the attention 

of the person, motivational tendencies can rapidly switch.  

The importance of evaluation 

In the above-mentioned theories that focus on evaluations as determinants of approach-

avoidance motivation (e.g., Neumann, et al., 2003; Strack & Deutsch, 2004), it is assumed that 

people constantly scan their environment and automatically evaluate stimuli. Hence, the valence of 

a stimulus––understood as a stored or situational constructed cognitive representation of its 

incentive value––triggers a congruent motivational tendency that consequently facilitates the 

corresponding behaviour. The following is a short summary of research on automatic evaluations 

and how motivational orientations translate into behaviour.  

Appraisal theories (e.g., Frijda, 1986; Lazarus, 1991) have proposed different types of stimulus 

valence and consequently different evaluation mechanism. Specifically it has been assumed that a 

stimulus can either contain intrinsic or motivational stimulus valence (see Moors & De Houwer, 

2001). Intrinsic valence of a stimulus is considered relatively isolated, whereas motivational valence 

is determined by its motivational context, for instance, the goal of the perceiver. Lazarus (1991) 

exemplifies this with the concept of an aching muscle that is, if considered in isolation, usually 

evaluated as something negative, while after exercising it might be perceived (especially by an 

athletic person) as something positive. Motivational stimulus valence is defined as the “result of a 

comparison process between a factual, encountered stimulus situation, on the one hand, and 

desired situation (as prescribed by concerns or goals), on the other” (Moors & De Houwer, p. 750). 

A factual stimulus overlapping with the desired end state results in a positive motivational valence, 

however, if they mismatch, the motivational valence of the stimulus is negative. The motivational 

valence of a stimulus depends on a current goal of the perceiver and is not stable. In this way, an 
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empty fridge might not necessarily carry an intrinsic valence; however, depending on the goal of the 

perceiver (e.g., wanting food versus wanting to clean) the fridge can take on a motivational stimulus 

valence. Moors and De Houwer showed that motivational stimulus valence is processed rapidly, 

automatically, and without the intention to evaluate (also, see Moors, De Houwer, & Eelen, 2004; 

Moors, De Houwer, Hermans, & Eelen, 2005). In contrast, intrinsic valence is construed as a tag 

that is associated with the stimulus in an associative network, which is automatically activated by 

stimulus presentation or spreading activation (e.g., De Houwer & Hermans, 1994; Moors & De 

Houwer, 2001).  

This conceptualization of an evaluated stimulus with an intrinsic valence comes close to the 

general definition of an attitude, which is usually construed as an associative connection in memory 

between a specific attitude-object and its summary evaluation (Fazio, 1990; Fazio, Chen, McDonel, 

& Sherman, 1982). The term evaluation generally refers to the assessed and perceived valence of 

any given stimulus and thus describes one’s likes or dislikes for something (Tesser & Martin, 1996). 

In this dissertation, I do not discriminate between the terms evaluation and attitude, since it is 

almost impossible to draw a general line between these cognitive concepts (also, see Ferguson & 

Bargh, 2008). In accordance with this, an impressive bulk of literature suggests that people evaluate 

stimuli of their environment fast, automatically, unintentionally, efficiently and often unconsciously 

(e.g., Bargh, 1992; Bargh, Chaiken, Govender, & Pratto, 1992; Bargh, Chaiken, Raymond, & 

Hymes, 1996; Fazio, Sanbonmatsu, Powell, & Kardes, 1986; Ferguson & Bargh, 2003, 2008; 

Hermans, De Houwer, & Eelen, 1994).  

Various studies have shown that stimuli that carry an intrinsic valence (e.g., images of 

appealing food, smiling babies versus blood, cockroaches) automatically activate compatible 

motivational orientation, hence, approach-avoidance tendencies. Solarz (1960) was the first to 

empirically test such an evaluation-behaviour link. He asked participants to move a lever either 
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toward or away from themselves in response to positive or negative words written on cards. Solarz 

found that participants were faster when they pulled a lever towards themselves (approach response) 

when reacting to positive (task compatible) compared to negative (task incompatible) words that 

were written on cards. In contrast, subjects were faster when they pushed a lever away from them 

(avoidance response) for negative (task compatible) compared to positive (task incompatible) words. 

Applying computer hard and software, Chen and Bargh (1999) replicated and extended these 

findings: They provided evidence that the automatic classification of stimuli and its behavioural 

consequences even hold when participants were instructed to map their responses according to a 

feature that was irrelevant to the task (e.g., stimuli presentation time). The cause and, thus, the 

interpretation of these fundamental findings are still debated. The most prominent explanation is 

that evaluative information induces motivational orientation consequently facilitating approach and 

avoidance behaviour (Neumann, et al., 2003; Strack & Deutsch, 2004). Motivational orientation is 

thought to prepare and regulate behaviour; hence, they provide a rapid pathway from perception to 

behaviour.  

However, in line with an embodied cognition account, Cacioppo, Priesert, and Berntson (1993; 

also, see  Neumann, et al., 2003) suggested that evaluation activates motoric patterns. Hence, the 

arm flexor muscle would be directly related to approach reactions (e.g., pulling an object towards 

the body) and the arm extensor muscle to avoidance reactions (e.g., pushing an object away from 

the body). Recently, it has been shown that the same motoric pattern can translate into both––an 

approach or an avoidance reaction––depending on the reference point that was taken by the subject 

(Markman & Brendl, 2005; Seibt, Neumann, Nussinson, & Strack, 2008). Either the object or the 

self can be seen as a reference point. For instance, if the self represents the reference point and 

therefore is construed by the subject as relatively fixed in relation to the object, decreasing the 

distance by flexing the arm and moving the object towards the self is seen as an approach 
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motivation. In contrast, increasing the distance by extending the arm and moving the object away 

from the self is construed as an avoidance motivation. However, the same movement can get a 

different interpretation if the object is the point of reference. Consequently, if the distance is 

decreased by moving the self towards the object, the arm extends (e.g., pushing the hand out to grab 

something) and hence translates into an approach rather than an avoidance reaction. By increasing 

the distance and moving the self away from the object, the arm flexes (e.g., pulling the hand in to 

desert something) and this indicates an avoidance rather than an approach tendency.  

Finally, there is an alternative explanation that challenges the former accounts: Eder and 

colleagues (Eder & Klauer, 2009; Eder & Rothermund, 2008) have argued that compatibility effects 

are confounded by evaluative coding processes. Especially when the general tasks is described to 

the participant, evaluative codes are used that are often confounded with positive or a negative 

connotations and therefore could drive the effects and undermine the validity of the Approach-

Avoidance Procedure (AAP; described in more detail blow). For instance, faster reactions would 

typically occur when moving a joystick backward in response to positive stimuli and when moving 

the device forward for negative stimuli. However, the assigned response would often be confounded 

from the instruction of the task; for example, “pull” and “toward” have a positive valence, whereas 

“push” and “away” carry negative connotations. By changing the response labels to “upward” 

(positive) and “downward” (negative), Eder and colleagues were able to reverse the commonly 

found effects. Note that evaluative response codes can operate in both compatible and incompatible 

trials. Recent work by Kriegelmeyer, Deutsch, De Houwer, and De Raedt (2010) tested these 

contradicting prediction derived from the motivational orientations and evaluative coding. Their 

findings support the former account while evaluative coding seems to depend on participants’ 

intentions to process the valence of the stimulus (i.e., categorising stimuli according to their 
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grammatical properties, no evaluative coding effects were found). Therefore it was suggested that 

the motivational mechanisms operate independently and parallel to evaluative coding processes.  

Despite the detailed criticism, it can be summarized that intrinsic valence of a target object 

automatically activates a motivational tendency to increase or decrease the distance to it. The 

question of how motivational valence of a stimulus translates into behaviour is less researched. To 

my knowledge, only Moors and De Houwer (2001) have demonstrated that compatible motivational 

tendencies are activated by motivational valenced stimuli. In fact, neutral stimuli that were wanted 

facilitated positive valenced responses, whereas neutral stimuli that were not wanted facilitated 

negative valenced responses (but see Rothermund, 2003).  

The importance of a dual-process perspective 

In the last decades, the general question of “if evaluations and attitudes guide behaviour” has 

been twisted to “how evaluations and attitudes guide behaviour”. This movement was inspired by 

dual-process or dual-system theories (for a review, see Gawronski & Creighton, 2013) in the field 

of social cognition. Earlier it was fairly popular to propose typologies of possible functions of 

attitudes (e.g., Katz, 1960; M. B. Smith, Bruner, & White, 1956) or to include various aspects (i.e., 

situation, individual, attitude) in theories to explain and the attitude-behaviour gap. Prominent 

theories with those goals included the Theory of Reasoned Action (Ajzen & Fishbein, 1980; 

Fishbein & Ajzen, 1975) or the Theory of Planed Behaviour (Ajzen, 1991); however, both theories 

were criticized for only predicting intended behaviour, consequently, theories were needed that 

resolved this malfunction.  

The common characteristic of dual-process theories is that they involve two mental processes 

(e.g., controlled vs. automatic, reflected vs. impulsive, explicit vs. implicit), which guide social 

behaviour and judgments. Dual-process theories became influential not only in social psychology 
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but also in other disciplines, for example, Kahneman’s (2003) System 1/ System 2 processing model 

had a big hand in shaping the literature on judgment and decision-making in economics, and even 

philosophy (Samuels, 2009). 

Gawronski and Creighton (2013) argue that early dual-process theories were focused on a 

specific phenomenon, for instance, the Elaboration-Likelihood model (ELM; Petty & Cacioppo, 

1986) or the Heuristic Systematic model (HSM; Chaiken, 1987) focus on persuasion, whereas 

others were developed in the context of prejudice and stereotyping (Devine, 1989) or dispositional 

attribution (Gilbert, 1989). In the research on evaluations and attitudes, one of the early 

phenomenon-specific dual-process theories is the MODE model (Fazio, 1990) that stands for 

motivation and opportunity as determinants of the attitude-behaviour relationship. According to the 

MODE model, behaviour can be guided by two distinct processes that depend on a person’s 

motivation and the opportunity to engage in deliberate processing. So if motivation is high and the 

opportunity (e.g., time, resources) to engage in deliberate processing is given, a person makes a 

conscious decision to either show an attitude-related behaviour or not. If only one determinant is 

given, then this will result in a spontaneous attitude-behaviour process in the sense that any 

accessible and activated attitude will guide behaviour spontaneously.  

In contrast to phenomenon-specific theories, generalized dual-process theories aim to describe 

domain-independent mental processes and therefore seek to be integrative and applicable to 

different phenomena. Prominent examples include the Associative-Propositional Evaluation model 

(APE; Gawronski & Bodenhausen, 2006), the Cognitive-Experiential Self-Theory (CEST; Epstein, 

1994), as well as Smith and DeCoster’s (2000) model of associative versus ruled-based processing, 

and finally Lieberman’s (2003) Reflection-Reflexion model, which contributed immensely to socio-

cognitive neurosciences.  
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The Reflective-Impulsive Model (RIM; Strack & Deutsch, 2004), however, is not only the 

currently most influential dual-process theory in social cognition but also the only that includes 

motivational concepts (e.g., need states, rewards) besides cognitive and affective components.  

The Reflective-Impulsive Model 

In the RIM, social behaviour is described as a joint outcome of two distinct systems––an 

impulsive and a reflective system. The RIM has been applied in an array of fields, for instance, self-

regulation (Hofmann, Friese, & Strack, 2009; Hofmann, Rauch, & Gawronski, 2007), overspending 

(Strack, Werth, & Deutsch, 2006), or addiction (Deutsch & Strack, 2006). It differs from other dual-

process theories in so far as it assumes that both––impulsive and reflective processes––can occur 

consciously and un-consciously. The two systems follow different operating rules and are specified 

by different principles of representation. They run in parallel and also interact with each other. The 

impulsive system (IS) enjoys a priority position since it does not require cognitive capacity and is 

driven by immediate perceptual input. The IS is based on associative networks and elicits behaviour 

through associative links and motivational orientations. In fact, the underlying associative network 

includes perceptual features, behavioural programs, and valence that form associative clusters 

which can get activated and then spread activation to other parts of the specific clusters.  

Since the IS only requires little to no cognitive capacity and is based on associative networks, it 

may control behaviour less accurately, and less flexibly. In contrast, the reflective system (RS) is 

easy to disrupt and operates more slowly than the IS. In fact, the RS only operates when an 

intention and sufficient cognitive capacity is available. Its elements are connected through semantic 

relations to which truth or false values are assigned. This implies that the RS re-represents what was 

activated in the IS (i.e., in a symbolic format) and furthermore combines and applies abstract 

relations, such as truth, negation, or the concept of time that cannot be applied by the IS. In order to 
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influence behaviour, the RS generates a decision (based on stored knowledge) about the desirability 

and feasibility of a specific behaviour, hence, the RS sets a goal and formulates a behavioural 

intention.  

It is assumed that both systems influence behaviour through a common pathway that consists of 

behavioural schemata. Impulsive behaviour therefore occurs if the behavioural schemata are 

activated above a certain threshold through activation spreading in the associative network. In 

contrast, reflective behaviour is a consequence of behavioural schemata that were activated 

intentionally. Most importantly, the RIM takes global motivational processes into account either 

through motivational orientation or homeostatic dysregulation. Motivational orientations are inner 

states which prepare the organism to either approach or avoid objects. Motivational orientation may 

be induced by mere processing of positive or negative information, by experiencing positive or 

negative affect, or by perceiving as well as executing approach or avoidance movements. Therefore, 

it is assumed that motivational orientation also facilitates information processing, the experience of 

affective states as well as the implementation of the compatible behaviour.  

At the beginning of this chapter, I introduced various empirical studies (e.g., Chen & Bargh, 

1999; Rinck & Becker, 2007; Solarz, 1960) that demonstrate such compatible behaviour, hence, 

that approach (i.e., decreasing the distance to an object) and avoidance behaviour (i.e., increasing 

the distance to an object) is facilitated by positive and negative stimuli. Finally, besides these global 

approach and avoidance orientations, basic principles of homeostatic dysregulation are integrated in 

the RIM. For example, if a subject is deprived of a basic need (e.g., hunger, thirst, sanitation), 

behavioural schemata that are associated with the desired satisfaction (through past, learned 

experience), are activated in the IS and consequently, the associated behaviour is rapidly carried out.  
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A summarizing example 

In the following example, I will return to the young woman that came across an open box of 

pralines next to the coffee machine in the company kitchen. This time, however, the example will 

apply the reviewed concepts thus summarizing the first part of this chapter. It will bridge to the 

second part of this introduction which focuses on indirect measurement procedures.  

Once again, imagine a young woman who comes across an open box of pralines at the coffee 

machine. The perceptual input (e.g., the golden box, the exclusive pralines, the intense chocolate 

aroma) activates the concept “praline” in her associative network, which is a linked structure that 

combines endless mental representations in her long-term memory. A distributed activation pattern 

that represents “praline” is associated with a number of other activation patterns, representing 

delicious chocolate, pleasure, luxury, melting chocolate fudge, joy of eating, coffee, confectionary 

but also guilt, calories, and fat. She is hungry. Therefore, only the positive part of the associative 

cluster is activated, which in turn elicits an associated approach orientation. If a certain threshold in 

the IS is exceeded, the motivational orientation activates a behavioural schema, which triggers the 

execution of behaviour; hence, she approaches the box, picks a praline, puts it in her mouth, and 

eats it. Normally, her RS would have had enough cognitive capacity to generate a behavioural 

intention (e.g., I will not eat a praline) that is coherent with her dieting goals. But today, she feels 

exhausted and is alone in the kitchen. Normally, her behavioural intention would have activated a 

different behavioural schema, a schema that would have led her to drink a cup of coffee instead.  

Now imagine that a scientist would like to ascertain the young woman’s attitude towards 

chocolate in order to predict future consumption behaviour. A behavioural scientist would most 

likely ask the young woman to give her consent to let him stand in one corner of the company 

kitchen and quietly observe the scene. A traditional social psychologists (or consumer researchers) 

would per default try to measure the young woman’s attitude directly, asking her to rate the degree 
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to which she likes or dislikes chocolate on, for instance, a visual analogue scale or a Likert scale. A 

social cognition researcher, on the other hand, would see this as problematic: direct measurement 

approaches require that people have sufficient introspective abilities to generate an accurate 

response to a direct measure. Research participants need to be willing to report their responses in an 

unbiased manner and the answers provided could depend on the context and, for instance, vary by 

who asks the questions, how the questions are asked, and where the questions are asked (Sudman, 

Bradburn, & Schwarz, 1996). Most importantly, direct measurements may change the nature of an 

evaluative process from impulsive/implicit to reflective/explicit.  

Finally, in order to address some of these concerns, a social scientist who majored in implicit 

social cognition would test the young woman with an indirect measurement procedure, and try to 

assess her IS by indirectly measuring her implicit associations or her spontaneous approach-

avoidance tendencies towards these pralines.  

Indirect measurement procedures 

The past 20 years have often been referred to as the “Age of Measurement” because various 

measurement methods and a whole industry of research have developed in a rather short space of 

time. In their influential review, Greenwald and Banaji (1995) not only coined the term implicit 

social cognition but also predicted a “rapid development of a new industry of research on implicit 

cognitive aspects of personality and social behaviour” (p. 20). Today, it is safe to say that their 

prediction has been proven true. Even though indirect methods did indeed exist, for instance, the 

Thematic Apperception Test (TAT; for a review, see McClelland, Koestner, & Weinberger, 1989) 

or the emotional Stroop task (for a review, see Williams, Mathews, & MacLeod, 1996), the newer 

methodologies differ insofar that they mainly measure mental associations between concepts (e.g., 
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white and positive, insects and negative), rather than individual mental concepts, such as 

achievement or anxiety (Gawronski, 2009).    

Before providing examples of these indirect measurement procedures, I would like to offer a 

few details about the terms implicit and indirect (as well as explicit and direct), which are often 

used interchangeably. In this dissertation, I will follow to De Houwer and colleagues’ terminology 

(e.g., De Houwer & Moors, 2010; De Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009), where 

implicit (as well as explicit) refers to features of a psychological construct and translates to the 

measurement outcome (e.g., a score). In contrast, the term indirect (as well as direct) describes the 

characteristics of the specific measurement procedure and therefore refers to the measurement itself. 

Following those authors, a measure can be defined as implicit if the measurement procedure 

causally produces the measurement outcome through the psychological attribute in an automatic 

manner (Figure 1 illustrates this definition graphically).  

 

 

Figure 1. A schematic representation of the definition of an implicit measure (modified graphic, 
adapted from De Houwer & Moors, 2010, p.177).  

 

For instance, the relative difference score of an Implicit Association Test (IAT; Greenwald, 

McGhee, & Schwartz, 1998; see description below) represents the measurement outcome derived 
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from the task responses and is usually measured in reaction times. This score can be defined as an 

implicit measure if it is causally and automatically produced through the to-be measured attribute. 

In the case of an IAT, the to-be measured attribute usually is an attitude that is commonly defined 

as an associative connection in memory between a specific attitude-object and its summary 

evaluation (Fazio, 1990; Fazio, et al., 1982). Therefore, evaluative associations should 

automatically trigger the task responses and thus determine the measurement outcome. Such 

automatic processes can fulfil different features of automaticity and do not necessarily have to co-

occur, they can be unintentional, unconscious or efficient (De Houwer & Moors, 2010; De Houwer, 

et al., 2009).   

Today, a variety of indirect measurement procedures exist. Nosek, Hawkins and Frazier (2011) 

listed 20 different indirect procedures that received attention in the “Handbook of Implicit Social 

Cognition” (Gawronski & Payne, 2010) and that have been applied at least once outside of their 

original publication. In their review, the IAT takes a clear pole position followed by the sequential 

Evaluative Priming Task (EP; Fazio, et al., 1986) or the Semantic Priming Task (SP; Wittenbrink, 

Judd, & Park, 1997).  

In the following, the IAT, procedural modifications, as well as Approach-Avoidance 

Procedures (AAP) are described in more detail. At a first glance, IAT and AAP procedures appear 

dissimilar; however, they are both based on response interference where an apparently irrelevant 

stimulus elicits an automatic response that may either facilitate (or inhibit) fast and correct 

responses in the primary tasks (for an introductory chapter on response interference tasks, see 

Gawronski, Deutsch, & Banse, 2011).   
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The Implicit Association Test 

Initially, the IAT was developed within social psychology (for introductory chapters, see Lane, 

Banaji, Nosek, & Greenwald, 2007; Teige-Mocigemba, Klauer, & Sherman, 2010) and since then 

has stimulated a great deal of research in many different disciplines of psychology as well as 

applied sciences (for a recent meta-analysis, see Greenwald, Poehlman, Uhlmann, & Banaji, 2009).  

Task structure  

The IAT is a computer-based paradigm that involves two binary categorisation tasks that are 

combined in an association-congruent or -incongruent way. Each task involves one attribute 

category pair (i.e., positive vs. negative) and one target category pair (i.e., chocolate vs. fruit). 

Typically, these four concepts are represented through words or images that appear successively at 

the centre of the screen and that are categorised by using two assigned response keys (see Figure 2).  

In one of the two categorisation tasks, concepts are combined in such a way that participants 

have to respond to fruit images and positive words with the left key (i.e., key “1”) and to chocolate 

images and negative words with the right key (i.e., key “5”), whereas the other task combines the 

four concepts in the opposite manner. Participants have to categorise the stimuli according to the 

four concepts as fast and accurately as possible, while their individual performance (e.g., response 

latencies, error rates) is measured.  

An IAT is based on the idea that automatic associations underlie those concepts and thus 

facilitate or inhibit task responses. It is assumed that if a categorisation task is combined in an 

association-compatible manner, responses should be faster and/or errors should be fewer compared 

to the opposite, association-incompatible categorisation task. The standardised difference between 

the mean reaction times of the two categorisation tasks (the “IAT effect”) is taken as an index of 

automatic preferences and attitudes (Greenwald, et al., 1998; Greenwald, Nosek, & Banaji, 2003). 
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Figure 2. Four different screenshots of a computer that runs an IAT. The IAT follows a fixed 
block-structure, hence, each categorisation tasks remains constant on the screen and changes block-
wise (see left versus right column). In this example, three presented stimuli would require pressing 
the response key “1”, whereas the chocolate stimulus requires a response with “5”.  

 

The task structure of a classical IAT includes five different blocks that are divided into practice 

and test trials (see Table 1). The IAT follows a fixed block structure where categorisation tasks 

change between blocks, although, concepts and their assigned response keys are usually 

counterbalanced across participants. Generally, the IAT is a very flexible tool that combines pairs of 

attribute concepts relatively freely with pairs of target concepts. For instance, evaluative attribute 

dimensions (e.g., positive vs. negative) can be used to assess relative preferences between target 

categories (e.g., products, people, objects, concepts). Furthermore, non-evaluative dimensions (e.g., 
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extraverted vs. introverted) can be used to assess semantic associations, and behavioural dimensions 

(e.g., approach vs. avoidance) can be used to assess motivational tendencies. 

 

Table 1. Task structure of a classical IAT designed to assess evaluative associations of fruit 

relative to chocolate.  

Block  Trial number Left key Right key 
1 Practice 20 Fruit 

 
Chocolate 

2 Practice 20 Positive 
 

Negative 

3 Practice 20 Fruit 
Positive 

Chocolate 
Negative 

 Test 40 Fruit 
Positive 

Chocolate 
Negative 

4 Practice 20 Negative 
 

Positive 

5 Practice 20 Fruit 
Negative 

Chocolate 
Positive 

 Test 40 Fruit 
Negative 

Chocolate 
Positive 

 

Psychometric qualities 

One of the reasons for the enormous popularity of the IAT is probably its very high and 

satisfying internal consistency estimates and generally large effect-sizes. In a meta-analysis, 

Hofmann, Gawronski, Gschwender, Le and Schmitt (2005) reported an overall estimated reliability 

coefficient (internal consistency and split-half) of .79, but only a mean test-retest reliability of .51. 

This discrepancy is puzzling and gives suspicion to conclude stable underlying attitudes. This 

indeed is in line with studies where the IAT has been found sensitive to context effects (see 

Gawronski & Bodenhausen, 2006) or strategic effects, such as faking (Fiedler & Bluemke, 2005; 

Steffens, 2004).  
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Most of the IAT validation research has been conducted at the individual level with correlative 

data and much less at the group level with, for instance, the known-group approach (e.g., Banse, 

Seise, & Zerbes, 2001; Tibboel et al., 2011) or with a full experimental approach (e.g., Olson & 

Fazio, 2001). By following the correlative approach, IAT data can be validated with other indirect, 

self-reported or behavioural measures. Two meta-analyses reported an overall estimated correlation 

of ρ = .24 (based on 126 independent samples; Hofmann, et al., 2005) and ρ = .21 (based on 155 

independent samples; Greenwald, et al., 2009) between direct measures and IAT results. However, 

the estimated standard deviation of .14 (or SDρ = .26, respectively) implies a rather high variation 

between the reported, single-study correlations. In fact, early IAT studies often found no 

correspondence between direct and indirect measures (e.g., Karpinski & Hilton, 2001). However, as 

the field grew, more and more studies showed higher correspondence under certain conditions; 

consequently the research focus shifted and relevant moderators were identified. Hofmann et al. 

(2005) concluded that responses from indirect and direct methods are more strongly related if (a) 

the two tasks are reliable  (e.g., have a small measurement error), (b) the two tasks involve similar 

stimuli and responses, and (c) self-reported responses are quick, intuitive gut reactions instead of 

deliberated answers.   

Unfortunately, the predictive validity of the IAT has not been as high as initially predicted. 

Greenwald and colleagues (2009) report an average correlation of ρ = .27 (SDρ = .22, based on 184 

independent samples) between the IATs and behavioural criteria. Again, based on the estimated 

standard deviation, this overall correlation seems rather low and unstable across studies. However, 

when compared with the average correlation between direct measures of attitude and similar 

behavioural criteria (ρ = .36, SDρ = .39, based on 156 independent samples), the correlation is more 

satisfactory. Analysing only consumer behaviour relevant studies, Greenwald and colleagues report 

a lower mean implicit-behaviour criterion correlation (ρ = .32; SDρ = .17; based on 40 independent 
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samples) compared to the mean explicit-behaviour criterion correlation (ρ = .55; SDρ = .26; based 

on 38 independent samples).  

Scoring procedures 

Several methods to calculate the relative difference between the two categorisation tasks (the 

IAT effect) have been developed. Originally, a scoring procedure was suggested that required 

recoding outliers to lie within rather random boarders of 300 to 3000ms, dropping the first two trials 

of each block and log-transforming the final data. Greenwald et al.’s (1998) main justification of 

this was based on larger final effect sizes. Later, Greenwald, Nosek, and Banaji (2003) reported a 

revised scoring algorithm, where they studied five different measures of central tendency and so 

based the relative difference between the two IAT categorisation tasks either on the mean, median, 

log-transformed, reciprocal response latencies, or on D. In fact, D is closely related to Cohen’s 

effect size measure d (Cohen, 1977) and standardizes response latencies for individual variability 

(e.g., general processing speed, attention span, hand-eye coordination) by dividing the mean 

difference of the two categorisation tasks with the individual pooled standard deviation of all 

latencies. Indeed, D outperformed the former measures; however, this evaluation was based on only 

two rather questionable criteria (i.e., correlating high with direct measures and low with the overall 

average latency) that seem controversial to the basic idea of developing implicit measures (for a 

discussion, see Rothermund, Wentura, & De Houwer, 2005; Wentura & Rothermund, 2007). In 

their paper, Greenwald and his colleagues continued their evaluation with various validity and 

reliability aspects, tested different scoring procedures (e.g., error treatment, included test and 

practice trials, cut-off values for recoding outliers) on D-transformed or log-transformed latencies, 

and finally suggested an improved scoring algorithm, the so called D-score. Based on meta-analytic 

results, the D-score is the most commonly used scoring algorithm today (i.e., used in 70 of 145 IAT 
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studies); interestingly, no significant effect of the D-score compared to other scoring procedures 

was discovered (Greenwald, et al., 2009). 

Since the IAT and consequently the calculated IAT effect is based on an comparison of two 

opposing tasks, resulting scores can never be interpreted as absolute and reflect relative preferences 

(e.g., a preference for chocolate over fruit, see Figure 2). A debate that addressed the relative nature 

of the IAT and other scoring-related issues was fruitful in terms of psychometrical improvement 

and general understanding of the IAT (Blanton, 2007; Blanton & Jaccard, 2006; Blanton, Jaccard, 

Gonzales, & Christie, 2006; Nosek & Sriram, 2007).   

Alternative explanations of the IAT effect 

Following Greenwald and colleagues’ interpretation, the IAT effect is assumed to be caused by 

strong associations between the category pairs of the two categorisation tasks (see Greenwald, et al., 

1998), which is in line with the common understanding of attitudes (Fazio, et al., 1982; Fazio, et al., 

1986). Even though this interpretation seems intuitively valid, an alternative account that is known 

as recoding describes the work of several researchers and stands for strategic simplification of one 

of the two categorisation tasks (De Houwer, 2003; Gast & Rothermund, 2010; Mierke & Klauer, 

2003; Rothermund, Teige-Mocigemba, Gast, & Wentura, 2009; Rothermund & Wentura, 2004). 

Specifically, it has been argued that participants might simplify one of the two categorisation tasks 

by ignoring the category membership of the stimuli, relying instead on other features that help 

distinguish them and thereby reducing the complexity of the discrimination from one involving four 

sets of concepts to a one involving only two sets.  

In principal, every shared feature can be used for recoding strategies, for instance, perceptual 

qualities of the stimuli like salience, size, colour, familiarity, environmental or extra-personal 

knowledge, or simply the valence of the material used (for a review of these confounding factors, 
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further contaminating effects, and possible remedies, see Teige-Mocigemba, et al., 2010). If these 

features that have been used for recoding are known, it is often possible to statistically isolate their 

effect and separate them from the variation in the construct which the test is actually supposed to 

measure. Mathematical models that try to take possible confounding factors into account include the 

Quad model (Conrey, Sherman, Gawronski, Hugenberg, & Groom, 2005; Sherman et al., 2008), the 

Random-walk model (Brendl, Markman, & Messner, 2001; for evidence with a diffusion model 

analysis, see Klauer, Voss, Schmitz, & Teige-Mocigemba, 2007) or the most recently published 

ReAL model (Meissner & Rothermund, 2013). In contrast, if the features are unknown or if 

participants engage in highly idiosyncratic recoding strategies, it is difficult to control their effect 

by statistical methods. To detect if an IAT effect was contaminated by recoding processes, control 

IATs (e.g., task-switching ability IAT by Back, Schmuckle, & Egloff, 2005; geometry-IAT by 

Mierke & Klauer, 2003) can be correlated with the contextual IAT (e.g., Teige-Mocigemba, Klauer, 

& Rothermund, 2008), or different experimental conditions can be compared to detangle the 

underlying processes (e.g., Kinoshita & Peek-O'Leary, 2006; Rothermund & Wentura, 2004).  

Finally, a seemingly obvious way to avoid recoding processes is to construct the stimuli in such 

a way that the features supposed to distinguish them are not confounded with other features not 

supposed to distinguish them (De Houwer, 2001) or by eliminating the fixed block structure of an 

IAT that has been argued to support recoding strategies. This latter approach was followed by the 

authors of two procedural variations of the IAT, the Single-Block IAT (SB-IAT; Teige-Mocigemba, 

et al., 2008) and the Recoding-Free IAT (IAT-RF; Rothermund, et al., 2009), which will be 

described in the following section. 
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Descendants of the Implicit Association Test 

Despite the popularity of the IAT (or perhaps because of it), various criticism concerning 

deficiencies have been raised, which has led to several remedies and procedural variations of the 

IAT over the years. For instance, the Single-Category IAT (SC-IAT: Karpinski & Steinman, 2006), 

the Single-Target IAT (ST-IAT; Wigboldus, Holland, & van Knippenberg, 2004) or the Single-

Attribute IAT (SA-IAT; Penke, Eichstaedt, & Asendorpf, 2006) are unipolar variants and have been 

developed to address the relative nature of an IAT (for limitations, see Gawronski, et al., 2011). The 

Personalized IAT (Olson & Fazio, 2004) takes the possibility of extra-personal associations into 

account, whereas the Brief IAT (BIAT; Sriram & Greenwald, 2009) uses a limited number of trials 

and a less complex structure to suit research with children (for a critical debate, see Friese & Fiedler, 

2010; Greenwald & Sriram, 2010; Rothermund & Wentura, 2010). Two IAT variants that tackle the 

central problem of recoding will be described in detail in the following section.   

The Single-Block IAT 

The SB-IAT (Teige-Mocigemba, et al., 2008) is a procedural variation that eliminates the fixed 

block structure of the classical IAT and thereby successfully reduces recoding processes. While the 

two categorisation tasks vary between blocks in the classical IAT (see Table 1), they are kept 

constant in the SB-IAT and vary randomly across trials. In fact, one categorisation task is defined in 

the upper and the other in the lower part of the computer screen. The position of the stimulus 

indicates the categorisation task and the relevant key assignment (see Figure 3).  

In the example illustrated in Figure 3, a participant would need to press the left key if an image 

of a fruit or a positive word appear in the upper part of the screen and also if a chocolate image and 

a positive picture is shown in the lower part of the screen. For the right key it would be the opposite 
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assignment, so a picture showing chocolate or a negative word in the upper part of the screen and a 

fruit image and a negative word in the lower part of the screen require the usage of the right key.   

 

 

Figure 3. Two screenshots of a computer that runs a SB-IAT. In the SB-IAT, the two categorisation 
tasks remain constant on the screen and change randomly from trial to trial between the upper and 
lower part of the screen. The position of the stimulus indicates the assigned response key; hence, 
“1” would be required in both examples.   

 

In the original publication, Teige-Mocigemba et al. (2008) provide evidence for reduced 

recoding strategies and reduced systematic method-specific variance in the SB-IAT (i.e., no 

correlations were discovered between a flower insect SB-IAT and a task-switching ability SB-IAT 

nor a geometry SB-IAT). Effects revealed with an SB-IAT were generally smaller compared to a 

classical IAT, which is caused by the reduced method-specific variance in the SB-IAT. On the one 

hand, the SB-IAT was found reliable (Cronbach’s α ranging between .60 and .90), was able to 

discriminate between individuals and correlated with direct measures to the same extend as a 

classical IAT. On the other hand, the SB-IAT’s somewhat complicated structure remains as serious 

concern. Teige-Mocigemba and colleagues conducted both experiments with a student population 

and reported no difficulties or differences in terms of error rates and mean latencies compared to 

classical IATs. However, it is theoretically possible that participants could develop other task-
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switching strategies. The test authors argued that any effect resulting from such strategies should 

affect both categorisation tasks equally. If present at all, such effects would merely lead to an 

increase in unsystematic error variance, reducing the reliability of the test but not resulting in 

systematic bias.  

The Recoding-Free IAT  

The IAT-RF (Rothermund, et al., 2009) is very similar to the classical IAT, however, the two 

categorisation tasks change at random from trial to trial but do not remain constant on the screen as 

in the SB-IAT. At the beginning of each trial, the four category labels are presented in the right and 

left corners to indicate the specific categorisation design and the assigned response keys for the 

subsequent trial. In the fruit-chocolate example, the response assignments for the target category 

(e.g., fruit on the left side and chocolate on the right side) would remain constant throughout the 

entire IAT-RF; the labels for the attribute category (e.g., positive and negative on either the left or 

right side) would switch randomly between the trials. The randomly occurring switches of the 

categorisation tasks between trials force participants to categorise all presented stimuli by their task 

relevant category membership and therefore show smaller compatibility effects and have equal task-

switch-cost in both test tasks (Rothermund, et al., 2009; Experiment 1). Nevertheless, the IAT-RF 

could create a different kind of task switching costs but as the authors note, these mapping costs do 

not indicate any simplification for one of the two test tasks and therefore are unrelated to recoding 

processes (Experiment 2). As for the SB-IAT, general effects have been found smaller in size due to 

reduced method specific variance.   

Altogether, the SB-IAT and the IAT-RF appear to be very promising paradigms that assess 

implicit processes clearer and less biased than the classical IAT. However, more research is needed 

to evaluate both paradigms more detailed. Especially, evidence of their predictive validity is limited 
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outside of their original publications: Until now, only Houben, Rothermund, and Wiers (2009) have 

investigated the ability of the IAT-RF to predict behaviour, and even in that study, the criterion was 

self-reported and not actual behaviour.  

The Approach-Avoidance Procedure 

The Approach-Avoidance Procedure (AAP; or Approach-Avoidance Task) is based on the 

assumption that a given stimulus leads to an evaluation and consequently to an automatically 

activated motivational orientation (i.e., an approach or avoidance tendency) and behavioural 

schemata (see “The Reflective-Impulsive Model”). Specifically, it is assumed that a positive rather 

than a negative stimulus facilitates an approach orientation, whereas avoidance orientation should 

be evoked by negative rather than positive stimuli (for an introduction chapter on AAP, see 

Gawronski, et al., 2011).  

To test motivational approach-avoidance tendencies, the AAP compares compatible versus 

incompatible task responses. For instance, Chen and Bargh (1999, Experiment 1) randomly 

assigned participants to a compatible or an incompatible condition. They asked the first group to 

pull a lever towards themselves for positive words and push the lever away from themselves for 

negative words. The second (incompatible) group had the opposite assignment and consequently 

pulled the lever for negative words and pushed it for positive words. As expected, they found that 

participants were faster in the compatible condition. In their second experiment they manipulated 

compatible and incompatible task responses within a subject: Specifically, participants were asked 

to always pull (or always push) the lever, once a stimuli word appeared. However, half way through 

the test trials, instructions were switched, so subjects had to always push (or always pull) the lever 

to response to the words. Again, findings demonstrated faster compatible than incompatible task 

responses.  
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Today, it is common to compare compatible and incompatible task responses within subjects; 

however, which is often realized through a counterbalanced block design. In order to facilitate one 

reference point and thereby addressing Seibt et al.’s concerns (2008; see “The importance of 

evaluation”), researchers have included visual flow effects to create the illusion of actual movement 

of the stimuli toward or away from participants and therefore to foster a fixed reference point of the 

self (e.g., Rinck & Becker, 2007; van Dantzig, Pecher, & Zwaan, 2008). Figure 4 illustrates a 

possible compatible and incompatible task design that includes visual effects of movement.  

 

 

Figure 4. Two screenshots of a computer that runs an AAP. The two opposing categorisation tasks 
and the required responses with the joystick are illustrated. The symbolised visual flow effects and 
3D perspective are meant to facilitate an illusion of actually moving the stimuli toward or away 
from themselves. 

 

In order to test the robustness of the approach-avoidance effects, researchers have instructed 

participants to map their responses according to an evaluation-irrelevant feature, such as the rotation 

angle of a stimulus (Cousijn, Goudriaan, & Wiers, 2011), the picture format (e.g., Langner et al., 
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2010; Wiers, Rinck, Kordts, Houben, & Strack, 2010), or the location of the stimuli presented 

(Seibt, Häfner, & Deutsch, 2007). Finally, to address Eder and colleagues’ evaluative coding 

mechanisms (Eder & Klauer, 2009; Eder & Rothermund, 2008), researchers have tried to use 

neutral instructions for compatible and incompatible blocks (Krieglmeyer, et al., 2010). However, 

even if evaluative codes are not mentioned in the instruction of the task it cannot be ruled out that 

participants implicitly form response goals that are corresponding with the structure of the task (e.g., 

“I must move the joystick close or away from me”).  

The AAP has an essential advantage compared to IAT paradigms, that is, effects do not have to 

be interpreted relative to other target stimuli; instead they are compared to the same stimulus moved 

in the opposite direction. Furthermore, almost any kind of target stimuli (e.g., words, pictures of 

specific stimuli or more general categories) can be used in an AAP. Unfortunately, only a limited 

number of studies have systematically analysed the validity or reliability of the AAP until now. In 

fact, only Krieglmeyer and Deutsch (2010) have systematically evaluated and compared the 

joystick-based variant of Chen and Bargh (1999) with an AAP that included visual feedback (Rinck 

& Becker, 2007, and Figure 4), and with the Manikin task (De Houwer, Crombez, Baeyens, & 

Hermans, 2001, and section below). In order to calculate Spearman-Brown split-half reliability 

coefficients, Krieglmeyer and Deutsch (2010) calculated compatibility difference scores that were 

based on correct responses only. Reliability coefficients were satisfactory (i.e., estimates ranging 

from .72 to .86) when the tasks involved a valence-relevant categorisation of the stimuli shown (i.e., 

if participants moved the stimuli according to their positive or negative meaning); however, if 

participants had to categorise the stimuli according to a valence-irrelevant feature (i.e., grammatical 

category of positive or negative words), reliability coefficients dropped below .33.  
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Descendants of the Approach-Avoidance Procedure 

A popular variant of the AAP is the Manikin task (De Houwer, et al., 2001) which represents 

the self through a little stick manikin that appears either above or below the stimulus and is moved 

towards or away from the object. With this design, the Manikin task treats the stimuli as relatively 

fixed at the centre of the screen and is therefore sensitive to and consistent with the applied 

reference point throughout the entire task. However, the movement of the manikin towards (or away 

from) the stimuli is still indirect and only transmitted through external keyboard buttons with 

assigned approach-avoidance responses. Nevertheless, in a direct comparison of three AAPs (i.e., 

Manikin task, joystick-based AAP, visual feedback AAP), the Manikin task was identified as the 

most sensitive and valid measure (Krieglmeyer & Deutsch, 2010). Furthermore, in their third 

experiment Krieglmeyer and Deutsch evaluated the criterion validity of the Manikin task and the 

visual feedback AAP, and found the Manikin task relating to self-reported fear of spiders, r(38) 

= .43, p < .01.  

Structurally similar to an AAP is the Evaluative Movement Assessment (EMA; Brendl, 

Markman, & Messner, 2005), where participants move objects towards or away from their personal 

names that are presented at the centre of the computer screen. However, instead of vertical 

movements, horizontal ones are required in the EMA. Overall, the EMA has been designed to 

assess individual differences of the motivational tendencies of particular stimuli rather than between 

participants (e.g., Dai, Brendl, & Ariely, 2010; Summerville, Hsieh, & Harrington, 2010).  

Finally, a method that can be described as a mix between an AAP and an IAT is the Implicit 

Association Procedure (IAP; Schnabel, Banse, & Asendorpf, 2006). The IAP relies on joystick 

movements towards or away from the body and is therefore methodologically similar to an AAP; 

however, it combines four concepts within two categorisation tasks and so structurally relates to an 

IAT. For example, Schnabel et al. asked participants in one categorisation task to pull the joystick 
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towards themselves if the presented words belonged to the category “me” (e.g., me, mine) or to 

“shy” (e.g., inhibited, insecure) and push the joystick away from the body if words were related to 

“other” (e.g., you, them) or “non-shy” (e.g., open, secure). Parallel to an IAT, the IAP also involves 

a fixed block structure and therefore faces a number of methodological problems.   

On the whole, every methodology described has its unique advantages, but also its concerns, 

which should be taken into consideration when deciding which paradigm might be most useful for a 

specific research question. Without a doubt, the most researched, applied, modified and reported 

measurement today is the IAT; however, the AAP does not necessarily lag behind and awaits a 

promising future.   
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This dissertation consists of a collection of five research articles that have been submitted to 

different journals. All five articles build on each other and have a strong methodological focus. 

Except the first paper, they all follow the overall aim to measure motivational tendencies indirectly. 

Specifically, the first three research articles apply variations of the Implicit Association Test (IAT) 

in a food consumption context. Article four reports a study in which approach-avoidance tendencies 

towards appealing and disgusting food items were assessed with a standard Approach-Avoidance 

Procedure (AAP), whereas the fifth research article describes a novel and innovative Swipe 

Approach-Avoidance Procedure (SwAAP). The aims and a short summary of each research paper 

are outlined in the following.  

 

1. Kraus, A. A., & Scholderer, J. (2014). Time for the new generation? Comparing the 

classical Implicit Association Test (IAT) with the Single-Block IAT, and the Recoding-Free 

IAT. Manuscript submitted for publication.  

 

The first research article describes an empirical study in which the classical IAT was compared 

to two procedural variations, the Single-Block IAT (SB-IAT) and the Recoding-Free IAT (IAT-RF). 

Both recently published methods aim to solve a structural problem of the classical IAT that is 

known to cause recoding effects. By eliminating its fixed block structure and thereby letting the 

categorisation tasks vary at random from trial to trial, the SB-IAT and the IAT-RF have been shown 

to reduce recoding strategies.  

In an empirical study (N = 132), the validity of the three tests was compared in a between-

subjects design. Unlike the classical IAT and the SB-IAT, the IAT-RF was significantly related to 

unobtrusively measured target behaviour and showed much stronger relations to direct measures of 

evaluation, which served as convergent validation criteria compared to direct measures of 
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motivation, which constituted the discriminant validation criteria. In contrast, the classical IAT was 

only weakly related to the convergent validation criteria and was significantly confounded with task 

order. Surprisingly, the SB-IAT was also confounded with task order and did not stand in any 

meaningful relation to the validation criteria. Findings of the reported study clearly suggest the 

IAT-RF as superior; consequently, the IAT-RF (as well as the classical IAT) was applied in the 

second research article. 

 

2. Kraus, A. A., Scholderer, J. (2014). Indirect measurement of motivation: Developing and 

testing a modified Recoding-Free Implicit Association Test (m-IAT-RF). Manuscript 

submitted for publication.  

 

The authors of the second research article report two procedures to indirectly measure 

approach-avoidance tendencies and assess their convergent, discriminant and predictive validity. 

Following the recommendations of the first research article, the classic IAT and the IAT-RF were 

applied. However, instead of indirectly assessing evaluative associations, both paradigms were 

slightly modified to capture participants’ motivational approach-avoidance tendencies towards two 

hedonic food products by applying “approach” and “avoidance” as attribute categories in both 

measurements (m-IAT-RF and m-IAT).  

This article describes two empirical studies that were conducted in a consumer context, 

involving common consumer products as target categories. In Study 1 (N = 162), the authors 

evaluated the convergent and discriminant validity of the m-IAT and m-IAT-RF with respect to 

self-report measures of motivation and evaluation and their predictive validity with respect to actual 

behaviour. In Study 2 (N = 205), they compared the validity of m-IAT and m-IAT-RF to the 

validity of evaluative variants of the same test paradigms (e-IAT-RF and e-IAT). In all comparisons, 
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the procedures based on the IAT-RF paradigm were clearly superior to those based on the classical 

IAT paradigm. The motivational m-IAT-RF had by far the highest predictive validity with respect 

to actual behaviour and showed satisfactory convergent and discriminant validity. 

 

3. Kraus, A. A., & Piqueras-Fiszman, B. (2014). Sandwich or candy? Motivational tendencies 

and evaluations towards food under different manipulated hunger states. Manuscript 

submitted for publication.  

 

The third research article builds on the first two articles and represents the logical next step in 

this line of research. Articles one and two were based on a correlational validation approach; hence, 

indirect measurements were related to self-report measures and to similar indirect procedures. In 

contrast, in research article three the validity of a motivational and an evaluative variant of the IAT-

RF (m-IAT-RF and e-IAT-RF) were tested in an experimental approach. Specifically, explicit and 

implicit evaluations of, and motivations towards, two different foods (a sandwich and sweets) were 

measured among two groups of normal eaters (N = 108): one hungry group and another group who 

was allowed to consume one of the food items (the sandwich).  

The findings show that the m-IAT-RF successfully assessed approach tendencies towards the 

sandwich in the hunger group as well as approach tendencies towards the sweets in the no-hunger 

group (that just had eaten a sandwich). In contrast, the e-IAT-RF successfully assessed general 

positive associations towards both products in the two experimental groups.  

In conclusion, the third paper not only describes an empirical study that applied recently 

developed indirect measurement procedures, but also contributes to an ongoing discussion on the 

dissociation of motivational “wanting “ and evaluative “liking” components of food reward, thereby 

trying to bridge two research fields of behavioural nutrition and implicit social cognition.  
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4. Piqueras-Fiszman, B., Kraus, A. A., & Spence, C. (2014). “Yummy” versus “Yucky”! 

Explicit and implicit approach-avoidance motivations toward appealing and disgusting 

foods. Manuscript submitted for publication.  

 

In contrast to the first three articles that tested variants of the IAT, article four reports a study 

that applied a standard, joystick-based AAP in a food consumption context. Especially in this 

domain, wanting (approach) and rejecting (avoiding) foods are natural reactions that are 

experienced daily and often unconsciously. In order to assess and understand people’s implicit and 

explicit reactions towards positive (appealing) and negative (disgusting) foods, self-reports, indirect 

measurements as well as a food image stimulus set were developed and applied.  

Participants (N = 50) varying in their hunger state (hungry vs. not hungry) reported their 

explicit evaluations of pleasantness, wanting and disgust toward the idea of tasting each of the food 

images that were shown. Their motivational approach-avoidance tendencies toward those food 

items were assessed indirectly using a joystick-based AAP. In fact, both methodologies––self-

reported ratings and indirectly measured motivational tendencies––successfully discriminated 

between the participants’ hunger state. Specifically, all participants (particularly those who were not 

hungry) performed avoidance movements for negative foods pictures significantly faster than 

approach movements. Furthermore, the approach movements toward positive foods were 

significantly faster in both experimental groups compared to negative foods. As a whole, these 

findings emphasize the importance of exploring both motivational tendencies toward differently 

valenced foods in a balanced way. Also they stress the need to combine direct and indirect 

measurements to assess people’s reflected and impulsive reactions.  
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5. Kraus, A. A., & Hofmann, W. (2014). Getting in touch with motivation: The Swipe 

Approach-Avoidance Procedure (SwAAP). Manuscript submitted for publication.  

 

The fifth and final article describes a novel indirect measurement procedure that is built on the 

idea that people generally approach things they like (i.e., decreasing the distance between 

themselves and the object) and avoid things they dislike (i.e., increasing the distance between 

themselves and the object). The introduced Swipe Approach-Avoidance Procedure (SwAAP) 

involves the newest technologies and thereby addresses relevant and exciting critique of the 

standard AAP. It is a promising tool that relies on natural, intuitive swipe movements and assesses 

approach-avoidance tendencies without intermediate devices, such as, joysticks, mice, or computer 

keyboards. By allowing people to directly touch and move objects, it is argued that the SwAAP 

facilitates one perspective and emphasizes the self as the fixed reference point. The SwAAP is an 

application for Android systems that varies the valence of the pictures (positive vs. negative) and 

the direction of the swipe movements (toward vs. away from the body) and therefore compares 

compatible and incompatible responses on the following outcome measures: initial response time, 

overall swipe time, swipe pressure, as well as swipe coordinates that in turn help to calculate the 

swipe distance and the swipe speed.  

The fifth research article describes two studies: Study 1 (N = 45) replicates the expected 

compatibility effects for the time an image was swiped and (marginal significantly) for the distance, 

speed and the pressure of a swipe movement. Study 2 (N = 98) further compares the SwAAP with a 

standard, joystick-based AAP in a within-subjects design and finds similar results.  
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Abstract  

The present paper compares the classical Implicit Association Test (IAT) with two procedural 

variations, the Single-Block IAT (SB-IAT) and the Recoding-Free IAT (IAT-RF). Both try to solve 

the recoding problem in the classical IAT by eliminating the fixed block structure, letting the 

categorisation task vary at random from trial to trial. The validity of the three tests was compared in 

a between-subjects experiment, involving 132 participants. The results favour the IAT-RF: unlike 

the classical IAT and the SB-IAT, the IAT-RF was significantly related to unobtrusively measured 

target behaviour. Furthermore, it showed much stronger relations to explicit measures of evaluation, 

which served as convergent validation criteria. The classical IAT was only weakly related to the 

convergent validation criteria and was significantly confounded with task order. Surprisingly, the 

SB-IAT was also confounded with task order and did not show any meaningful relations to the 

validation criteria. In this study, the IAT-RF was clearly superior and should be regarded as a 

serious alternative to the classical IAT. 

 

Keywords:  

Implicit Association Test; Single-Block IAT; IAT-RF; Implicit measure; Recoding  
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Introduction 

Few methodological innovations have attracted as much attention in social psychology as the 

development of implicit measures of social cognition. Although many approaches have been 

developed (for a recent review, see Nosek, Hawkins, & Frazier, 2011), the Implicit Association Test 

(IAT; Greenwald, McGhee, & Schwartz, 1998) is by far the best-known and empirically most 

widely used procedure. A large body of literature attests to its discriminative power, high reliability, 

and satisfactory validity (for meta-analyses, see Greenwald, Poehlman, Uhlmann, & Banaji, 2009; 

Hofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005); however, ample criticism exists. 

Research suggesting alternative explanations of the IAT effect (for a review, see De Houwer, Teige-

Mocigemba, Spruyt, & Moors, 2009) has cautioned against drawing overly strong conclusions from 

IAT results. Some researchers have tried to solve the problem by developing psychometric models 

that can separate the different processes contributing to the IAT effect (e.g., Conrey, Sherman, 

Gawronski, Hugenberg, & Groom, 2005; Meissner & Rothermund, 2013), while others have 

developed procedural variations of the IAT, changing the task in such a way as to avoid potential 

confounding (Rothermund, Teige-Mocigemba, Gast, & Wentura, 2009; Teige-Mocigemba, Klauer, 

& Rothermund, 2008). As yet, however, these new IAT variants have rarely been applied, and little 

evidence exists of their predictive validity in general and whether they are indeed superior to the 

classical IAT. The aim of the current research is to provide such evidence, based on a direct and 

controlled comparison with the classical IAT.  

The IAT 

The IAT is a computer-based paradigm that involves two binary categorisation tasks, either 

combined in an association-congruent or an association-incongruent way. In the first part of their 

original experiment, Greenwald et al. (1998; Experiment 1) instructed participants to press the “A” 
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key on a computer keyboard with their left index finger to categorise stimuli presented on the screen 

as either positive or flowers (e.g., good, happy, tulip, rose). To categorise stimuli as either negative 

or insects (e.g., bad, rotten, bee, wasp), participants had to press “5” on the numeric pad of the 

keyboard, using their right index finger. In the second part of the experiment, the combination was 

reversed: Participants had to categorise positive or insect stimuli using the “A” key and negative or 

flower stimuli using the “5” key. Based on a fixed block structure, both tasks are trained separately 

in a series of practice trials and then performed separately in series of test trials. Participants are 

instructed to categorise the stimuli as fast and as accurately as possible. Reaction time (RT) is 

measured as the dependent variable, and the standardised difference between the mean RT of the 

two categorisation tasks (the “IAT effect”) is taken as an index of implicit association (e.g., 

Greenwald, et al., 1998; Greenwald, Nosek, & Banaji, 2003).  

This interpretation of the IAT effect is based on the common idea that attitudes are represented 

as object–evaluation associations in memory (Fazio, 1990; Fazio, Chen, McDonel, & Sherman, 

1982; Fazio, Sanbonmatsu, Powell, & Kardes, 1986). If an attribute and a target concept are 

strongly associated and must be categorised using the same key, the categorisation task should be 

easier: Participants should respond faster and more accurately when the attribute–target 

combinations sharing the same response keys are association congruent rather than association 

incongruent.  

The IAT is popular because pairs of attribute concepts can be flexibly combined with pairs of 

target concepts. Evaluative attribute dimensions (e.g., positive vs. negative) can be used to assess 

relative preferences between target categories (e.g., products, people, objects, concepts), non-

evaluative dimensions (e.g., extraverted vs. introverted) can be used to assess semantic associations, 

and behavioural dimensions (e.g., approach vs. avoidance) can be used to assess motivational 

tendencies. Unfortunately, the predictive validity of implicit measures has not been as high as 
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initially predicted (Greenwald, et al., 2009; Hofmann, et al., 2005). Greenwald and colleagues 

report an average correlation of ρ = .27 (SDρ = .22, based on 184 independent samples) between 

IAT measures of attitude and behavioural criteria. This seems rather low and unstable across studies. 

However, when compared with the average correlation between explicit measures of attitude and 

similar behavioural criteria (ρ = .36, SDρ = .39, based on 156 independent samples), the correlation 

is more satisfactory.  

Alternative interpretations of the IAT effect 

Despite the popularity of the IAT (or perhaps even because of it), criticisms have been raised, 

suggesting alternative interpretations of the IAT effect (for reviews, see De Houwer, et al., 2009; 

Teige-Mocigemba, Klauer, & Sherman, 2010). The common finding in the flower–insect IAT, for 

example, is that participants respond faster when flowers are paired with positive stimuli and insects 

with negative stimuli (rather than the other way around). The effect could be caused either by strong 

associations between the categories, as is assumed in the standard interpretation of the IAT effect 

(see Greenwald, et al., 1998), or by a recoding process: Some authors argue that participants might 

simplify the task by ignoring the category membership of the stimuli, relying instead on other 

features that help distinguish them and thereby reducing the complexity of the discrimination from 

one involving four sets of concepts to a one involving only two sets (e.g., De Houwer, 2003; Gast & 

Rothermund, 2010; Mierke & Klauer, 2003; Rothermund, et al., 2009; Rothermund & Wentura, 

2004). In the flower–insect IAT, these authors argue that the shared feature is likely to be the 

valence. If flowers and positive stimuli share the same response key, participants might simplify the 

task by categorising all stimuli as either pleasant or unpleasant, ignoring the four stimulus classes 

they were originally instructed to distinguish (i.e., flowers, positive, insects, and negative). 

However, when flowers and negative stimuli share the same response key, participants cannot rely 
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on shared valence or adopt a similar simplification strategy. As a consequence, these authors argue, 

a discrimination task with valence-congruent pairing of categories may objectively be easier and 

therefore faster to solve than a discrimination task with valence-incongruent pairing of categories.  

In principle, such recoding strategies can be based on any features that are shared by the stimuli. 

If these features are known, it is often possible to statistically isolate their effects and separate them 

from the variation in the construct the test is actually supposed to measure (e.g., Conrey, et al., 2005; 

Klauer, Voss, Schmitz, & Teige-Mocigemba, 2007; Meissner & Rothermund, 2013). Conversely, if 

the features are unknown or if participants engage in highly idiosyncratic recoding strategies, it is 

difficult to control their effects by statistical methods. A seemingly obvious way to avoid recoding 

effects is to construct the stimuli in such a way that the features supposed to distinguish them are 

not confounded with other features not supposed to distinguish them (De Houwer, 2001). In 

practice, however, this is difficult to ascertain. A more robust approach would be to change the 

categorisation task in such a way that it cannot be simplified by recoding strategies. This approach 

was followed by the authors of two procedural variations of the IAT: the Single-Block IAT (SB-

IAT; Teige-Mocigemba, et al., 2008) and the Recoding-Free IAT (IAT-RF; Rothermund, et al., 

2009). 

Procedural variations: SB-IAT and IAT-RF 

The SB-IAT and IAT-RF aim to prevent participants from adopting and consolidating recoding 

strategies by combining the two categorisation tasks, which are normally performed in two separate 

test blocks in the classical IAT, into a single test block. The categorisation task changes at random 

from trial to trial. In the SB-IAT, the category labels remain in fixed positions on the screen. The 

position of the stimulus indicates the categorisation task and the key assignment. In a flower–insect 

SB-IAT, the first categorisation task would be presented in the upper part of the screen (e.g., with 
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the labels “flower” in the upper-left and “insect” in the upper-right corner) and the other 

categorisation task in the lower part of the screen (e.g., with “insect” in the lower-left and “flower” 

in the lower-right corner). The attribute label “positive” would appear in the middle left side of the 

screen and the attribute label “negative” in the middle right side of the screen. The task would be to 

press the left key on the response device when instances of the categories “flowers” or “positive” 

appear in the upper part of the screen or when instances of “insects” or “positive” appear in the 

lower part of the screen and to press the right key when instances of “insects” or “negative” appear 

in the upper part of the screen or when instances of “flowers” or “negative” appear in the lower part 

of the screen.  

In the IAT-RF, the categorisation task also changes at random from trial to trial; however, the 

category labels do not remain in fixed screen positions. At the beginning of each trial, category 

labels are presented in the left and right corners to indicate the categorisation task and the key 

assignment for the trial. In a flower–insect IAT-RF, the response assignments for the target category 

would remain constant throughout the entire test (e.g., “flower” on the left side and “insect” on the 

right), whereas the labels for the attribute category (e.g., “positive” and “negative”) would change at 

random from left to right. 

Both tests strive to prevent participants from developing recoding strategies that could 

systematically bias the difference in performance in the two categorisation tasks. It is theoretically 

possible that participants could develop other task-switching strategies. However, the test authors 

argue that any effects resulting from such strategies should affect both categorisation tasks equally. 

If present at all, such effects would merely lead to an increase in unsystematic error variance, 

reducing the reliability of the test but not resulting in systematic bias (Teige-Mocigemba, et al., 

2008).  
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To date, the SB-IAT has been applied only in four subsequent works, including two 

applications of its original form (Gebauer, Göritz, Hofmann, & Sedikides, 2012; Meissner & 

Rothermund, 2013) and two applications of a single-block, single-target modification (SB-ST-IAT; 

Zinkernagel, Hofmann, Dislich, Gschwendner, & Schmitt, 2011; Zinkernagel, Hofmann, 

Gerstenberg, & Schmitt, 2013). Only the study of Gebauer et al. (2012) report evidence of 

convergent validity, based on a correlation of r = .16 with an explicit measure of attitude.  

Applications of the IAT-RF have been reported in only five subsequent works, two of which 

report convincing evidence of the IAT-RF’s ability to reduce recoding processes (Gast & 

Rothermund, 2010; Meissner & Rothermund, 2013). Two studies designed to test the effects of 

approach–avoidance trainings on implicit attitudes use IAT-RF measures as dependent variables 

(Huijding, Muris, Lester, Field, & Joosse, 2011; Kemps, Tiggemann, Martin, & Elliott, 2013). To 

our knowledge, Houben, Rothermund, and Wiers’s (2009) study remains the only one to investigate 

the predictive validity of the IAT-RF. These authors report a correlation of r = .35 between an IAT-

RF and self-reported alcohol consumption. Compared with the prediction of self-reported behaviour 

from explicit measures alone, the IAT-RF had significant incremental validity. 

Aim of the current study 

The SB-IAT and the IAT-RF are viable paradigms to alleviate concerns about measurement 

bias often raised in connection with the classical IAT. To date, however, only a few and quite 

diverse studies have applied both paradigms. Thus, evidence of their predictive validity is 

particularly limited: Until now, only Houben et al. (2009) investigated the ability of the IAT-RF to 

predict behaviour, and even in that study, the criterion was self-reported and not actual behaviour. 

Evidence indicating the ability of the SB-IAT to predict behaviour can only be drawn from the 
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original publication: Teige-Mocigemba et al. (2008, Experiment 2) found the SB-IAT’s prediction 

of intended voting behaviour mediated through a self-reported attitude.   

Thus, the aim of the current research is to provide evidence of the validity of both paradigms. 

In addition to convergent and discriminant validity, we examine their predictive validity with 

respect to actual behaviour, comparing both paradigms with the classical IAT. We conducted the 

study in the domain of consumer products. The advantage is that behavioural validation criteria are 

much easier to measure than those in domains such as alcohol abuse (see Houben et al., 2009).  

Method 

Participants  

In total, 132 native Danish speakers participated in the experiment (66 men, and 66 women). 

All were students at Aarhus University, with a mean age of 23.6 years (SD = 2.01, min = 20, max = 

29). In addition, 115 participants were right-handed (87.1%). All participants received two movie 

tickets as an incentive for participation. 

Design and procedure 

All experimental sessions were held individually and were divided into three parts. After 

arriving at the laboratory and signing the legally required consent forms, participants completed a 

consumer product test. This first part provided the cover story for the experiment. Participants were 

exposed to two types of snack products (wine gummies and liquorice) and answered a series of 

product-related questions. After completing the questions, they were allowed to consume as much 

of the products as they liked. The amounts were recorded unobtrusively for use as subsequent 

validation criteria. In the second part of the experiment, participants were assigned to one of three 

experimental conditions. We used stratified random assignment so that gender, age, and hand 
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dominance were equally distributed across conditions. One-third of the participants completed the 

classical IAT, one-third the SB-IAT and one-third the IAT-RF. In all three conditions, the target 

categories were the products from the first part of the experiment, and the attribute categories were 

“positive” and “negative”. In the third part, participants completed another short questionnaire 

consisting of demographic questions, a second hunger rating and a series of scales unrelated to the 

purpose of the study. After completing this questionnaire, participants were debriefed as to the 

actual purpose of the study and received their incentive. 

Materials and measures 

Target products  

At the beginning of the experiment, each participant was presented with 150 g wine gummies 

(Gold-Bears, Haribo) and 150 g liquorice (Salty Fish, Katjes), each of which came in a glass bowl 

with no reference to the brand or product package. We chose the target products to be equal in their 

overall product type and nutritional value (both were sweets with high sugar content) but to differ 

substantially in their sensory characteristics, including appearance (colourful vs. black), mouth feel 

(smooth vs. sugar-topped) and taste (sweet and sour vs. sweet and salty). Because liquorice is a 

popular product category in Scandinavia, we can rule out a priori differences between the products 

in terms of familiarity with the category.  

Convergent validation criteria  

We measured explicit evaluations in the first part of the experiment. After sampling the 

products, the participants were asked to evaluate them (“How much do you like the taste and feel of 

this wine gum [liquorice] in your mouth”) on 100mm visual analogue scales anchored by “not at all” 

and “extremely much”. In addition, participants reported their general affective evaluation of the 
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product categories (“How positive/negative is your feeling towards wine gummies [liquorice]”) on 

100mm visual analogue scales anchored by “extremely negative” and “extremely positive”. We 

transformed the explicit product evaluations and reported affect related to the product categories 

into relative preference measures by subtracting the respective value for wine gummies from that 

for liquorice. The resulting relative measures of product evaluation (R-evaluation) and affect related 

to the product category (R-affect) were highly correlated, r(130) = .75, p < .001 (for further 

descriptive results, see Table 1).  

Discriminant validation criteria  

To assess the degree to which measures of evaluation can be distinguished from measures of 

other closely related constructs, we also included explicit measures of motivational constructs in the 

first part of the experiment. Before sampling the products, participants were asked to rate their 

current desire for both products (“How much do you want to try wine gum [liquorice] now”) on 

100mm visual analogue scales anchored by “not at all” and “extremely much”. Finlayson, King, 

and Blundell (2008) use a similar question with the same anchor points to measure the motivational 

construct of wanting. We computed a relative preference measure (R-desire) by subtracting the 

value for wine gummies from that for liquorice. Also before sampling the products, participants 

made a hypothetical choice between the products (“If you had to choose between liquorice and wine 

gummies, which bowl would you choose”). Sixty participants chose wine gummies (45.5%), and 72 

chose liquorice (54.5%). We constructed a relative measure (R-choice), which took the values of –1 

for wine gummies and +1 for liquorice. R-desire and R-choice were highly correlated, r(130) = .73, 

p < .001 (for further descriptive results, see Table 1). 
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 Predictive validation criterion  

We determined the amount of each product participants consumed by weighing the bowls 

before and after the experiment. We calculated a relative measure of the amount consumed (R-

amount) by subtracting the amount of wine gummies consumed during the session from that of 

liquorice. Negative values indicate greater consumption of wine gummies, and positive values 

indicate greater consumption of liquorice. R-amount correlated slightly higher with R-evaluation, 

r(130) = .50, p < .001, and R-affect, r(130) = .50, p < .001, than with R-desire, r(130) = .39, p 

< .001, and R-choice, r(130) = .43, p < .001 (for further descriptive results, see Table 1). 

Note that at the beginning and end of a session, participants rated their current hunger (“How 

hungry do you feel right now”) on 100mm visual analogue scales anchored by “not at all” and 

“extremely much”. Not surprisingly, a general linear model for repeated measures revealed that 

participants felt significant less hungry at the end, F(1, 129) = 15.50, p < .001, η2 = .11. However, 

the three groups differed in their overall perceived hunger, F(2, 129) = 4.35, p = .015, η2 = .06, with 

the IAT group feeling significantly hungrier than participants in the SB-IAT condition; the IAT-RF 

group was indifferent. Nevertheless, this group difference did not affect the predictive validation 

criterion: the interaction of both factors (time of hunger measurement  experimental group) was 

not significant, F(2, 129) = 2.20, p = .115, η2 = .03. More important, the three groups did not differ 

in terms of the five validation criteria; R-amount, F(2, 129) = 0.45, p = .642, η2 = .01, R-wanting, 

F(2, 129) = 1.78, p = .173, η2 = .03, R-choice, F(2, 129) = 0.09, p = .914, η2 = .00, R-evaluation, 

F(2, 129) = 0.44, p = .645, η2 = .01, and R-affect, F(2, 129) = 0.48, p = .618, η2 = .01. 

Indirect tests  

We ran the IATs in E-Prime Professional 2.0 (Schneider & Zuccoloto, 2007), and the stimuli 

were presented on Samsung 22-inch monitors. Attribute and target categories, stimuli, and basic 
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design elements (e.g., font size, background and font colour) were the same in all three tests. The 

stimuli serving as instances of the target categories (wine gummies, liquorice) were six photos of 

each product, taken in an identical manner (same white plate, lighting condition, background, 

viewing angle, and portion size). The stimuli serving as instances of the attribute categories 

(positive, negative) were six pleasant and unpleasant Danish words, all presented in black colour on 

a white background. Participants categorised the stimuli by pressing either response key “1” (left) 

or response key “5” (right) on a precision serial response box (Model 200A; Psychology Software 

Tools). Reaction times were recorded as dependent variables 

The three indirect tests were based on the same two categorisation tasks: (1) wine gummies and 

negative versus liquorice and positive and (2) wine gummies and positive versus liquorice and 

negative. They differed in presentation and order of the two categorisation tasks. In the classical 

IAT, the categorisation task changed block-wise: Participants completed the test trials of the first 

categorisation task in Blocks 4 and 5 and the test trials of the second categorisation task in Blocks 8 

and 9. Blocks 1, 2, 3, 6, and 7 were practice blocks. In the SB-IAT, the two categorisation tasks 

remained in fixed positions in the upper and lower parts of the screen. Blocks 6–9 consisted of the 

test trials for both categorisation tasks, and Blocks 1–5 were practice blocks. In the IAT-RF, the 

categorisation task changed at random from trial to trial. Blocks 4–7 consisted of the test trials for 

both categorisation tasks, and Blocks 1–3 were practice blocks. Despite these procedural differences, 

the three tests had the same number of test trials (192 of 312 trials in the classical IAT and the SB-

IAT, 192 of 264 trials in the IAT-RF) and only differed in the number of practice trials.  

The SB-IAT and IAT-RF do not rely on a block structure, so block-order effects are not likely 

to occur. In contrast, block-order effects are common in the classical IAT. Note that some 

researchers have warned against counterbalancing block order across participants; for individual 

differences, a counterbalanced design might actually do more harm than good because the different 
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task sequences might produce different response distributions that are not comparable to each other 

(Gawronski, 2002; Gawronski, Deutsch, & Banse, 2011). The purpose of the current study is not to 

compare individuals but to compare the validity of the three tests, and thus we counterbalanced the 

task sequence to achieve a more stringent and informative comparison. To our knowledge, the SB-

IAT and IAT-RF have never been tested in a fully counterbalanced design. In the SB-IAT, for 

example, which categorisation task is practised first and which one is located in the upper part of 

the screen could make a difference. We developed four task sequences for each test and 

counterbalanced them within the three test groups.  

In the IAT and IAT-RF, each trial started with a fixation cross presented in the centre of the 

screen and the four category labels in the upper-left and upper-right corners of the screen. In the 

SB-IAT, a fixation cross appeared at random in the upper or lower half of the screen, indicating 

where the stimulus would be shown. In all three tests, the fixation cross remained for 500ms on the 

screen and then was replaced by a stimulus. Each stimulus remained on the screen until the 

participant pressed a key on the response device. If the response was correct, the stimulus 

disappeared, and after 500ms a new fixation cross appeared. If the response was incorrect, an error 

message was shown (“You made a mistake”) and remained on the screen until the correct key was 

pressed. Following Karpinski and Steinman (2006), we also used a second type of feedback to 

speed up the response process and decrease the probability of controlled processing during the tests. 

If a participant failed to respond within 3000 ms, a feedback message (“Please respond faster”) 

appeared and remained on the screen until the correct key was pressed. All stimuli were presented 

in randomised order. 
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Table 1. Mean values (standard deviations) and confidence intervals (95%) for the relative 

validation criteria, the single scales (N = 132), and the D-scores of each indirect test  

 Relative differences measures Liquorice  Wine gummies

 M CI95%  M  M 

R-amount –4.82 (23.57) [–8.87, –0.76]  19.15 (16.95)  23.96 (25.84) 

R-desire –3.61 (30.93) [–8.94, 1.71]  55.12 (28.47)  58.73 (23.48) 

R-choice 0.09 (1.00) [–0.08, 0.26]  54.5%  45.5% 

R-evaluation 2.65 (29.88) [–2.49, 7.80]  66.01 (23.26)  63.36 (21.89) 

R-affect –7.76 (33.37) [–13.50, –2.01]  60.69 (23.72)  68.45 (20.15) 

D-score IAT  –0.57 (0.42) [–0.69, –0.44]       

D-score SB-IAT  –0.18 (0.29) [–0.27, –0.08]       

D-score IAT-RF  –0.24 (0.25) [–0.31, –0.16]       

Note. Validation criteria are represented in grams (R-amount) or coded choice (R-choice) or based on 100mm VAS 
scales. The three experimental groups did not differ in their validation criteria. However, a significant gender difference 
was revealed for R-amount, F(1, 130) = 5.95, p = .016, η2 = .04, R-choice, F(1, 130) = 6.18, p = .014, η2 = .05, R-
evaluation, F(1, 130) = 6.23, p = .014, η2 = .05, and R-affect, F(1, 130) = 4.04, p = .046, η2 = .03. It seems that women 
ate, chose, and positively perceived liquorice more than wine gummies; means (with standard deviations in parentheses) 
of women in R-amount, M = 0.10 (16.58), R-choice, M = 0.30 (0.96), R-evaluation, M = 9.02 (28.63), and R-affect, M 
= –1.98 (33.92), and of men, –9.73 (28.22), –0.12 (1.00), –3.71 (29.96), –13.53 (32.04), respectively.  

 

Data preparation  

All three tests involved the same two categorisation tasks. Following the recommendations by 

Greenwald and colleagues (1998; 2003), we only used data from test trials, eliminated the first two 

trials of each test block (leaving 184 test trials per person in each of the three indirect tests) and 

replaced each error latency with the participant-specific mean RT in the respective categorisation 

task plus a penalty latency of 600 ms.  

For each participant and test, we then calculated individually standardised measures of 

difference in task performance (D-scores; Greenwald, et al., 2003). The participant-specific mean 

RT in one categorisation task (wine gummies and negative vs. liquorice and positive stimuli) was 

subtracted from the participant-specific mean RT in the other categorisation task (wine gummies 
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and positive vs. liquorice and negative stimuli) and then divided by the participant-specific pooled 

within-task standard deviation. Hence, a positive D-score indicates shorter latencies and fewer 

mistakes in the task that combined wine gummies with negative and liquorice with positive stimuli 

and can be interpreted as an implicit preference for liquorice. A negative D-score indicates shorter 

latencies and fewer mistakes in the task that combined wine gummies with positive and liquorice 

with negative stimuli and can be interpreted as an implicit preference for wine gummies.  

The participant-specific standardisation of mean RT differences in the calculation of the D-

score has the purpose to make the size of intra-individual differences in task performance 

comparable across individuals (Greenwald, et al., 2003). Unfortunately, the standardisation causes a 

serious problem when D-scores from different test paradigms are to be compared, as it is the 

purpose of the present study. In the presence of measurement error—and it can hardly be assumed 

that a D-score measures an underlying preference construct with perfect reliability—part of the 

variance that is used for standardising the mean RT difference will be error variance. Meaningful 

comparisons of D-scores from different test paradigms (and, by extension, comparisons of their 

correlations with validation criteria) would require that the proportion of measurement error 

variance in the observed RT variance is the same for all test paradigms. If this assumption was 

violated and the proportion of error variance differed between the test paradigms, the 

standardisation in the calculation of the D-scores would attenuate the true difference in task 

performance to different degrees. As a consequence, D-scores from different test paradigms would 

not have the same metric and would not have the same reliability, and comparisons of the test 

paradigms in terms of mean D-scores and correlations with validation criteria, as intended in the 

present paper, would not be meaningful. 

To make such comparisons meaningful, we derived a corrected D-score that is standardised 

based on a disattenuated estimate of the pooled within-task standard deviation. Psychometric details 
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are documented in Appendix A. Moments of the raw and corrected D-score distributions are 

compared in Appendix B.  

Results 

Following Greenwald et al. (2003), we excluded three participants from the analysis (SB-IAT: 

n = 2; IAT-RF: n = 1) because more than 10% of their RTs were below 300ms. The following 

analysis is based on the remaining data from n = 44 (IAT), n = 42 (SB-IAT) and n = 43 (IAT-RF) 

participants. 

Compatibility and block-order effects 

A 2  3 general linear model with the categorisation task as a within-subjects factor and the 

type of indirect measurement procedure as a between-subjects factor revealed two significant main 

effects. In general, mean RT differed between the three tests, F(2, 126) = 50.91, p < .001, η2 = .45, 

and between the two tasks, F(1, 126) = 116.43, p < .001, η2 = .48. As Figure 1 illustrates, mean RTs 

were generally shortest in the classical IAT and longest in the SB-IAT. Furthermore, participants 

responded generally faster when wine gummies were combined with positive stimuli and liquorice 

with negative stimuli than in the opposite way. The main effects were qualified by a significant 

interaction, F(2, 126) = 8.56, p < .001, η2 = .12. When comparing the average RTs of the two 

categorisation tasks in each indirect test, we expected and indeed found larger absolute effects for 

the classical IAT, t(43) = –8.56, p < .001, d = 2.61, than for the IAT-RF, t(42) = –6.04, p < .001, d = 

1.86, and the SB-IAT, t(41) = –4.20, p < .000, d = 1.31 (Figure 1). The same pattern emerged when 

we compared the dissattenuated relative difference scores (D-scores; see Appendix A) of the three 

indirect measurement procedures: the average scores differed significantly between the three tests, 

F(2, 126) = 17.69, p < .001, η2 = .22. All were significantly below zero, suggesting that participants 
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on average implicitly preferred wine gummies to liquorice (for further descriptive results, see Table 

1).  

Because the classical IAT is based on a fixed block structure, we expected and indeed found 

significant order effects, F(1, 42) = 13.73, p = .001, η2 = .25. D-scores were more negative when 

wine gummies were first paired with negative stimuli and liquorice with positive stimuli (M = –0.77; 

SD = 0.41; n = 22) than the other way around (M = –0.36; SD = 0.32; n = 22). We did not expect 

such order effects in the SB-IAT or the IAT-RF because both paradigms are based on a single-block 

structure. However, the SB-IAT was in fact confounded by task order, F(1, 40) = 8.63, p = .005, η2 

= .18. D-scores were significantly more negative when wine gummies were first paired with 

positive stimuli in the upper part of the screen and liquorice with negative stimuli (M = –0.30; SD = 

0.24; n = 21) than the other way around (M = –0.05; SD = 0.30; n = 21). No such order effects 

emerged for the IAT-RF, F(1, 41) = 0.00, p = .983, η2 = .00.  

 

 

Figure 1. Average reaction times (and standard errors) for both categorisation tasks in the classical 
IAT, the SB-IAT, and the IAT-RF. 
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 Convergent and discriminant validity  

The D-scores in the present study were implicit measures of evaluation. Hence, we assumed 

that all three scores would relate more to explicit evaluations (R-evaluation and R-affect) than to 

ratings with a motivational focus (R-desire and R-choice). We therefore correlated the D-scores 

from each indirect test with the validation criteria (Table 2). The IAT-RF D-score correlated highly 

with both convergent validation criteria, R-evaluation, r(41) = .51, p < .001, and R-affect, r(41) 

= .58, p < .001, and descriptively lower with both discriminant validation criteria, R-desire, r(41) 

= .36, p = .020, and R-choice, r(41) = .24, p = .123. In contrast, the SB-IAT D-score had no 

meaningful relationship to any of the self-reported validation criteria, whereas the classical IAT D-

score was at least somewhat (although not significantly) related to the criteria. Partial correlations 

that controlled for task order effects only revealed a significant relationship between the IAT D-

score and R-evaluation, r(41) = .41, p = .006. 

 

Table 2. Correlations (and partial correlations [in parentheses], controlled for the first 

categorisation task) between D-scores and the relative validation criteria for the three experimental 

groups (N = 129)  

 IAT   SB-IAT   IAT-RF 

R-amount –.01  (.06)  –.08 (–.04) .36 * (.37) * 

R-desire .28  (.28)  .02 (.10) .36 * (.36) * 

R-choice .24  (.23)  –.10 (–.08) .24  (.24)  

R-evaluation .27  (.41) ** –.07 (.05) .51 ** (.51) ** 

R-affect .17  (.22)  .05 (.07) .58 ** (.58) ** 

Note. * p < .05. ** p < .01. 
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Predictive and incremental validity  

Only the IAT-RF D-score correlated significantly with the relative amount consumed, r(41) 

= .36, p = .017. Neither the IAT D-score nor the SB-IAT D-score showed meaningful relationships 

to the predictive validation criterion (Table 2).  

To test whether the three indirect tests predicted independent parts of the behavioural criterion, 

we performed three two-step linear regressions. The relative amount consumed (R-amount) was 

predicated first by the implicit evaluations (the D-score of either the IAT, SB-IAT, or IAT-RF), and 

in a second step additionally by the four self-reported validation criteria (R-desire, R-choice, R-

evaluation, and R-affect). Only the IAT-RF was capable of explaining independent parts (R2 = .13) 

of the variance of the behavioural criterion. After we entered the self-reported measures in the 

second step, the explained variance increased marginally significantly for the IAT-RF group (ΔR2 

= .17, F(4, 37) = 2.21, p < .087), compared to significant changes in the IAT condition (ΔR2 = .46, 

F(4, 38) = 8.20, p < .001), or the SB-IAT group (ΔR2 = .47, F(4, 36) = 7.92, p < .001). Nevertheless, 

the standardised coefficient of the IAT-RF D-score decreased after the additions (βD-score = 0.36, 

t(42) = 2.48, p = .017 vs. βD-score = 0.13, t(42) = 0.77, p = .442), which suggests that the self-

reported measures mediated the implicit evaluations with wine gummies and liquorice. Overall, 

relative consumption behaviour was significantly predicted by R-affect in the IAT-RF condition 

(βR-affect = 0.49, t(42) = 2.06, p = .047), and by R-evaluation in the IAT (βR-evaluation = 0.37, t(43) = 

2.16, p = .037) and SB-IAT (βR-evaluation = 0.68, t(41) = 2.54, p = .016) conditions. 

Discussion 

In this article, we directly compared the classical IAT with two procedural variations: the SB-

IAT and the IAT-RF. Using a between-subjects design, we compared the three indirect 

measurement procedures in terms of their relationship with self-reported convergent and 
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discriminant validation criteria and unobtrusively measured behaviour. Taken together, the findings 

show that the IAT-RF was clearly superior to the other tests in all respects and also showed the 

expected correlation pattern: individual difference scores (D-scores) were highly correlated with 

convergent validation criteria and descriptively lower with discriminant validation criteria. 

Furthermore, the IAT-RF D-score correlated significantly with the unobtrusively measured 

behaviour. In contrast, the classical IAT was distorted by its block structure; the categorisation task 

performed initially biased the individual IAT effects. After we controlled for this bias, a significant 

relationship to one (but only one) of the convergent validation criteria emerged. Finally, the IAT 

and IAT-RF outperformed the SB-IAT. The SB-IAT D-score did not relate to any of the validation 

criteria and, furthermore, was influenced by the order of the categorisation tasks. In the SB-IAT, it 

mattered which categorisation task was performed initially and thus was located in the upper part of 

the screen.  

Overall, the performance of the SB-IAT is puzzling. Although (a) a significant mean difference 

emerged between the two categorisation tasks, (b) we used partial correlations to control for task 

order bias, and (c) the three groups of participants did not differ overall in terms of the observed (R-

amount) and self-reported validation criteria (R-desire, R-choice, R-evaluation, and R-affect), the 

SB-IAT D-score was still unrelated to the five validation criteria. One explanation could be that the 

SB-IAT is too cognitively demanding, which might lead to larger between-trial variability (possibly 

caused by other strategies than recoding) and, therefore, less precise estimation of the implicit 

evaluations. Although we tried to partly compensate for this by developing a disattenuation 

procedure (see Appendix A) and applying it in the current study, we still find differences between 

the SB-IAT and the other two tests that support this interpretation. First, mean RT of the SB-IAT 

were significantly larger than for the other two tests (see Figure 1), suggesting less automatic 

responses, possibly more deliberate cognitive processing, and longer searches for the relevant 
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category labels on the computer screen. To investigate if and what kind of search strategies 

participants perform during an SB-IAT it would be worthwhile to track participants’ gaze directions 

and eye movements, using eye tracking methodology. To the best of our knowledge, no such study 

has as yet been undertaken. Second, the disattenuated individually pooled standard deviations (see 

Appendices B) significantly differed between the three indirect tests, F(2, 126) = 23.76, p < .001, η2 

= .27, and were significantly higher for the SB-IAT (SD = 303.18), compared to the IAT (SD = 

208.75) and IAT-RF (SD = 227.88). Third, the amount of incorrect responses differed between the 

three indirect tests, F(2, 126) = 16.88, p < .001, η2 = .21, with significantly more errors detected in 

the SB-IAT condition (M = 15.17 errors, SD = 11.29; out of 184 test trials) than in the IAT (M = 

7.89 errors, SD = 4.84) and IAT-RF group (M = 6.60 errors, SD = 3.53).  

A general drawback of all three indirect tests was their total duration (approx. 12 min), which 

might limit their practical applicability, especially in applied research. A possible remedy could be 

to reduce the number of practice and test trials. However, this might negatively affect the reliability 

of the mean RT estimates. In the present study we used a relatively large number of trials (184 test 

trials) and obtained very high reliability estimates (above .94; based on Spearman-Brown split-half 

reliabilities calculated from different parcels of the two categorisation tasks).  

Furthermore, the fixed (and not randomised) order of the different phases of the overall 

procedure can be considered as a limitation: all participants were first exposed to the target products, 

self-reported their desire to try them, hypothetically chose one of them, reported their evaluation of 

the products, their general affective evaluations, and then performed one of the three indirect tests. 

In follow-up research, the external validity could be increased by systematically varying the order 

of these phases.  

Finally, another possible limitation of the study is that most of the convergent and discriminant 

validation criteria were self-report measures. Further research could investigate, for example, the 
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discriminant validity of the implicit measures of evaluation with respect to implicit measures of 

motivation, for example, IATs that use approach or avoidance concepts as attribute categories. 

Using a within-subjects design, Tibboel et al. (2011) compared a motivational “I want/I don’t want” 

IAT with an evaluative “I like/I don’t like” IAT. Performance did not differ significantly between 

both IATs, and both tests were highly correlated, interpreted by the authors as one indication of 

similar, rather than diverging processes. However, a high correlation between two similar IATs may 

also result from recoding processes and other sources of method-specific variance. It would be 

worthwhile to conduct a similar study but to use implicit tests that eliminate recoding processes and 

minimise method-specific variance. To our knowledge, such a comparison has neither been 

conducted for the IAT-RF nor the SB-IAT. Such an investigation would not only deepen our 

understanding of the strength and weaknesses of these novel procedures but also shed more light on 

the distinctness of evaluative and motivational processes in general. In line with this argument, 

further research should also investigate whether actual behaviour might be better predicted by a 

motivation-focused implicit measure than an evaluative implicit measure.  

The work presented here is highly relevant for research on implicit measures because, to our 

knowledge, it is the first study that directly compared the classical IAT with two frequently cited 

but rarely applied procedural variations—the SB-IAT and the IAT-RF—in a single experimental 

design. The results offer valuable insights into the IAT-RF in particular and should encourage 

researchers to use it with more confidence and as a serious alternative to the classical IAT. However, 

additional research is also necessary to further investigate the weaknesses of the SB-IAT. In this 

study, the IAT-RF clearly stood out from its competitors, and might become a rising star in the IAT 

measurement family, with its advantage of measuring recoding-free associations and its outstanding 

psychometric properties.  
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Appendix A: Correcting the raw D-score for attenuation 

We calculated raw D-scores (Greenwald, et al., 2003) as the standardised differences between 

the participant-specific means of the RTs obtained in the test trials corresponding to the two 

categorisation tasks of the respective test (referred to as categorisation tasks A and B hereafter). The 

standardisation was based on the pooled individual within-task standard deviation, so that 
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, (1) 

where NA and NB stand for the number of trials, ( )i AM RT and ( )i BM RT for the participant-specific 

means, and 2 ( )i As RT  and 2 ( )i Bs RT for the participant-specific variances of the RTs in tasks A and B, 

respectively. However, because observed RTs are not error-free measures of the underlying 

constructs they are intended to measure, the within-task variances from which the pooled standard 

deviation is calculated will consist of true-score variation and error variation, 

 2 2 2 2 2 2( ) ( ) ( )  and  ( ) ( ) ( )i A i A i A i B i B i Bs RT s RT           . (2) 

In the presence of measurement error, the pooled within-task standard deviation will 

overestimate the within-task variation of the true scores, which in turn will lead to an 

underestimation of the true relative mean RT difference between the tasks. However, by using 

elementary results of classical test theory, it is possible to correct the raw D-score for attenuation. In 

classical test theory, reliability is defined by the ratio of true-score variation to observed variation. 

If the reliabilities rtt(RTA) and rtt(RTB) of the mean within-task RTs can be estimated, it will also be 

possible to estimate the amount of true-score variation within each task, 

 2 2 2 2ˆ ˆ ˆ ˆ( ) ( ) ( )  and  ( ) ( ) ( )i A tt A i A i B tt B i Br RT s RT r RT s RT     . (3) 
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From these estimates, we can then calculate a corrected D-score as 
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A simple method of estimating the reliabilities rtt(RTA) and rtt(RTB) in this expression is to 

randomly divide the trials in each task into two equally sized subsets, respectively (A1 and A2, B1 

and B2), and then calculate Spearman–Brown split-half reliability estimates on the basis of the 

sample correlations r between the mean RTs obtained in these subsets,   
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Inserting Equation (5) into Equation (4) and re-arranging terms yields the following expression 

for the D-score corrected for attenuation: 
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Appendix B: Comparing the raw with the corrected D-score  

Mean values (standard deviations) and confidence intervals (95%) for the raw and corrected D-

scores and the raw and corrected pooled standard deviations, which were used for standardisation 

in the D-score calculation, separated for the experimental groups (N = 129) 

 Raw D-score  Corrected D-score 

 M CI95%  M CI95% 

IAT  –0.48 (0.32) [–0.58, –0.38]  –0.57 (0.42) [–0.69, –0.44] 

SB-IAT –0.16 (0.27) [–0.25, –0.08]  –0.18 (0.29) [–0.27, –0.08] 

IAT-RF –0.22 (0.22) [–0.29, –0.15]  –0.24 (0.25) [–0.31, –0.16] 

 Raw pooled SD   Corrected pooled SD 

 M CI95%  M CI95% 

IAT  235.45 (65.33) [215.59, 255.31]  208.75 (57.07) [191.40, 226.10]

SB-IAT  325.22 (80.47) [300.15, 350.30]  303.18 (76.31) [279.40, 326.95]

IAT-RF   242.28 (70.30) [220.64, 263.91]  227.48 (66.30) [207.48, 248.28]

Note. Raw standard deviations were pooled over all test trials, whereas corrected standard deviations were pooled for 
each categorisation task, corrected for attenuation, and averaged. Furthermore, mean differences between raw and 
corrected D-scores, as well as differences between the differently pooled mean standard deviations, were significant in 
each test; F(1,126) = 13.78, p < .001 η2 = .18, and F(1,126) = 9.93, p < .001 η2 = .14, respectively.  
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Abstract 

We report two procedures for the indirect measurement of approach-avoidance tendencies and 

assess their convergent, discriminant and predictive validity. The procedures are modifications of 

the classical IAT and the Recoding-Free IAT (IAT-RF) and use motivational attribute categories 

(approach, avoidance) instead of evaluative ones. In Study 1 (N = 162), we assessed their 

convergent and discriminant validity with respect to self-report measures of motivation and 

evaluation, and their predictive validity with respect to actual behaviour. In Study 2 (N = 205), we 

compared their validity to evaluative variants of the same test paradigms. Common consumer 

products were used as target categories. In both studies, the procedures based on the IAT-RF were 

clearly superior to those based on the classical IAT. The motivational IAT-RF had the highest 

predictive validity with respect to actual behaviour and showed satisfactory convergent and 

discriminant validity.  

 

Keywords: 

Implicit Association Test; Implicit measures; Recoding; IAT-RF; Approach-avoidance 
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Introduction 

Individual differences in the evaluation of social objects, and the motivation to approach or 

avoid them, are a central part of many psychological theories. However, scientists have always 

faced challenges in assessing them. One solution has been to draw conclusions based on observable 

behaviour, another to rely on self-reports. Often, however, people are unable or unwilling to 

verbalise what influences their perception, judgment and behaviour (e.g., Nisbett & Wilson, 1977; 

Wilson, 2002). Especially in social psychology, indirect measures have therefore been developed 

that do not rely on the introspective abilities of individuals (see Klauer, Voss, & Stahl, 2011). At the 

same time, there was a significant shift in researchers’ attention. Research increasingly focused on 

fast, spontaneous and effortless cognitive processes that often occur outside consciousness (e.g., 

Bargh, 1992; Zajonc, 1980). Many of these processes involve “hot” cognition; since then, affective 

and motivational concepts have experienced something of a renaissance after they had more or less 

disappeared during the cognitive revolution (see Gardner, 1987).  

Today, evaluations of social objects are assumed to change as a function of situational context 

(e.g., Fazio, Sanbonmatsu, Powell, & Kardes, 1986; Ferguson & Bargh, 2003; Wittenbrink, Judd, & 

Park, 2001) and to be influenced by motivational processes such as goals or need states. Ferguson 

and Bargh (2004; Experiment 2), for example, experimentally manipulated their participants’ thirst 

and showed that thirst-relevant stimuli such as “water” or “drinking” led to faster responses when 

participants were thirsty than when they were not thirsty whilst no such effect was found for thirst-

irrelevant (e.g., “chair”) or weakly related stimuli (e.g., “coffee”). Sherman, Rose, Koch, Presson, 

and Chassin (2003; Experiment 2) compared heavy smokers who just had smoked a cigarette with 

heavy smokers who had been deprived for several hours and found their automatic evaluations 

sensitive to their motivational states: deprived, heavy smokers held more positive implicit attitudes 
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towards smoking than heavy smokers who had just had a cigarette (also see, Ferguson, 2008; Seibt, 

Häfner, & Deutsch, 2007).  

Motivational states that are linked to the regulation of approach and avoidance behaviour have 

been integrated into various social-cognitive theories (e.g., Neumann, Förster, & Strack, 2003; 

Strack & Deutsch, 2004). Some researchers have even gone so far as to suggest that motivational 

concepts such as desire may become a new “hot spot” in social cognition research (Hofmann & Van 

Dillen, 2012). The necessity to distinguish between evaluative and motivational processes becomes 

particularly clear in the context of phenomena like addiction (e.g., Berridge & Robinson, 2003; 

Deutsch & Strack, 2006), prejudice (Payne, 2001), and excessive consumer spending (e.g., Hoch & 

Loewenstein, 1991; Strack, Werth, & Deutsch, 2006) where dissociations between evaluation and 

motivation and between explicit and implicit components are at the core of highly problematic 

behaviours. However, reliable and valid procedures are needed to measure these processes.  

More than 20 indirect measurement procedures have been developed in social cognition 

research (for a review, see Nosek, Hawkins, & Frazier, 2011), most of them to measure evaluation 

indirectly. Some of the procedures assume an implicit link between evaluation and motivation and 

use positive and negative stimuli to elicit approach and avoidance reactions, for example the 

Approach-Avoidance Task (e.g., Chen & Bargh, 1999; Rinck & Becker, 2007), the Manikin Task 

(De Houwer, Crombez, Baeyens, & Hermans, 2001), or the Evaluative Movement Assessment 

(EMA; Brendl, Markman, & Messner, 2005). Some popular implicit attitude measures have been 

modified to assess motivational approach-avoidance tendencies (for a modified approach-avoidance 

task based on the EAST, see Papies, Barsalou, & Custers, 2012). The Implicit Association Test 

(IAT; Greenwald, McGhee, & Schwartz, 1998) is without doubt the most prominent and widely 

applied indirect measurement procedure (Nosek, et al., 2011). Although originally intended to 

measure positive versus negative evaluations, it has in several studies been adapted to assess 
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motivational concepts. Especially in the context of alcohol abuse, such motivational approach-

avoidance IATs have successfully been applied (for a review, see Roefs et al., 2011).  

Outside the area of substance abuse, experience with motivational IATs is still very limited. 

Hence, the first aim of the research presented in this paper is to assess whether IAT-based measures 

of motivational approach-avoidance tendencies are also reliable and valid in contexts other than 

substance abuse. Moreover, the classical IAT has recently been the target of severe methodological 

criticism. Therefore, the second aim of the research is to test whether a recent procedural 

modification, the Recoding-Free IAT (Rothermund, Teige-Mocigemba, Gast, & Wentura, 2009), is 

superior to the classical IAT in terms of reliability and validity. 

The Implicit Association Test (IAT)  

The IAT is a computer-based response time measurement procedure consisting of two binary 

categorisation tasks that are learned and then performed separately in a fixed series of blocks. First, 

participants learn to categorise target stimuli as instances of two target categories (e.g., fruit vs. 

chocolate) by pressing one of two assigned response keys. Then, participants learn to categorise 

attribute stimuli as instances of two attribute categories (e.g., positive vs. negative), using the same 

response keys. In the first critical test block, all four categories are combined into one binary 

categorisation task (e.g., fruit and positive stimuli are categorised using the left response key, 

chocolate and negative stimuli using the right response key). In the second critical test block, the 

category pairings are turned around (e.g., fruit and negative stimuli are categorised using the left 

response key, chocolate and positive stimuli using the right response key). Response latencies and 

error rates are recorded as dependent variables. After completion, an individual test score is 

calculated based on the relative difference between the average performance in the two tasks (for 

different scoring algorithms, see Greenwald, Nosek, & Banaji, 2003). The underlying rationale is 
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that reactions should be faster and errors should be fewer when the tasks are combined in an 

association-congruent manner as opposed to an association-incongruent manner.  

The IAT is a flexible procedure. In the standard form of the IAT, the attribute dimension is 

evaluative (e.g., positive vs. negative; pleasant vs. unpleasant). Hence, associations with target 

concepts such as objects, products or persons are typically interpreted as measures of attitude 

(representing object-evaluation associations in the sense of Fazio, Chen, McDonel, & Sherman, 

1982). However, the IAT can easily be adapted to measure motivational tendencies. Palfai and 

Ostafin (2003) introduced a modified IAT in which approach and avoidance words (e.g., advance, 

forward, escape, withdraw) were used as instances of the attribute categories.  

The motivational approach-avoidance IAT has mainly been applied in the context of alcohol 

abuse (e.g., Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011; Wiers, Rinck, Kordts, Houben, & 

Strack, 2010). In a recent study, Ostafin and Brooks (2011) examined its re-test reliability over a 

two-week interval and found it satisfactory (rtt = .65). Other studies established its convergent and 

incremental validity (Ostafin & Palfai, 2006; Palfai & Ostafin, 2003) and demonstrated its 

predictive validity with respect to objective measures of alcohol consumption (Ostafin, Marlatt, & 

Greenwald, 2008), self-reported alcohol consumption over a period of 90 days (Cohn et al., 2012) 

and self-reported expectations about future alcohol consumption (Farris, Ostafin, & Palfai, 2010). 

Recently, Lindgren and colleagues (2013) compared six alcohol-related IATs in a large student 

sample in terms of their convergent validity with respect to various self-report measures and self-

reported drinking behaviour. The IATs included (1) an approach-avoidance IAT with “alcohol” 

versus “water” as target concepts and “approach” versus “avoid” as attribute concepts, (2) an 

excite-depress IAT, (3) a drinker-non-drinker IAT, (4) a personalised Brief-IAT (BIAT; Sriram & 

Greenwald, 2009) with “stress” as attribute concept, (5) a personalised BIAT with “coping” as 

attribute concept, and (6) a control IAT that paired alcohol concepts with food concepts. The 
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approach-avoidance IAT performed second-best in this comparison, only surpassed by the drinker-

non-drinker IAT.  

Unfortunately, Lindgren et al.’s (2013) validation study did not include an evaluative positive-

negative IAT as a discriminant validation. Up until now, only few studies have made such 

comparisons, with somewhat inconsistent results. In studies by Türk Pereira (2010), a motivational 

Single-Target IAT (ST-IAT; Karpinski & Steinman, 2006; Wigboldus, Holland, & van Knippenberg, 

2004) with “food” as the target category and ”I want” versus “I don’t want” as attribute categories 

discriminated between food-deprived and satiated participants whilst an evaluative variant of the 

same test (with “I like” vs. “I don’t like” as attribute categories) did not. In a study on smoking (De 

Houwer, Custers, & De Clercq, 2006), an approach-avoidance IAT detected relative approach 

tendencies in smokers and relative avoidance tendencies in non-smokers; however, there was no 

evidence that the motivational approach-avoidance IAT discriminated better between smokers and 

non-smokers than an evaluative positive-negative IAT. Furthermore, in an alcohol-related study 

(Wiers, Van Woerden, Smulders, & De Jong, 2002; for similar results, see De Houwer, Crombez, 

Koster, & de Beul, 2004), an active-passive IAT detected significantly stronger associations 

between arousal and alcohol among heavy drinkers than among light drinkers, whereas a positive-

negative IAT did not differentiate between these groups.  

These findings have not only been interpreted as evidence for the discriminant validity of 

evaluative and motivational IATs but also as evidence for the nomological validity of the distinction 

between an evaluative construct of “liking” and a motivational construct of “wanting” as is made by 

incentive salience theory (e.g., Berridge & Robinson, 2003; Robinson & Berridge, 1993). However, 

some doubt has recently been raised by a study on smoking by Tibboel and colleagues (2011). The 

authors used personalised attribute categories in an evaluative IAT (“I like” vs. “I do not like”) and 

a motivational IAT (“I want” vs. “I do not want”; the target concepts in both tests were “nicotine” 
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vs. “household”). Both measures discriminated between smokers and non-smokers. However, the 

motivational IAT did not discriminate between deprived and non-deprived smokers whereas the 

evaluative IAT did. Furthermore, the motivational and evaluative IAT scores were highly correlated 

in the smoking groups (r = .78 and .77; no correlation was reported for the non-smoking group), 

considerably more so than in previous studies such as De Houwer et al. (2006) where the 

correlation was r = .39, or Wiers et al. (2002) where the correlation was r = .41.  

One could argue that the moderate construct correlations one would theoretically expect may 

have been inflated in previous studies due a methodological problem in the IAT known as recoding 

(Rothermund, et al., 2009). As we will discuss below, recoding processes have a structural cause, 

and so it is possible that the scores derived from the motivational and evaluative IATs were 

confounded by a considerable portion of method-specific variance that affected both versions of the 

test.  

The Recoding-Free IAT (IAT-RF) 

The internal validity of the classical IAT paradigm has been called into question by several 

research groups (e.g., De Houwer, 2003; Mierke & Klauer, 2003; Rothermund & Wentura, 2004) 

due to a possible confounding factor known as recoding (Rothermund, et al., 2009): instead of 

categorising stimuli in accordance with the instructions for the two binary categorisation tasks, 

participants may simplify one of the tasks by ignoring category membership, relying exclusively on 

a single, possibly extraneous feature that helps distinguish the four stimulus classes (e.g., valence, 

meaning, extra-personal knowledge, perceptual stimulus features such as salience, size, colour). In 

the opposite categorisation task, however, participants would not be able to rely on the same 

recoding strategy and would have to consider all four categories separately. Since this would 



RESEARCH ARTICLE 2 

-82- 
 

require more cognitive resources, longer response latencies and more errors would be expected in 

the second task.  

Rothermund et al. (2009) have argued that the fixed block structure in the classical IAT 

paradigm reinforces such recoding processes. If, for example, a recoding strategy was learned 

during the practice block that is efficient for the first categorisation task, it would systematically 

bias the IAT score of a participant in a negative direction. This, in turn, would seemingly suggest 

that the categories paired in the first categorisation task are more strongly associated than the 

categories paired in the second categorisation task although this might not actually be the case. As a 

solution to this problem, Rothermund and colleagues developed a modified IAT paradigm, the 

Recoding-Free IAT (IAT-RF). The paradigm combines both categorisation tasks in one test block. 

Within this block, the categorisation task switches randomly between trials, not in a fixed sequence 

between blocks, as in the classical IAT. In a direct comparison with the classical IAT, the authors 

found good evidence that recoding was indeed prevented in the IAT-RF and that method-specific 

variance was reduced (Rothermund, et al., 2009).  

Kraus and Scholderer (2014) compared the IAT-RF, the classical IAT and the Single-Block IAT 

(SB-IAT; Teige-Mocigemba, Klauer, & Rothermund, 2008) in terms of their convergent and 

discriminant validities with respect to self-report measures and actual behaviour (the attribute 

categories in all three tests were “positive” vs. “negative”, the target categories were two consumer 

products). The IAT-RF was clearly superior to the other paradigms. Interestingly, only the IAT-RF 

was significantly related to an unobtrusive measure of actual behaviour. Other researchers have 

reported good experience with modified versions of the IAT-RF to measure associations between 

alcohol and arousal (Houben, Rothermund, & Wiers, 2009), food cravings (Kemps, Tiggemann, 

Martin, & Elliott, 2013), and for use in trainings to reduce children’s fear of animals (Huijding, 

Muris, Lester, Field, & Joosse, 2011).  
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Up until now, only one study has been reported in the literature (Kemps et al., 2013) in which 

the IAT-RF was tested with approach and avoidance concepts as attribute categories. More 

importantly, the discriminant validity of motivational and evaluative versions of the IAT-RF with 

respect to each other has never been examined. In light of the inconsistent results obtained with 

motivational and evaluative versions of the classical IAT (see above), a direct comparison of 

motivational and evaluative versions of the classical IAT and the IAT-RF would be the obvious 

next step.  

The present research  

The aim of the research presented here is to test an indirect measure that, on the one hand, 

assesses motivational tendencies towards specific objects in a context other than addiction and, on 

the other hand, addresses methodological problems in the classical IAT paradigm. To this end, we 

(a) use “approach” and “avoidance” as attribute categories, (b) use two common consumer products 

as target categories, (c) compare a test based on the classical IAT paradigm to a recent variation, the 

IAT-RF paradigm, and (d) compare the motivational versions of both tests (hereafter, m-IAT and 

m-IAT-RF) to evaluative versions of both tests (hereafter, e-IAT and e-IAT-RF). 

In Study 1, we will establish convergent and discriminant validity of m-IAT and m-IAT-RF 

with respect to self-report measures of motivation and evaluation, and examine their predictive 

validity with respect to actual behaviour. We expect both indirect measures of motivation to be 

related to self-report measures (see Hofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005) but 

more strongly to self-report measures of motivational tendencies than to evaluative judgments of 

the target products. In Study 2, we will investigate the discriminant validity of the two indirect 

measures of motivation (m-IAT and m-IAT-RF) with respect to their evaluative counterparts (e-IAT 

and e-IAT-RF) in a within-subject design, compare their convergent and discriminant validity with 
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respect to self-reported motivational tendencies and product evaluations, and compare their 

predictive validities with respect to actual choice behaviour. 

Study 1 

Method 

Participants  

The sample consisted of 162 native Danish speakers (92 men, 70 women). All participants were 

students with different majors. They received a cafeteria voucher as incentive for participation 

(value approx. EUR 8). On average, participants were 24.2 years old (SD = 3.1, min = 20, max = 41) 

and right-handed (88.9%).   

Design and procedure 

We used a two-group between-subjects design (m-IAT versus m-IAT-RF). Eighty-two 

participants were assigned at random to the m-IAT condition and 80 participants to the m-IAT-RF 

condition. Age and handedness were equally distributed in both groups. However, there was a 

higher proportion of men in the m-IAT-RF group (66.3% men) than in the m-IAT group (47.6% 

men), F(1, 160) = 5.90, p = .016, η2 =.04. The sessions were held individually and divided into four 

parts. First, participants signed the legally required consent forms. The second part provided the 

cover story for the experiment. Participants were told that they participated in market research about 

two consumer products. Then, participants were exposed to two types of sweets (liquorice and 

gummy bears), asked to rate their hunger, and answered several product-related questions (see 

Materials and Measures). Once the product test was officially finished, participants were allowed to 

consume as much of both products as they wanted. The amounts eaten were unobtrusively recorded 

and used as behavioural validation criteria later on. In the third part, participants either performed 
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an m-IAT or an m-IAT-RF with the two consumer products as target categories (“gummy bears” 

and “liquorice”) and “approach” and “avoidance” as attribute categories. In the fourth part, 

participants completed a short demographic questionnaire, were fully debriefed about the actual 

purpose of the study, received their incentives and were thanked for their participation.  

Materials and measures 

Target	products		

In the second part of their experimental session (the “consumer test”, see above), participants 

received two glass bowls filled with 150g gummy bears (Gold Bears, Haribo) and 150g liquorice 

(Salty Fish, Katjes). Parallel to Kraus and Scholderer (2014), the target products were chosen from 

the same product category (sweets), were equally sized, priced, and had the same nutritional values. 

However, they differed in terms of their sensory dimensions, taste (sweet and salty vs. sweet and 

sour), appearance (black vs. colourful), and mouth feel (coated with sugar vs. smooth). Note that 

liquorice is a popular product category in Scandinavia, which is why we assumed participants to be 

equally familiar with both and, based on the sensory differences between the products, to prefer one 

over the other.  

Self‐reported	motivational	tendencies		

Before participants tasted the products, they were asked to rate their current desire (“How much 

do you want to try the gummy bears [liquorice] now”) on a 100mm visual analogue scale anchored 

by “not at all” and “extremely much” (see Finlayson, King, & Blundell, 2008 for a similar use of 

such a scale). A relative current desire score was calculated by subtracting the value for gummy 

bears from the value for liquorice. Participants were further asked to hypothetically choose between 

the two products (“If you had to choose between gummy bears and liquorice, which bowl would 
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you choose”). This choice was coded –1 for gummy bears and +1 for liquorice. Relative desire and 

choice were highly correlated, r(160) = .72, p < .001. Both measures will be used as convergent 

validation criteria later on (descriptive results in Table 1).  

Self‐reported	product	evaluations		

After tasting one piece of each product, participants evaluated their taste experience (“How 

much do you like the taste and feel of this gummy bear [liquorice] in your mouth?”) on 100mm 

visual analogue scales anchored by “not at all” and “extremely much” (see Brunstrom & Shakeshaft, 

2009; Finlayson, et al., 2008). Furthermore, participants evaluated their affect towards each product 

(“How positive/negative is your feeling towards gummy bears [liquorice]”) on 100mm visual 

analogue scales anchored by “extremely negative” and “extremely positive”. Relative taste 

evaluations and relative affective evaluations were calculated by subtracting the value for gummy 

bears from the value for liquorice. The resulting measures were highly correlated, r(160) = .81, p 

< .001. Both will be used as discriminant validation criteria later on (descriptive results in Table 1). 

Behavioural	criterion		

The predictive validation criterion was the relative amount that was consumed during an 

experimental session. The bowls in which the products were served were weighed before and after 

each experimental session. A relative behaviour measure was calculated by subtracting the quantity 

of gummy bears consumed during the session from the quantity of liquorice. Before participants 

were presented with the products, they had been asked to rate their perceived hunger (“How hungry 

do you feel right now”) on a 100mm visual analogue scale anchored by “not at all” and “extremely 

much” (further descriptive results in Table 1). The two experimental groups did not differ 

significantly from each other. 
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M‐IAT‐RF	and	m‐IAT		

To measure motivational tendencies towards the two consumer products, we used “approach” 

and “avoidance” as motivational attribute categories in the m-IAT-RF and the m-IAT. The 

categories were represented by six approach words (e.g., reach, toward; in Danish) and six 

avoidance words (e.g., escape, move away; in Danish), displayed in black colour on a white 

computer screen. The target categories “gummy bears” and “liquorice” were represented by twelve 

photographs displaying plain gummy bears or liquorice. Both tests were run in E-Prime 

Professional 2.0 (Schneider & Zuccoloto, 2007) with serial response boxes (Model 200A; 

Psychology Software Tools) as response devices.  

In the m-IAT and the m-IAT-RF, all four categories (approach, avoidance, gummy bears and 

liquorice) were combined into two categorisation tasks: in one task (combination A) “gummy bears” 

and “approach” shared one response key, and “liquorice” and “avoidance” shared the other response 

key. The second task (combination B) was the exact opposite: “gummy bears” and “avoidance” 

shared one response key, and “liquorice” with “approach” shared the other response key. Category 

labels were presented in the upper left and right corners of the screen, indicating the correct 

responses for the assigned keys. To prevent a systematic bias due to key assignment, four fully 

counterbalanced versions of each test were used and randomly assigned to participants. Together 

with the category labels, a fixation cross appeared in the middle of the screen at the beginning of 

each trial. After 500ms, the fixation cross was replaced by one of the 24 stimuli. A stimulus 

remained on the screen until the correct key was pressed. After 500ms, a new fixation cross 

appeared. Incorrect responses were followed by an error feedback (“You made a mistake”), and a 

correct response was required to continue the test. If no response was given within 3,000ms, a 

second feedback appeared (“Please respond faster”; see Karpinski & Steinman, 2006). 
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The difference between the m-IAT and the m-IAT-RF is a procedural variation of the order of 

the two categorisation tasks (combination A and combination B). In the m-IAT the task changes in 

a fixed sequence between blocks, whereas in the m-IAT-RF the task changes randomly between 

trials. Participants in the m-IAT group first practiced one category (e.g., approach vs. avoidance), 

then the other category (e.g., gummy bears vs. liquorice), and then the first combined categorisation 

task (either combination A or B). In blocks 4 and 5, the actual test data were collected for the first 

categorisation task. Then the opposite categorisation task (either combination B or A) was practiced. 

In blocks 8 and 9, the actual test data were collected for the second categorisation task. The m-IAT 

consisted of a total of 312 trials, of which 192 were used in the analysis. In the m-IAT-RF, on the 

other hand, the categorisation task (either combination A and B) changed randomly between trials. 

The first 3  24 trials were practice trials. The actual test data were collected in the next 4  48 trials. 

The m-IAT-RF consisted of a total of 264 trials of which 192 were used in the analysis.  

Data	preparation		

Following the recommendations by Greenwald and colleagues (Greenwald, et al., 1998; 2003), 

we only analysed the test trails, eliminated the first two trials of each of the four test blocks (i.e., 

leaving 184 test trials for each subject), and replaced each error latency with the individual mean 

reaction time (RT) of the specific categorisation task plus a penalty latency of 600ms. Individually 

standardized difference scores (D-scores; Greenwald, et al., 2003) were computed for the m-IAT 

and m-IAT-RF by subtracting the individual mean response latency of one categorisation task (i.e., 

combination B) from average the average response latency of the other categorisation task (i.e., 

combination A).  

Greenwald et al.’s (2003) algorithm for the D-score would standardise this difference by the 

pooled individual standard deviation of the response latencies in both categorisation tasks of the 
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respective test. However, a direct comparison of the validity coefficients of m-IAT-RF and m-IAT 

D-scores would only be meaningful if the pooled individual standard deviations contained the same 

amount of error variation in both tests. If not, the true validities would be attenuated to different 

degrees, rendering the numerical size of the validity coefficients of the two tests incomparable. 

Kraus and Scholderer (2014, Appendix A) have shown that this problem can be solved by 

disattenuating each D-score using the following correction for attenuation:  

 

 

 

where NA and NB stand for the number of trials in the two categorisation tasks A and B of the 

respective test, and for the participant-specific mean reaction times, 

 and for the participant-specific variances of the reaction times, and 

 and for the sample correlations between the 

participant-specific mean reaction times calculated from two randomly split subsets of the trials in 

tasks A and B respectively. Following this approach, we corrected the m-IAT and m-IAT-RF D-

scores for attenuation.  

Results and discussion 

General compatibility effects 

Figure 1 illustrates the mean response latencies in the two categorisation tasks in the m-IAT-RF 
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revealed a significant main effect of the categorisation task, F(1, 160) = 42.94, p < .001, η2 = .21. 

On average, participants were faster when gummy bears were combined with approach stimuli (and 

liquorice with avoidance; combination A) than when the combination was the other way around 

(combination B). Also, the overall response latencies differed significantly between the two indirect 

tests, F(1, 160) = 21.98, p < .001, η2 =.12. Generally, response latencies were shorter in the m-IAT 

than in the m-IAT-RF. The two main effects were qualified by a significant interaction, F(1, 160) = 

25.40, p < .001, η2 = .14. As expected, smaller effects and hence smaller differences between the 

two categorisation tasks were found in the m-IAT-RF, t(79) = –2.03, p = .046, d = 0.46, and larger 

effects in the m-IAT, t(81) = –6.31, p < .001, d = 1.40.  

 

Table 1. Means (standard deviations) and 95% confidence intervals for original self-report 

measures, relative measures used as validation criteria (N = 162) and D-scores from IAT-RF 

condition (n = 80) and IAT condition (n = 82; Study 1) 

Liquorice  Gummy bears  Relative measures 

M (SD)  M (SD)  M (SD) CI95% 

Consumption (in g) 25.89 (23.64)  28.84 (29.75)  –2.95 (30.06) [–7.61; 1.71] 

Current desire 50.62 (28.62)  48.63 (27.60)  1.99 (34.07) [–3.30; 7.27] 

Hypothetical choice 57.4%  42.6%  0.15 (0.99) [–0.01; 0.30] 

Taste evaluation 63.51 (26.26)  61.87 (23.44)  1.64 (34.86) [–3.77; 7.05] 

Affective evaluation 63.80 (24.03)  60.44 (22.63)  3.35 (32.01) [–1.61; 8.32] 

D-score m-IAT-RF      –0.04 (0.21) [–0.08; –0.00]

D-score m-IAT      –0.34 (0.47) [–0.44; –0.23]

Note. No a-priori group differences were detected for the five validation criteria. A gender 
difference was detected for consumption, F(1, 160) = 4.57, p = .035, η2 = .03: women consumed 
relatively more liquorice (M = 2.77, SD = 26.45) while men consumed more gummy bears (M = –
7.30, SD = 32.00). 
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As expected, the same pattern was found in the relative difference scores. The mean D-score 

differed significantly between the two tests, t(106, adjusted for unequal variances) = –5.274, p 

< .001, d = –0.82. The estimated confidence intervals of both mean D-scores were strictly negative 

(Table 1), suggesting that the participants in this particular study had on average a tendency to 

approach gummy bears and avoid liquorice.  

 

 

Figure 1. Average response latencies (and standard errors) in the two categorisation tasks of the m-
IAT-RF and m-IAT (Study 1).  

 

Convergent, discriminant and predictive validity   

To assess the convergent, discriminant and predictive validity of the m-IAT-RF and m-IAT, we 

correlated the individual D-scores from both tests with the observed and self-reported validation 

criteria. Furthermore, we assessed their incremental validity and possible mediation patterns using 

two-step linear regression models. Correlations with the validation criteria are shown in Table 2.  

550

575

600

625

650

675

700

725

750

775

800

m-IAT-RF m-IAT

R
es

p
on

se
 la

te
n

cy
 (

in
 m

s)

A: Gummy bears and approach vs. liquorice and avoidance

B: Gummy bears and avoidance vs. liquorice and approach



RESEARCH ARTICLE 2 

-92- 
 

The pattern in Table 2 suggests that both indirect measures of motivation possess a certain level 

of convergent validity with respect to self-report measures of motivation (current desire, 

hypothetical choice). The correlations between the indirect measures of motivation and self-report 

measures of evaluation (taste evaluation, affective evaluation) were weaker, suggesting acceptable 

discriminant validity. Overall, the m-IAT was higher correlated with the self-report measures than 

the m-IAT-RF. Both indirect tests were significantly correlated with actual behaviour, the m-IAT-

RF somewhat stronger, r(78) = .34, p = .002, than the m-IAT, r(80) = .24, p = .029.  

 

Table 2. Correlations between implicit measures (D-scores), convergent and discriminant 

validation criteria (relative measures based on self-report measures) and the behavioural 

validation criterion in the IAT-RF condition (n = 80) and the IAT condition (n = 82, Study 1) 

 m-IAT-RF   m-IAT  

 D-score  D-score 

Consumption  .34** .24* 
Current desire  .32** .49** 
Hypothetical choice  .34** .49** 
Taste evaluation .20 .38** 
Affective evaluation .27* .36** 

Note. * p < .05. ** p < .01.  

 

Two-step linear regression models were estimated to explore the degree to which m-IAT-RF 

and m-IAT explained independent parts of the variance of the behavioural criterion, or whether 

their effects were partially mediated by self-report measures. In Step 1, the behavioural criterion 

was regressed on the D-score (either from the m-IAT or from the m-IAT-RF). The m-IAT-RF 

explained 11.2% of the variance in the behavioural criterion, the m-IAT only 5.8%. In Step 2, the 

self-report measures were added as additional predictors to the model (desire, choice, taste 

evaluation, affective evaluation). In the model involving the m-IAT-RF, the R-square increased 
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significantly, R2 = .40, ΔR2 = .29, F(4, 74) = 8.93, p < .001. However, the standardised coefficient 

of the D-score decreased, βStep 1 = 0.34, t(79) = 3.14, p = .002; βStep 2 = 0.15, t(75) = 1.50, p = .138. 

The same was found for the model involving the m-IAT, R2 = .37, ΔR2 = .31, F(4, 76) = 9.21, p 

< .001 (βStep 1 = 0.24, t(81) = 2.22, p = .029, vs. βStep 2 = –0.03, t(77) = –0.32, p = .753), indicating 

that the effects of the indirectly measured motivational tendencies on the behavioural criterion were 

at least partially mediated by self-report measures. The effect of the m-IAT-RF was mediated by 

current desire (direct effect of current desire: β = 0.34, t(75) = 2.37, p = .020). The effect of the m-

IAT was mediated by hypothetical choice (direct effect of choice: β = 0.28, t(77) = 2.09, p = .040). 

Such mediation processes are theoretically expected: theories of self-regulation in the tradition of 

the Rubicon model (Heckhausen & Gollwitzer, 1987) as well as certain theories that take a broader 

view on social cognition (e.g., Strack & Deutsch, 2004) assume that mere motivational 

tendencies—understood as cognitive representations of incentive value, action-outcomes 

contingencies and appropriate behavioural schemata to achieve the outcomes—will only result in 

behaviour if a series of intermediary volitional processes are enacted. Commitment to a behavioural 

goal and activation of an implementation intention are two of these processes. They do not 

necessarily have to be explicit, but the mediators identified in the above analysis (current desire and 

hypothetical choice) can plausibly be understood as measures that reflect these two processes. 

Study 2 

The aim of Study 2 was to replicate and extend these findings. To further assess their 

discriminant validity, the m-IAT-RF and m-IAT are directly compared to their evaluative 

counterparts, using a within-subjects design. Previous studies that compared motivational and 

evaluative versions of the classical IAT reported moderate to high correlations between the tests 

(see above). We have argued that these correlations might be inflated due to common method 



RESEARCH ARTICLE 2 

-94- 
 

variance caused by recoding processes in the classical IAT paradigm. The IAT-RF paradigm, on the 

other hand, is designed to minimise recoding processes and should therefore lead to lower 

correlations between motivational and evaluative variants (m-IAT-RF and e-IAT-RF) than the 

classical IAT paradigm (m-IAT and e-IAT). We use the same target products in Study 2 as in Study 

1. However, the predictive validation criterion was modified to demonstrate the robustness of the 

indirect tests; instead of assessing consumption behaviour, participants were asked to spontaneously 

choose between the two products. 

Method 

Participants  

The sample consisted of 205 native Danish speakers (118 women, 87 men). All participants 

were students with different majors. They received two movie tickets as incentives for participation 

(value approx. EUR 15). Participants were on average 23.5 years old (SD = 2.7, min = 19, max = 41) 

and right-handed (91.2%).  

Design and procedure 

We combined a two-group between-subjects design (IAT-RF vs. IAT) with a within-subject 

factor (motivational vs. evaluative indirect test) and assigned 104 participants to perform two IAT-

RFs (m-IAT-RF and e-IAT-RF) and 101 respondents to take two IATs (m-IAT and e-IAT). Test 

order and version of each test (one of four fully counterbalanced test versions of each indirect 

measure) were equally distributed between subjects. The groups did not differ in terms of the 

distribution of age or handedness. However, the random assignment led to a higher proportion of 

men in the IAT group (54.5%) than in the IAT-RF group (30.8%), F(1, 203) = 12.36, p < .001, η2 

=.06.  



RESEARCH ARTICLE 2 

-95- 
 

All sessions were held individually and divided into six parts. First, participants signed the 

legally required consent forms. Then, participants completed a questionnaire with self-report 

measures of motivational tendencies towards and evaluations of the two target products. In the third 

part, participants completed the first indirect test. Afterwards, participants completed another short 

questionnaire with demographical items. In the fifth part, participants completed the second indirect 

test. In the sixth a final part, participants were first offered a behavioural choice between the two 

target products and were then fully debriefed and thanked for their participation.  

Materials and measures  

Target	products	and	behavioural	criterion		

We used the same target products as in Study 1. However, participants were not exposed to the 

actual products during the experimental session. Instead, they chose between gummy bears (150 g; 

Gold Bears, Haribo) and liquorice (150g; Salty Fish, Katjes) at the end of the experiment. To make 

the measurement unobtrusive, participants were asked to remember their four-digit participant ID 

and announce it when returning the completed questionnaires to the experimenter’s office. The 

experimenter then invited participants to take home a bag of gummy bears or liquorice. While they 

were choosing from a box of “left-over” candy bags, the experimenter casually asked participants to 

report their ID number (a similar procedure was used by Friese, Hofmann, & Wänke, 2008). 

Behavioural choice was coded –1 for gummy bears and +1 for liquorice (see descriptive results in 

Table 3).  

Self‐report	measures		

Since no products were present during the experimental session, participants reported their 

current desire (“How much do you want to try the gummy bears [liquorice] now”) and general 
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product evaluation (“How much do you like gummy bears [liquorice] in general”) on 100mm visual 

analogue scales (anchored by “not at all” and “extremely much”) while looking at 13  18 cm 

colour photographs of the unpackaged target products. Relative measures were calculated by 

subtracting the respective value for gummy bears from the value for liquorice (see descriptive 

results in Table 3). 

Indirect	measurement	procedures	and	data	preparation		

The m-IAT-RF and m-IAT were identical to Study 1. In the e-IAT-RF and the e-IAT, the labels 

of attribute categories were “positive” and “negative”, and the instances of the categories were six 

positive (e.g., love, paradise) and six negative (e.g., war, death) Danish words. The data preparation 

was the same as in Study 1.  

 

Table 3. Means (standard deviations) and 95% confidence intervals for original self-report 

measures, relative measures used as validation criteria (N = 205) and D-scores from IAT-RF 

condition (n = 104) and IAT condition (n = 101; Study 2) 

Liquorice  Gummy bears   Relative measures 

M (SD)  M (SD)  M (SD) CI95% 

Behavioural choice 63.9%  36.1%  0.28 (0.96) [0.15; 0.41] 

Current desire 56.57 (28.28)  44.46 (26.00)  12.17 (30.59) [7.89; 16.32] 

General evaluation 70.13 (25.39)  60.19 (22.70)  9.94 (32.88) [5.41; 14.47] 

D-score m-IAT-RF       –0.07 (0.21) [–0.11; –0.03]

D-score e-IAT-RF       –0.16 (0.22) [–0.20; –0.12]

D-score m-IAT       –0.31 (0.35) [–0.38; –0.24]

D-score e-IAT       –0.45 (0.43) [–0.54; –0.37]

Note. No a-priori group differences were detected for the three validation criteria. Significant 
gender differences were found for behavioural choice, F(1, 203) = 12.22, p = .001, η2 = .06, and 
general evaluation, F(1, 203) = 9.25, p = .003, η2 = .04: women chose more often and generally 
liked liquorice more (M = 15.82, SD = 32.31) than men (M = 1.97, SD = 32.14). 
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Results and discussion 

General compatibility effects and correlations between IAT-RFs and IATs  

Figure 2 shows the mean response latencies in two categorisation tasks of each indirect test. A 

2  2  2 general linear model with categorisation task (combination A vs. combination B) and 

indirect test variant (motivational vs. evaluative) as within-subject factors and test paradigm (IAT 

vs. IAT-RF) as a between-subject factor revealed a significant main effect of the categorisation task, 

F(1, 203) = 179.52, p < .001, η2 = .47. As in Study 1, participants were much faster when gummy 

bears were combined with approach (or positive) stimuli and liquorice with avoidance (or negative) 

stimuli than when the combination was turned around (combination B).  

 

 

Figure 2. Average response latencies (and standard errors) in the two categorisation tasks of the m-
IAT-RF, e-IAT-RF, m-IAT and e-IAT (Study 2).  

 

The main effect was qualified by a significant interaction between categorisation task and test 

paradigm, F(1, 203) = 48.65, p < .001, η2 = .19, and between categorisation task and indirect test 
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variant, F(1, 203) = 17.99, p < .001, η2 = .08. As expected, smaller differences between the two 

categorisation tasks were found in the m-IAT-RF, t(103) = –3.50, p = .001, d = 0.69, and e-IAT-RF, 

t(103) = –6.84, p < .001, d = 1.35, and larger differences in the m-IAT, t(100) = –8.64, p < .001, d = 

1.73, and e-IAT, t(100) = –10.72, p < .001, d = 2.14. The differences were significantly smaller in 

the motivational variants of the indirect tests (m-IAT-RF, m-IAT) than in their evaluative 

counterparts (e-IAT-RF, e-IAT). The three-way interaction was not significant, F(1, 203) = 0.80, p 

= .373, η2 = .00. 

The relative difference scores showed the same pattern (Table 3). The D-scores were 

significantly more negative in the evaluative variants compared to the motivational variants of the 

indirect tests, F(1, 203) = 22.35, p < .001, η2 = .10, and they were also significantly more negative 

in the tests based on the classical IAT paradigm compared to the IAT-RF paradigm, F(1, 203) = 

53.43, p < .001, η2 = .21. The interaction of test variant and test paradigm was not significant, F(1, 

203) = 1.07, p = .303, η2 = .01.  

As expected, there was a smaller correlation between the motivational and evaluative variants 

of IAT-RF (which is designed to minimise recoding processes) than between the motivational and 

evaluative variants of the classical IAT. Performance in the m-IAT-RF was significantly correlated 

with the performance in the e-IAT-RF, r(102) = .25, p = .012; however, it was descriptively much 

lower the correlation between m-IAT and e-IAT, r(99) = .40, p < .001. There was no a systematic 

bias due test order (motivational or evaluative test first) or between the four counterbalanced 

versions of each indirect. 

Convergent, discriminant and predictive validity   

Table 4 shows the correlations between the four D-scores and the validation criteria 

(behavioural choice, self-reported desire and self-reported evaluation). Both versions of the IAT-
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RFs outperformed the IATs and were significantly correlated with all validation criteria. The m-

IAT-RF had the highest predictive validity with respect to the behavioural choice criterion, r(102) 

= .34, p < .001, whereas the e-IAT-RF showed the highest convergent validity with respect to self-

reported evaluation, r(102) = .39, p < .001.  

The results for the m-IAT, on the other hand, were disappointing: it was not significantly 

related to any of the validation criteria. Controlling for gender differences, the partial correlation 

between the m-IAT and self-reported evaluation became significant, r(98) = .26, p = .009, whilst 

the partial correlation with desire did not, r(98) = .14, p = .152. The e-IAT was significantly 

correlated with both self-report measures (descriptively even stronger with the self-report desire 

than with self-report evaluation). The e-IAT had a marginally significant correlation with the 

behavioural choice criterion (Table 4) which did not improve when we controlled for gender, r(98) 

= .17, p = 086.  

 

Table 4. Correlations between implicit measures (D-scores), convergent and discriminant 

validation criteria (relative measures based on self-report measures) and the behavioural choice 

criterion in the IAT-RF condition (n = 104) and the IAT condition (n = 101; Study 2)  

 IAT-RF  IAT 

 m-IAT-RF e-IAT-RF  m-IAT e-IAT 

Behavioural choice .34** .29** .05 .16 
Current desire .25* .32** .09  .34** 
General evaluation .27** .39** .18  .26** 

Note. * p < .05. ** p < .01.  

 

Two-step linear regression models were estimated to explore the degree to which m-IAT-RF 

and e-IAT-RF explained independent parts of the variance in the behavioural choice criterion, or 

whether their effects were partially mediated by the self-report measures. In Step 1, only the D-
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scores from the m-IAT-RF and e-IAT-RF were entered as predictors. The standardised partial 

regression coefficients of the m-IAT-RF, βStep 1 = 0.29, t(103) = 3.09, p = .003, as well as the e-IAT-

RF, βStep 1 = 0.22, t(103) = 2.33, p = .022, were significant, indicating that they contributed 

independently to the prediction of the criterion. There was no significant change in the size of the 

relationships relative to the zero-order correlations (see Table 4), suggesting that there was no 

mediation of evaluative by motivational effects or the other way around. Together, they explained 

16.3% of the variance in the behavioural choice criterion.  

In Step 2, self-reported desire and product evaluation were added as predictors to the regression 

model. The extended model explained 46.1% of the total variance in the behavioural choice 

criterion, ΔR2 = .30, F(2, 99) = 27.38, p < .001. Both self-report measures had significant direct 

effects on the behavioural choice criterion, (desire: βStep 2 = 0.29, t(101) = 2.52, p = .013; evaluation: 

βStep 2 = 0.35, t(101) = 2.89, p = .005). As expected, the coefficients of both indirect tests decreased 

in absolute size, indicating partial mediation by the self-report measures. However, the direct effect 

of the m-IAT-RF remained significant, βStep 2 = .17, t(101) = 2.21, p = .030, whilst the direct effect 

of the e-IAT-RF became insignificant.  

The joint predictive validity of the m-IAT and e-IAT was much weaker. In Step 1, when only 

the D-scores from the m-IAT and e-IAT had been entered as predictors, the model explained no 

more than 2.7% of the variance in the behavioural choice criterion, and neither of the IATs had 

significant direct effects. When the self-reported measures were added in Step 2, the R-square 

increased significantly, ΔR2 = .16, F(2, 96) = 9.21, p < .001. Self-reported evaluation had a 

significant direct effect, βStep 2 = 0.28, t(98) = 2.56, p = .012, and self-reported desire had a 

marginally significant direct effect, βStep 2 = 0.19, t(101) = 1.72, p = .089.  

The results of Study 2 clearly favour the IAT-RF paradigm: both m-IAT-RF and e-IAT-RF 

were significantly related to all three validation criteria. As expected, the motivational m-IAT-RF 
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showed the highest predictive validity with respect to the behavioural choice criterion, predicting 

independent parts where its effects were not mediated by self-reported desire or self-reported 

evaluation. Furthermore, the correlation between the motivational and the evaluative version of the 

IAT-RF was descriptively much smaller compared to the IATs, supporting their discriminant 

validity.  

General discussion 

The aim of the studies reported here was to assess and compare the validity of two IAT 

paradigms, the classical IAT and the IAT-RF, both modified in such a way as to measure 

motivational tendencies to approach or avoid particular objects. The IAT-RF paradigm addresses a 

structural bias in the classical IAT, known as recoding (Rothermund, et al., 2009) by eliminating its 

fixed block structure. In both studies, we compared the two test paradigms in terms of their 

convergent and discriminant validity with respect to self-report measures of motivation and 

evaluation, and in terms of their predictive validity with respect to actual behaviour. In Study 2, we 

also assessed the discriminant validity of our motivational tests (“approach” and “avoidance” as 

attribute categories) with respect to their evaluative counterparts (“positive” and “negative” as 

attribute categories).  

Overall, the IAT-RF paradigm clearly outperformed the classical IAT paradigm. Of the four 

indirect tests compared in our studies, the motivational version of the IAT-RF consistently showed 

the highest predictive validity with respect to actual behaviour, followed by the evaluative version 

of the IAT-RF. Especially in Study 2, the motivational and evaluative versions of the IAT-RF also 

had convergent and discriminant validities (with respect to self-report measures of motivation and 

evaluation) that were much more consistent with the expected pattern than the motivational and 

evaluative versions of the classical IAT. These findings corroborate the initial evidence reported by 
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Rothermund and colleagues (2009), and they are in line with Kraus and Scholderer (2014), who 

found an evaluative version of the IAT-RF superior to evaluative versions of the classical IAT and 

the Single-Block-IAT.  

At first glance, the IAT-RF seems cognitively more demanding because of its randomly 

altering categorisation tasks. However, possible indicators of a more complicated structure, such as 

error-rates or the standard deviations of the relative differences between the two categorisation tasks, 

did not differ with regard to the classical IAT variants as well as across studies. Furthermore, while 

the mean response latencies were generally faster in the IATs compared to the IAT-RFs, it seemed 

that the generally larger effects (between the two categorisation tasks) in the IATs were mainly 

driven by extreme fast response latencies in one of the two categorisation tasks (i.e., combination A; 

see Figure 1 and 2). Effect sizes of task comparisons between both paradigms were larger when 

“gummy bears” was combined with “approach”, and “liquorice” with “avoidance” (see Footnote 1), 

which could indicate that recoding strategies were mainly used in this categorisation task in the IAT.  

Previous studies that compared of motivational and evaluative IATs showed somewhat 

inconsistent results and rather high correlations between such test variants. In Study 2, the 

correlation between the motivational and evaluative IAT-RFs was much smaller (r = .25) than the 

correlation between the motivational and evaluative IATs (r = .40). This suggests reduced method-

specific variance and hence reduced recoding processes in the IAT-RF, consistent with the initial 

findings about the IAT-RF reported by Rothermund et al. (2009). Taken together, and irrespective 

of whether one is interested in measuring motivation or evaluation, these finding should encourage 

researchers to consider the IAT-RF as a serious alternative to the classical IAT paradigm.  

In the studies reported here, we used two common consumer products as target categories. The 

reasons for this was that, in previous research, motivational IATs had mainly been validated in 

addiction contexts such as smoking or alcohol abuse—areas where people pursue certain behaviours 
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even though they are aware of negative outcomes. For such types behaviour, a “forbidden fruit” 

dissociation of motivational and evaluative processes, and therefore also a high discriminant 

validity of motivational and evaluative measures, is rather plausible. However, there are many types 

of behaviour where strong social norms or deprivation of physiological needs are not an issue. In 

the context of such behaviours, it would be natural that cognitive representations of the positive or 

negative incentive value of an object (= evaluation) and behavioural schemata to approach or avoid 

that object (= motivation) are activated in a congruent manner. Dissociations between motivation 

and evaluation, on the other hand, would be quite unlikely.  

For validation studies of test instruments that aim to predict behaviours that do not have 

“forbidden fruit” character, as is the case in the present research, this has the consequence that the 

discriminant validity of motivational and evaluative measures can never be perfect. The 

discriminant validity coefficients we found in Study 2 (r = .25 for the motivational versus the 

evaluative version of the IAT-RF, and a less impressive r = .40 for the motivational versus 

evaluative version of the classical IAT) should therefore not be dismissed as too high. Considering 

the limitations of what one can theoretically expect to achieve, the discriminant validity of the 

motivational and evaluative versions of the IAT-RF should indeed be regarded as excellent. 

Although it was not our aim to contribute to the debate on the nomological validity of the 

distinction between motivation and evaluation (e.g., Finlayson & Dalton, 2012; Havermans, 2011, 

2012), we hope that the existence of well-validated test instruments will be a constructive 

contribution. 

In Studies 1 and 2, we used the same target products and relied exclusively on pre-existing 

preferences towards gummy bears and liquorice. This could be seen as a limitation; however, it has 

the advantage that the results of the two studies were directly comparable. Since the target products 

only differed in terms of their sensory characteristics, we believe that this also strengthened the 
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internal validity of our studies. Still, Studies 1 and 2 relied on individual differences. Further studies 

could, for example, experimentally manipulate need states (e.g., hunger) to further examine the 

discriminant validity of the motivational and evaluative versions of the IAT-RF.  

 

Footnotes 

1. Pairwise IAT versus IAT-RF comparisons (F statistic, effect size) for motivational and 

evaluative categorisation tasks in Study 2: Combination A, m-IAT-RF versus m-IAT, F(1, 203) 

= 41.86, p < .001, η2 = .17; Combination B, m-IAT-RF versus m-IAT, F(1, 203) = 7.51, p 

= .007, η2 = .04; Combination A, e-IAT-RF versus e-IAT, F(1, 203) = 64.91, p < .001, η2 = .24; 

Combination B, e-IAT-RF versus e-IAT, F(1, 203) = 6.70, p = .010, η2 = .03. 
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Abstract 

In this study, explicit and implicit evaluations of, and motivations towards, two different foods 

(a sandwich and sweets) were measured among two groups of participants (N = 108). In the first 

part of the study, all participants just smelled the two products, then they watched a video clip 

(during which half of the participants were allowed to eat the sandwich), and then they all 

performed two indirect measures. Explicit measures were collected after the participants had 

smelled the foods, just after the video clip (and consumption of the sandwich for half of the 

participants), and finally again, at the end of the experiment. The explicit measures were: hunger, 

desire to eat the foods, and general liking towards the foods, all rated on scales. The indirect 

measurement procedures were two computer-based Recoding-Free Implicit Association Tests (an 

evaluative and a motivational variant) which were conducted with the same food stimuli. The 

results show that the indirect motivational measurement procedure successfully assessed approach 

tendencies towards the sandwich in the hunger group, and approach tendencies towards the sweets 

in the group that just had eaten a sandwich. The evaluative version of the Recoding-Free Implicit 

Association Tests successfully assessed general positive associations towards the two products in 

both groups. 

 

Keywords: 

Motivation; Wanting; Implicit measures; Recoding Free Implicit Association Test; IAT-RF; Hunger  
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Introduction 

Very recently, the topic of implicit and explicit processes of food reward and their involvement 

in the regulation of eating behaviour has gained more and more interest among researchers (e.g., 

Epstein, Truesdale, Wojcik, Paluch, & Raynor, 2003; Finlayson, King, & Blundell, 2007, 2008; 

Havermans, Janssen, Giesen, Roefs, & Jansen, 2009; Kildegaard, Tønning, & Thybo, 2011). On the 

one hand, this movement could have been inspired by a general, increased awareness of 

unconscious processes (e.g., Nisbett & Wilson, 1977; Wilson, 2002) and specifically, by dual 

process theories in the field of social cognition (e.g., Fazio, 1990; Gawronski & Bodenhausen, 2006; 

Strack & Deutsch, 2004; for a review, see Gawronski & Creighton, 2013). The common assumption 

of these theories is that two mental processes (e.g., controlled vs. automatic, explicit vs. implicit, 

reflective vs. impulsive) guide behaviour and judgment. On the other hand, neurobiological models, 

such as the incentive salience theory (Berridge, 2009; Berridge & Robinson, 1998, 2003), might 

have also contributed to the expansion of the interest in different processes within food reward. 

It is an established fact that people generally eat more of better-liked foods when offered ad libitum, 

and that the experience or anticipation of highly liked food can stimulate its consumption even 

when there is no energy deficit or perceived state of hunger (Sørensen, Møller, Flint, Martens, & 

Raben, 2003). The rather counterintuitive idea that it is sometimes possible to want foods that are 

neither particularly liked nor even expected to be liked has inspired many scholars to develop 

various measurement procedures to disentangle the components of food reward in humans. 

According to Berridge (2009), the incentive salience ‘wanting’ can be triggered even without an 

individual’s conscious awareness. This concept is therefore different from the ordinary 

understanding of the word wanting, which could be defined as a subjective conscious feeling that 

implies cognition and that involves an explicit goal. On the other hand, hedonic ‘liking’ by itself is 
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Table 1. Summary of indirect measurement procedures used (or that could be relevant) to assess food-related motivational tendencies and 

wanting. 

Measurement  Description  Dependent 
variable 

Application examples in food context 

Measurement procedures based on effort to obtain a reward 
Progressive Ratio tasks  
(Concurrent schedules 
task) 

Participants increasingly exert effort (e.g., pressing a key, 
moving a joystick) throughout the task and earn points for their 
work, which often can be traded in for rewards (e.g., snack 
products).  

Effort (& 
choice of 
reward) 

Epstein (2003); Havermans et al. (2009); Giesen, 
Havermans, Nederkoorn, Strafaci, & Jansen (2009); 
Giesen, Havermans, Douven, Tekelenburg, & Jansen 
(2010) 

Key-press task Participants exert effort (tap rapidly on a key) in order to 
increase (or decrease) the presentation time of a rewarding 
stimulus on a computer screen.  

Viewing 
duration 

Not food: Dai et al. (2010); Aharon et al. (2001) 

Memory task  Participants play several memory games and match pairs of 
images displaying different items. A better performance 
increases the variety of rewards offered at the end.  

Selected 
items 

Lemmens et al. (2009)  

Measurement procedures based on approach-avoidance tendencies 
Manikin task  
(Stimulus-response 
compatibility task) 

Participants move a manikin towards or away from objects on a 
computer screen. Responses are either compatible or 
incompatible with behavioural tendencies to approach or avoid 
a stimulus.  

Reaction time Veenstra & de Jong (2010); Brignell, Griffiths, Bradley, 
& Mogg (2009) 
Not food: Mogg, Bradley, Field, & De Houwer (2003); 
Rinck & Becker (2007) 

Approach-Avoidance 
paradigm (AAP) 

Participants move a joystick towards or away from the self in 
order to move objects on a computer screen. Responses are 
either compatible or incompatible with behavioural tendencies 
to approach or avoid a stimulus. 

Reaction time Fishbach & Shah (2006); Piqueras-Fiszman, Kraus, & 
Spence (in press); Seibt et al. (2007)  

Postural sway Participants on a balance boards are shown stimuli. Body 
positions are constantly measured.  

Postural 
sways  

Brunyé et al. (2013) 

Measurement procedures based on implicit associations 
Implicit Association Test 
(IAT) 
 

Participants categorize four kinds of stimuli (two attribute and 
two target concepts) in two categorisation tasks. Compatible 
and incompatible responses are compared. Motivational 

Reaction time Motivational attributes: Palfai & Ostafin (2003); Ostafin 
& Palfai (2006); Tibboel et al. (2011) 
Evaluative attributes: Friese et al. (2008); Hofmann et al. 
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concepts, such as approach-avoidance, can be used as attribute 
category.  

(2007); Karpinski & Hilton (2001)  
 

Single-Category IAT Modification of an IAT with only one target and two attribute 
categories. Therefore, absolute and not relative association 
strength is measured with behavioural concepts such as “I 
want/I don’t want” as attribute category. 

Reaction time Türk Pereira (2010) 
Evaluative attributes: Hofmann et al. (2007); Hofmann & 
Friese (2008) 
 

EAST Participants categorize attribute stimuli (represented in the same 
colour) according to their valence and target stimuli 
(represented in two different colours) based on their colour. 

Reaction time Seibt et al. (2007); Hoefling & Strack (2008); Papies, 
Barsalou, & Custers (2012) 

Affective-Priming 
paradigm (APP) 

Participants are primed with a stimulus (representing the 
concept of interest) which is followed by an attribute stimulus 
that must be categorized. Congruent and incongruent prime-
attribute pairs are compared.  

Reaction time Papies et al. (2009) 

Measurement procedures based on hedonically motivated attentional bias 
Attentional blink task 
(AB) 

Participants are presented with rapid serial streams of stimuli 
where they have to report two visual outstanding stimuli at the 
end of each trial. Correct identification depends on the 
presentation lag and the saliency of targets.  

Correct 
responses at 
different lags 

Not food: Tibboel et al. (2011); Tibboel, De Houwer & 
Field (2010); Liu, Li, Sun, & Ma, (2008) 

Visual probe task (dot 
probe task) 

Participants are presented with a stimuli pair (neutral and target) 
which is replaced with one probe (an arrow) at the same 
position of one of the stimuli before. They have to indicate 
whether an arrow pointed upwards or downwards and thus the 
allocated attention between two competing stimuli is assessed. 

Reaction time Papies, Stroebe, & Aarts (2008); Veenstra, de Jong, 
Koster, Roefs (2010); Nijs, Muris, Euser, & Franken 
(2010); Brignell et al. (2009); Johansson, Ghaderi, & 
Andersson (2004) 
Not food: Bradley, Mogg, Wright, & Field (2003) 

Probe recognition task Participants are presented with a sentence (neutral or hedonic) 
which is followed by a probe word (neutral and hedonic). 
Participants have to indicate if the word was included in the 
sentence. If the hedonic sentence activated hedonically oriented 
motivations then the response to a hedonic probe is faster.  

Reaction time Papies, Stroebe & Aarts (2007) 
 
 

Measurement procedures based on choices 
Relative preference test Respondents are presented with two stimuli and asked to 

quickly choose the item they most want to eat at that moment. 
Reaction time 
(& choice) 

Finlayson et al. (2007, 2008); Ouwehand & Papies (2010) 

Note. Measurement procedures based on eating behaviour (intake) are not included in this table.  
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simply a triggered affective state, where there is no need for an object of desire or incentive target 

and no motivation for further reward. 

While most researchers agree on how to measure explicit wanting and liking directly, for 

instance, by using rating scales, such a clear agreement on how to collect the implicit concepts 

indirectly, and how to validate them, has not been yet established (Tibboel, et al., 2011). Table 1 

provides a summary of measurement procedures that have been considered relevant in the food 

research domain and aim to indirectly assess motivational tendencies and wanting. This summary 

table is quite diverse, a fact that is part of an ongoing debate that mostly focuses on the correctness 

of the procedures and their general usefulness for measuring and especially dissociating wanting 

and liking processes directly and indirectly (see Finlayson & Dalton, 2012; and Havermans, 2011; 

2012).  

At the outset, we would like to clarify the terms implicit and indirect (vs. explicit and direct) as 

often they are used interchangeably. In this paper, we will follow De Houwer and colleagues’ 

normative analysis (De Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009) where implicit (vs. 

explicit) refers to features of the psychological construct and translates to the measurement outcome 

(e.g., a score), and the term indirect (vs. direct) describes the characteristics of the specific 

measurement procedure and therefore refers to the means of measurement.  

Indirect measurement procedures to assess food-related motivational tendencies and wanting 

One approach, which is followed by several researchers, was developed by Epstein and 

colleagues. Saelens and Epstein (1996) used a test of relative reinforcement value of food and non-

food rewards with equivalent perceived hedonic value based on subjects’ willingness to “work” for 

the rewards in computer tasks. The results showed that the food reward had much greater 

reinforcement value for obese versus lean women. Epstein and colleagues (2003) continued this line 
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of research with a behavioural test in which participants had to work for points that could be traded 

for corresponding amounts of snack food. It was shown that deprived participants were more 

motivated (worked longer) to obtain their snack while their liking ratings for a range of foods did 

not vary as a function of food deprivation. Epstein and colleagues interpreted this finding as 

dissociation between hedonic preferences and the reinforcing value of food. 

Finlayson and colleagues (e.g., Finlayson, Arlotti, Dalton, King, & Blundell, 2011; Finlayson, 

et al., 2007, 2008) examined the significance of dual liking and wanting components of food reward 

for appetite control with subjects in hunger and satiated states. They developed a computer-based 

procedure that, according to the authors, allowed the separate and concurrent assessments of 

explicit and implicit liking and wanting for the same target stimuli while preventing cross-

contamination of the measurement procedures. In their studies, explicit wanting and liking were 

directly assessed with rating scales. Regarding what the authors referred to as ‘implicit wanting’, it 

was measured by a behavioural forced-choice method, in which two food stimuli from different 

categories were presented together and the subjects were asked to select the food they “most want to 

eat now”. This ‘implicit wanting’ was operationalized as the time taken in each trial to choose 

between each pair of foods “in line with other laboratories successful use of reaction time as an 

indicator of implicit processes (for example, the Implicit Association Test; Greenwald, McGhee, & 

Schwartz, 1998)” (Finlayson, et al., 2008, p. 121). Although this approach most likely measures the 

strength of a wanting-related process, in agreement with Havermans (2012) and according to De 

Houwer et al.’s (2009) normative analysis, this measurement procedure could neither be exactly 

defined as being indirect nor could its measurement outcome (i.e., response latencies of food 

choices) be referred to as implicit. According to De Houwer and Moors (2010), an indirect 

measurement procedure should not require a person to self-assess the to-be-measured attribute. By 

asking participants to choose the food item that they most wanted to eat at that moment, the to-be-
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measured attribute (i.e., ‘implicit wanting’) was based on self-assessment, even though the 

measurement outcome was the speed of the choice. In addition, one can define a measurement 

outcome as an implicit measure if produced by the psychological attribute it was designed to 

measure, and if the processes, responsible for causing variations in the outcome, are of an automatic 

nature (De Houwer, et al., 2009). 

In sum, from Table 1 and the literature examples reviewed here, it seems difficult to find a 

consistent understanding of food-related motivational tendencies and wanting, how their possibly 

implicit and explicit processes are demonstrated in real eating behaviours, and which measurement 

procedures could be deemed appropriate. 

Indirect measurement procedures to assess food-related attitudes and liking 

In contrast to the wanting measures, less variability exists for measuring liking components 

indirectly. Liking and disliking can be measured through facial affective expressions (e.g., Hoefling 

et al., 2009; Zinkernagel, Hofmann, Dislich, Gschwendner, & Schmitt, 2011) or with unconscious 

liking reactions such as implicit attitudes or implicit evaluations. Note that the terms attitude and 

evaluation often are used interchangeably since it is almost impossible to draw a line between these 

cognitive concepts (see also Ferguson & Bargh, 2008). Following Fazio and colleagues’ definition 

(e.g., Fazio, 1990; Fazio, Chen, McDonel, & Sherman, 1982), an attitude is an associative 

connection in memory between a specific attitude object and its summary evaluation. The term 

evaluation refers to the assessed and perceived valence of any given stimulus and thus describes 

people’s likes or dislikes for something (Tesser & Martin, 1996).  

Implicit attitudes toward food have so far been assessed using procedures borrowed from 

implicit social cognition (for a review, see Nosek, Hawkins, & Frazier, 2011); particularly the 

Implicit Association Test (IAT; Greenwald, et al., 1998) has become a common procedure in this 
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line of research (for a review that includes a section on eating behaviour, see Roefs et al., 2011). For 

instance, Seibt, Häfner, and Deutsch (2007; Experiments 1 and 2) manipulated the hunger of their 

participants and by means of an IAT measured that food deprivation led to a more positive 

immediate valence of food words. It has been suggested that the evaluative version of the IAT 

measures a liking-related process (Tibboel, et al., 2011). The IAT is a computer-based, response 

interference task where participants respond as quickly and accurately as possible to two types of 

target stimuli (e.g., high-fat foods vs. low-fat foods) and two types of attribute stimuli (e.g., positive 

vs. negative). As the measurement outcome, response latencies are assessed when stimuli appear on 

the computer screen and participants categorize them according to four possible concepts with two 

assigned response keys. For instance, in one categorization task, high-fat and positive stimuli are 

assigned to one response key while low-fat and negative stimuli are assigned to another, whereas a 

second categorization task represents the opposite combination; and so blocks of these 

categorisation tasks are presented in a counterbalanced order. Reaction times are assumed to be 

faster and/or false responses fewer when the concepts are combined congruently in the mind of the 

subject. The IAT effect – the relative difference between the average response latencies for each 

categorization task (e.g., the standardized D-score, see Greenwald, Nosek, & Banaji, 2003) – is 

typically referred as an index for implicit association. The IAT thereby relates to the common idea 

of attitudes (e.g., Fazio, 1990; Fazio, et al., 1982).  

Indirectly measuring attitudes and motivations with variants of the same procedure 

In order to infer that diverging results of wanting and liking measures are caused by the 

underlying constructs and not by differences of the measurements used, the application of 

structurally similar indirect methodologies has been recommended (Tibboel, et al., 2011). For 

instance, the IAT has been modified to capture motivational tendencies by exchanging its evaluative 
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attributes with  “approach” versus “avoid” or “I want” versus “I don’t want” (e.g., Tibboel, et al., 

2011; Türk Pereira, 2010). Until today, these motivational IAT variants have mainly been applied in 

the context of addiction and substance use (e.g., smoking, alcohol consumption; De Houwer, 

Custers, & De Clercq, 2006; Ostafin & Palfai, 2006; Palfai & Ostafin, 2003). Similarly to the idea 

that an evaluative positive–negative IAT assesses liking components, it has been argued that, for 

instance, the motivational approach–avoidance IAT constitutes an indirect wanting measure 

(Tibboel, et al., 2011). 

Studies that have compared such modified, motivational IATs with standard evaluative IATs 

have reported diverging results. That is, some studies have shown that both types of measures were 

dissociating (e.g., Wiers, Van Woerden, Smulders, & De Jong, 2002) and were therefore thought to 

capture different processes. Others have shown low discriminant validity (e.g., Tibboel, et al., 2011), 

a result that raised doubt about the previous conclusion. Kraus and Scholderer (2014) have argued 

that this pattern of results could have been brought forward by a methodological problem of the IAT 

known as recoding (Rothermund, Teige-Mocigemba, Gast, & Wentura, 2009; Teige-Mocigemba, 

Klauer, & Rothermund, 2008). Recoding stands for spontaneous or strategic simplifications in one 

of the two categorization tasks in an IAT, which are facilitated by the fixed block structure and 

order of each task. To avoid this structural problem, Rothermund and colleagues (2009) proposed 

an IAT variant that aimed to assess recoding-free associations (IAT-RF) by merging all 

categorisation pairings into a single randomised block. Not only an evaluative version of this IAT-

RF (e-IAT-RF) was found superior to a standard IAT in terms of its convergent, discriminant and 

predictive validity  but also a modified, motivational variant (m-IAT-RF) revealed promising results 

(Kraus & Scholderer, 2014). In fact, the m-IAT-RF was slightly higher correlated with a 

behavioural choice than the e-IAT-RF and predicted independent parts of the criterion variance next 

to direct measures. However, Kraus and Scholderer followed a correlational approach in both of 
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their studies, and so validity examinations at the group level with an experimental approach are still 

lacking. 

The present research 

The present research contributes to the reviewed body of literature by developing and applying 

two measurement procedures that: (1) aim to assess wanting and liking-related concepts of foods 

indirectly, (2) address relevant critique of earlier measures, (3) are structurally similar, and (4) can 

be used in a non-addiction context involving subjects who have no eating disorders. In order to 

achieve these objectives, we applied a motivational and evaluative variant of the IAT-RF (m-IAT-

RF and e-IAT-RF respectively), which are two promising and recently-developed experimental 

procedures that assess recoding-free motivational tendencies and evaluative associations toward 

food. The two procedures were structurally similar but differed in their attribute category 

(approach–avoidance, and positive–negative respectively). Furthermore, the two indirect procedures 

were tested and evaluated by comparing their results to explicit desire (subjective feelings of intent 

or wanting; Mela, 2001, 2006) and explicit liking (subjective feelings of orosensory pleasure, 

although not time specific). The latter were measured directly at several stages during the course of 

the study. However, achieving dissociations between the self-reported and the indirectly assessed 

measures was beyond the scope of this research. 

In order to test a dissociation between motivational and evaluative responses, an experimental 

manipulation that creates conditions for the same stimulus to be wanted but not liked as well as not 

wanted but liked, must be found. However, in a non-addiction context, and involving “normal” 

eaters, such a full dissociation seems almost impossible (Havermans, 2011). We therefore focused 

on the motivational measures choosing an experimental manipulation that created opposed 

predictions for two experimental groups. In particular we experimentally manipulated our 
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participants’ hunger by presenting two real foods (a sandwich and sweets) and allowing half of our 

participants to eat only the sandwich (no-hunger group) while the other half was not allowed to 

consume any of the food items (hunger group). With this procedure, we hypothesised that the 

explicit desire and the m-IAT-RF would detect stronger motivational approach tendencies towards 

the sandwich product in the hunger group. In contrast, stronger explicit desire and implicit 

motivational approach tendencies towards the sweets were hypothesised in the no-hunger group 

since they would have just eaten the sandwich. The latter hypothesis was based on the idea that 

eating the sandwich could induce boredom (Zandstra, Weegels, Van Spronsen, & Klerk, 2004) or 

habituation (e.g., Epstein, Rodefer, Wisniewski, & Caggiula, 1992) in the no-hunger group, 

possibly leading them to prefer to continue eating another available food. Furthermore, to be able to 

make clear predictions and to avoid a strong interference between the liking and the wanting related 

responses, we used two food products that were very popular among the target population and 

consequently hypothesised to find no differences in the explicit liking nor in the results of the e-

IAT-RF for either food product, nor between the two experimental groups.  

Finally, by applying recently developed indirect measurement procedures that measure 

motivational (i.e., approach–avoidance) and evaluative (i.e., positive–negative) implicit associations 

toward food items, we try to bridge two research fields – behavioural nutrition and implicit social 

cognition.  

Materials and methods 

Participants 

A total of 108 native Danish speaking students (68 women, 40 men) from Aarhus University 

volunteered for this experiment. Participants were on average 22.9 years old (SD = 2.9, min = 19, 

max = 37) and had a mean BMI of 22.6 kg/m2 (SD = 2.8, min = 17.2, max = 36.1). In the sample, 
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1.9% were classified with underweight, 77.8% normal weight, 18.5% overweight, and 1.9% as 

obese. Participants were recruited through a university-related webpage where they signed up for a 

45-minute session at a specific day and time. All participants were required to be non-vegetarian 

and to not have eaten for four hours prior to the experimental session. They received two movie 

tickets (value approx. EUR 15) for their participation. 

Materials 

Figure 1a shows the two food products. We chose a 300g chicken and bacon sandwich (450 

kcal), which was the bestselling sandwich from the university canteen at that time as well as a 100g 

bag of mixed wine gum and liquorice (Matador Mix), which is the flagship product of Haribo in 

Denmark. All participants had access to a cup of water. 

 

 

Figure 1. A) Illustration of the food products used. B) Outline of the procedure and order of the 
various tasks in the experiment. Numbered steps mean that the subjects performed them 
sequentially; steps with dots mean that they performed one or the other. 
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Design and procedure 

The study design was based on the between-subject factor need state (hungry vs. not hungry), 

and the within-subject factor IAT-RF task (m-IAT-RF vs. e-IAT-RF). Thus, 53 participants were 

randomly assigned to the hunger condition and 55 to the no-hunger condition. Although this 

allocation was random, care was taken so that both groups showed a balanced distribution for 

gender, age, and BMI, F(1, 106) = 1.80, p = .182; F(1, 106)  = 0.02, p = .894; F(1, 106) = 1.88, p 

= .174, respectively. The two groups performed the two types of indirect tests (m-IAT-RF and e-

IAT-RF) one after the other in a counterbalanced order (they were allowed to take a short break in 

between). The study was conducted during six days from 10:30 a.m. to 3:30 p.m. 

Figure 1b illustrates the overall procedure. The experiment consisted of two parts covered as 

two separate experiments, and so all participants were assigned to two different working stations 

(separated desks fitted with a computer) after they had given their consent in written form. At the 

first working station, participants were told that the experiment aimed at testing influence of food 

exposure on their evaluation of a video clip. All had the sandwich and the bag of sweets (see Figure 

1a) placed on the table in front of them and were asked to rate their current hunger, then to open / 

unwrap both products and take a deep smell one at a time, to rate their desire to eat them, and 

finally to indicate how much they generally liked the two food products (see Measures section). 

After these evaluations, the participants were shown a neutral, ten-minute video clip on their 

computer screens. Those in the hunger condition were told that the aim of the study was to explore 

“how the presence of food affects perception and memory” and were not allowed to eat at any time. 

The participants in the no-hunger condition were told that the study aimed at knowing “how 

chewing motions affect perception and memory” and were allowed to eat the sandwich, but not the 

sweets, during the video presentation (all of the participants finished the sandwich). This instruction, 

and consequently their intake, was the only difference between the two groups throughout the entire 
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experiment. When the video-clip was over, the participants were asked some questions about the 

video, and to re-assess their hunger state, their current desire to eat the products, as well as their 

general liking for them (see Measures section). 

For the second part, participants were instructed to move to the second working station and to 

take with them the food items (or only the sweets). This part was covered as a test of two new 

computer programs which would enable us to know “how the presence of food affects reactions”. 

The participants had to complete the m-IAT-RF and the e-IAT-RF and none of them was allowed to 

eat. The test order of the m-IAT-RF and the e-IAT-RF was counterbalanced across participants. 

This second part finished with an online questionnaire (which included a third assessment of their 

current hunger, their desire to eat the food products, their general liking towards the two products, 

and some demographical items). Finally, they were debriefed, thanked, and allowed to take their 

left-over products with them.  

Measures 

Self-reported measures  

As described above, hunger, desire to eat, and liking measures were taken three times, once 

before the intake intervention, a second time just after the intake intervention, and a third time after 

the IAT-RF stage (Figure 1b). The participants were asked to rate these items for both products on 

100 mm visual analogue scales (VAS), which were anchored by “not at all” and “extremely much”, 

and headed by “Please indicate how hungry you feel right now”, “How much do you want to eat a 

sandwich/sweets right now?”, and “How much do you like such a sandwich/sweets in general?” 

respectively. 

The two measures of desire that were implemented after the video-clip (in which they were, or 

not, allowed to eat) were highly correlated (Cronbach’s α = .90) and therefore were merged into one 
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post-manipulation desire measure. The three liking measures were highly related (unsurprisingly, 

since the liking was assessed in a general way; that is, not time specific). However, analogously to 

desire, the two measures that were assessed after the experimental manipulation (Cronbach’s α 

= .94) were merged into one post-manipulation measure to facilitate a comparison. 

Indirect measurement procedures (m-IAT-RF and e-IAT-RF)  

To indirectly tap into motivational tendencies towards the two types of foods, we used 

approach and avoidance as motivational attribute categories of the m-IAT-RF. The two concepts 

were either represented by six approach words (e.g., reach, toward) or six avoidance words (e.g., 

escape, move away) in Danish, which were displayed in black colour on a white computer screen. 

The target products, sandwich and sweets, were each represented by six different photographs taken 

in standard conditions (equal lighting, background, white plate, and viewing angle), displaying 

individually either the same unpacked sandwich, or the sweets provided to participants during the 

study (all similar to those shown in Figure 1a). 

In the m-IAT-RF, all four concepts (approach, avoidance, sandwich, and sweets) were 

combined in two different categorization tasks: In one task, sandwich stimuli and approach words 

were categorized by pressing one key (e.g., “1” with the left index finger) and sweets stimuli and 

avoidance words with another key (e.g., “5” with the right index finger), whereas in the second 

categorization tasks, sandwich and avoidance stimuli would be categorized with the same key (e.g., 

“1”) and sweets and approach stimuli with the other (e.g., “5”). Category labels of the four concepts 

were presented in the upper left and right corners of the computer screen and so indicated the 

required key responses. However, to prevent systematic bias due to the key assignments, four fully 

counterbalanced test versions were developed for each indirect test and randomly assigned to 

participants. Together with the category labels, a fixation cross was shown for 500 ms in the middle 
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of the screen and then replaced by one of the 12 stimuli. Each stimulus remained on the screen until 

a key was pressed. A correct response was followed by a new fixation cross whereas an incorrect 

response was followed by an error feedback (“You made a mistake.”); to continue the correct 

response was required. A second feedback was given if a subject failed to respond within a period 

of 3,000 ms. According to Karpinski and Steinman (2006) this should speed up performance and 

decrease the probability of controlled processing. The m-IAT-RF switched the categorization tasks 

randomly between trials. Therefore, in the first 3  24 trials participants learned to discriminate 

between the stimuli and practiced switching between tasks, and the actual test data was collected 

within the next 192 trials (4  48 trials). 

The e-IAT-RF was identical to the m-IAT-RF. However, to measure evaluative associations 

towards the products, the stimuli words were labelled positive or negative and were represented 

through six positive (e.g., love, paradise) and six negative (e.g., war, death) words in Danish. 

The two indirect measurement procedures were run in E-Prime Professional 2.0 (Schneider & 

Zuccoloto, 2007) and the external device to categorize the stimuli was a serial response box (Model 

200A; Psychology Software Tools). 

Data preparation  

According to recommendations by Greenwald and colleagues (Greenwald, et al., 1998; 

Greenwald, et al., 2003), we eliminated the first two trials of each of the four test blocks (i.e., 

leaving 184 test trials per subject), replaced each error latency with the individual mean of the 

specific test task and added a penalty latency of 600 ms. To compare the performance of the indirect 

tests, individually standardized difference scores (Greenwald, et al., 2003) were computed by 

subtracting the individual mean response latency from one categorization task (A: “sweets & 

approach” and “sandwich & avoidance”) from the average response latency of the opposite task (B: 
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“sweets & avoidance” and “sandwich & approach”). Each computed difference was then divided by 

an individually pooled standard deviation.  

Results 

Manipulation check  

Table 2 presents the descriptive results for all measures separately for the two experimental 

groups. According to the one-way ANOVA test results for the hunger measures, the experimental 

manipulation was successful: Both groups were similarly hungry at the beginning of the experiment 

(pre-hunger). After half of the participants had eaten their sandwich, a significant difference in their 

hunger ratings (post-hunger) was revealed: Not only was the group that ate a sandwich significantly 

less hungry than before the intake, t(52) = 7.15, p < .001, d = 1.98, but also the other group rated 

their hunger significantly higher than before, t(54) = –4.82, p < .001, d = 1.31. The gap between the 

two groups increased until the end of the experiment (final-hunger); the gap was mostly driven by a 

significant increase of hunger in the hunger group, t(54) = –5.20, p < .001, d = 1.42. 

Explicit desire and liking 

The desire to eat a sandwich was significantly different in the two groups at the beginning of 

the experiment (pre-desire sandwich, Table 2). However, in spite of this initial difference, the 

manipulation was successful because after participants in the no-hunger group had eaten the 

sandwich, their desire rating for a sandwich significantly decreased, t(52) = 10.97, p < .001, d = 

3.04, while those of the hunger group significantly increased, t(54) = –3.29, p = .002, d = 0.89. 

Therefore, the two groups differed in their desire to eat sandwiches after the manipulation (post-

desire sandwich, Table 2). In contrast, the desire to eat the sweets was stable over time and did not 
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differ between the two groups neither at the beginning nor at the end of the experiment (pre and 

post-desire sweets, Table 2). 

The general liking for sandwiches was similar between the two experimental groups before and 

after the manipulation (pre and post-liking sandwich, Table 2) even though the hunger group’s 

liking scores significantly increased over time, t(54) = –2.74, p = .008, d = 0.75. The general liking 

of sweets was almost equal between the two groups (pre and post-liking sweets, Table 2) and did 

not vary within the groups over time. These results were somewhat expected since the liking 

question was not time specific, and two popular food products were used in the experiment. 

 

Table 2. Mean values (and standard deviation, SD) for the absolute measures (on a 100-mm VAS), 

as well as one-way ANOVA test results (F, p-value) to test for differences of both experimental 

groups (N = 108). 

 Hunger No-hunger Group difference 
Absolute measures M (SD) M (SD) F p 
Pre-hunger  62.15 (19.55)A 68.60 (17.63)A 3.24 .075 
Post-hunger  73.16 (16.89)B 45.53 (23.71)B 48.96 .000 
Final-hunger  82.58 (19.27)C 42.79 (26.58)B 79.76 .000 
Pre-desire sandwich 70.07 (21.50)a 80.87 (18.98)a 7.63 .007 
 sweets 59.64 (28.61) 66.26 (28.21) 1.47 .228 
Post-desire sandwich 76.32 (18.08)b 41.16 (25.36)b 69.22 .000 
 sweets 61.83 (27.69) 59.37 (23.55) 0.25 .621 
Pre-liking sandwich 71.89 (21.68)a 71.81 (21.38) 0.00 .985 
 sweets 67.58 (25.52) 71.53 (20.51) 0.78 .379 
Post-liking sandwich 76.05 (20.13)b 70.92 (23.25) 0.78 .222 
 sweets 69.42 (24.69) 70.77 (23.84) 1.51 .772 

Note. Pre- = before the manipulation; Post- = after the manipulation. A significant gender difference 
was revealed for the final hunger, F(1, 106) = 4.15, p = .044: females rated to be hungrier (M = 
67.57, SD = 30.14) than males (M = 55.38, SD = 29.28).  

Superscript letters in columns and within measure categories indicate a significant difference (at p < 
.05) according to pairwise comparisons. 
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Implicit motivational tendencies and evaluations 

In Figure 2, averaged reaction time differences between both categorization tasks in the m-IAT-

RF and the e-IAT-RF are separately presented for the two experimental groups. A 2  2  2 general 

linear model that was defined with categorization task (A: “sweets & approach” and “sandwich & 

avoidance” vs. B: “sweets & avoidance” and “sandwich & approach”) and IAT-RF task (m-IAT-RF 

vs. e-IAT-RF) as repeated measures, and need state (hungry vs. not hungry) as a between-subject 

factor, revealed the expected result: a significant three-way interaction, F(1, 106) = 4.93, p = .029, 

η2 = 0.04. Pairwise comparisons indicated faster reaction times for the hunger group, t(54) = 2.07, p 

= .043, d = 0.56, when in the m-IAT-RF the sandwich and the approach stimuli (and the sweets and 

the avoidance stimuli) were categorized together (pairing B) compared to when the sandwich and 

the avoidance stimuli, and the sweets and the approach stimuli were categorized together (pairing 

A). In contrast, participants who had eaten a sandwich were significantly faster at categorizing 

pairing A compared to pairing B, t(52) = –2.78, p = .008, d = 0.77. These findings suggest that the 

m-IAT-RF was able to tap into motivational tendencies and indirectly identified relative approach 

tendencies for the sandwich in the hunger group, and for the sweets in the group that had eaten the 

sandwich. 

Finally, pairwise comparisons within the e-IAT-RFs revealed no significant differences of the 

two categorization tasks – neither in the hunger group, t(54) = –0.30, p = .769, d = 0.08, nor in the 

no-hunger group, t(52) = –1.39, p = .171, d = 0.39, which suggests no clear stronger positive 

associations towards one product over the other, as it was expected and found also for the explicit 

liking measures. 
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Figure 2. Average reaction times (and standard errors) for both categorization tasks in the m-IAT-
RF and e-IAT-RF, separated for experimental groups. 

Lower case letters within groups and measures indicate a significant difference (at p < .05) 
according to pairwise comparisons. 

 

Relations of indirectly measured motivational and evaluative tendencies 

The individually standardized difference scores (see Data preparation section) of the m-IAT-RF 

and of the e-IAT-RF were significantly correlated in the hunger group, r(53) = .37, p = .006. 

However, in the no-hunger group these two measures were not significantly correlated, r(51) = .13, 

p = .372, which suggests that this latter group presented more individual differences. 

Discussion 

The aim of the present research was to test and evaluate a potentially useful method to 

investigate wanting and liking-related components indirectly by assessing implicit motivational 

approach–avoidance tendencies and implicit evaluative associations toward two food products (a 

sandwich and sweets) in a non-addiction context involving normal eaters. Therefore, two promising, 

structurally similar, indirect procedures (m-IAT-RF and e-IAT-RF respectively) were applied, and 
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results were compared to direct measures of desire and liking. Importantly, changes in the 

motivational measures (m-IAT-RF and explicit desire) were investigated through an experimental 

manipulation of allowing half of the participants to eat the sandwich and not the sweets. To the best 

of our knowledge, this is the first study that explores indirectly measured approach–avoidance 

tendencies and evaluative associations while manipulating hunger for one of them. 

As expected, relative approach tendencies towards sandwiches (and avoidance tendencies 

towards sweets) were detected in the hunger group (i.e., significantly faster responses in the m-IAT-

RF when “sweets & avoidance” and “sandwich & approach” were categorized together, as 

compared to the opposite pairing), while relative approach tendencies towards sweets (and 

avoidance tendencies towards sandwiches) were observed in the no-hunger group (i.e., significantly 

faster responses in the e-IAT-RF when “sweets & approach” and “sandwich & avoidance” were 

categorized together, as compared to the opposite pairing). These findings are in line with the 

explicit desire ratings and the reported hunger; this suggests that the m-IAT-RF operationalised 

wanting for either one of the products among these normal eaters. Since two popular food products 

were used and the e-IAT-RF was assumed to capture general implicit evaluative associations, no 

differences between the two foods and the two experimental groups were expected. Indeed, the 

mean reaction times between the two categorisation tasks did not significantly differ for any of the 

two groups hinting at an absence of clear positive associations for one product relative to the other. 

This result is similar to the self-reported liking results. Although in general these results were 

hypothesised, it is worth highlighting that in the no-hunger group, this implicit liking result was not 

in line with the approach tendency towards sweets (i.e., based on the non-significant correlation of 

the e-IAT-RF and the m-IAT-RF). This seems to suggest that having eaten a sandwich did not 

affect the implicit evaluative associations for the sandwich in the no-hunger group, and that this task 

measured implicit attitudes that more generally assess the food concept independently of the hunger 
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state. It should be remembered at this point that this is precisely the task’s original purpose (i.e., in 

the field of social cognition). 

These findings also imply that wanting-related associations are more malleable than liking-

related associations, the former speaking in favour of the motivational approach, and the latter 

speaking in favour of the dual attitudes approach (Türk Pereira, 2010). Thus, food wanting seems to 

be better reflected through measures that assess implicit associations triggered by 

immediate/momentary underlying motivational factors (e.g., approach–avoidance).  

A different explanation that also addresses a possible limitation of the study is that eating the 

sandwich could have affected the indirect liking measures of the no-hunger group, however, in 

different directions: some positively towards sweets and others negatively, which could have 

resulted in intermediate mean values. One way of avoiding this unevenness, or at least reducing it, 

is by ruling out differences in hunger, for instance, by ensuring that all the participants had reached 

the same point of satiation after eating the sandwich. In fact, such a satiated condition could be the 

departing point for future research focusing on the liking-related processes. In the current study, an 

experimental manipulation was used to derive clear predictions regarding the motivational 

measurements. However, studies looking at the impact of sensory-specific satiety (SSS), habituation, 

or boredom of food intake (e.g., Nolan & Hetherington, 2009; Rolls & Rolls, 1997; Smeets & 

Westerterp-Plantenga, 2006; for a recent review, see Piqueras-Fiszman & Spence, 2014) suggest 

that prolonged consumption of a food leads to a decrease in its perceived pleasantness. If our 

experiment would have been designed to ensure that SSS is reached (entailing a decrease of liking, 

at least, self-reported), it would have allowed more informed conclusions to be drawn as to whether 

the implicit liking measurements obtained indirectly (e.g. via this e-IAT-F) are atemporal or time 

specific, and if they are product specific. 
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Another question that remains unaddressed is whether responses would differ had the 

participants been told that they were able to eat or eat more of their desired food, since a reward 

component would have been present in the processes. Türk Pereira (2010, Experiment 2) found that 

expectations of a food reward exerted no effect on implicit wanting nor liking-related associations 

for neither food-deprived nor satiated participants. However, it should be noted that the author used 

food words as stimuli, which may have not exerted an effect as strong as presenting real foods. The 

strengths of this present study are that the measures were collected with real food products 

physically in front of the participants, and that the two indirect tasks showed images of the same 

foods (see Figure 1a). Such a strategy supports the reliability of the measures compared to 

procedures in which food names are the only stimuli provided (see Table 1). 

Overall, this research presented two measurement procedures (m-IAT-RF and e-IAT-RF) that 

were sensitive enough to assess different motivational approach tendencies and similar evaluative 

associations in two experimental groups. Stating that the measurement procedures clearly assess 

implicit wanting and implicit liking, two important processes that are related to the incentive 

salience theory (Berridge, 2009; Berridge & Robinson, 1998, 2003), would be speculating. 

However, at this point it is likely that the m-IAT-RF and the e-IAT-RF successfully tapped into 

motivational, wanting-related and evaluative liking-related processes. It can also be said that both 

procedures measured them in an indirect manner since the to-be-measured attributes were not based 

on self-assessment and were indirectly inferred through the response latencies of the two binary 

categorization tasks (see De Houwer & Moors, 2010; De Houwer, et al., 2009). Finally, it is a 

positively striking result that both measurement procedures revealed effects with moderate 

treatment conditions, involving normal eaters that were not necessarily completely sated or food 

deprived for more than four hours. These procedures could help researchers shed light on similar 

investigations delving into questions that involve liking and wanting processes such as SSS. 
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Conclusions 

The current research provides a potentially relevant methodology for researchers to measure 

wanting- and liking-related components by indirectly assessing motivational tendencies (m-IAT-RF) 

toward food as well as evaluative associations (e-IAT-RF). These techniques have revealed 

significant effects even among subjects with no eating disorders and involving regular hunger 

conditions. In addition, both indirect measurement techniques assessed recoding-free associations 

by eliminating the fixed block structure, a known structural bias of the classical IAT. With the 

present research we have tried to bridge the gap between two different research fields: Our initial 

question arose from the field of behavioural nutrition whereas the terminologies as well as the 

indirect measurement tools were borrowed from recent advances in social cognition research. We 

believe that such overlapping investigations help develop a common language and that both fields 

could greatly benefit from this exchange.  
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Abstract 

Wanting and rejecting food are natural reactions that we humans all experience, often 

unconsciously, on a daily basis. Such approach and avoidance tendencies in response to foods 

depend on factors relating to the consumer, to the product, and to the situation. However, in the 

food domain, the focus to date has primarily been on the approach tendency, and researchers have 

tended not to study the two opposing tendencies in a balanced manner. 

Here, we developed a useful methodology with which to understand people’s implicit and 

explicit reactions to both positive (appealing) and negative (disgusting) foods. The methodology 

consists of a combination of direct and indirect computer-based tasks, as well as a validated food 

image stimulus set, specifically designed to investigate motivational approach and avoidance 

responses toward foods. A sample of normal weight, non-dieting participants (N = 50) varying in 

terms of their hunger state (hungry vs. not hungry) reported their explicit evaluations of 

pleasantness, wanting, and disgust toward the idea of tasting each of the food images that were 

shown. Their motivational tendencies toward those food items were assessed indirectly using a 

joystick-based approach-avoidance procedure. For each of the food images that were presented, the 

participants had to move the joystick either toward or away from themselves (approach and 

avoidance movements, respectively) according to some unrelated instructions, while their reaction 

times (RTs) were recorded. 

Our findings demonstrated the hypothesized approach-avoidance compatibility effect: a 

significant interaction of food valence and direction of movement. Furthermore, differences 

between the experimental groups pointed to the sensitivity of the indirect measure. The participants 

in the no-hunger group performed avoidance (vs. approach) movements significantly faster; and, in 

addition, their approach movements toward positive (vs. negative) foods were significantly faster. 

In contrast, the group in the hunger state was less sensitive with regard to both kinds of food images 
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and differences in movement directions, possibly reflecting the effects of cognitive depletion, 

frustration, or a reduced level of implicit disgust. As expected, the self-report measures revealed a 

strong effect of the food category on the three dependent variables and a strong main effect of the 

hunger state particularly on wanting and to a lesser extent on pleasantness. However, in contrast to 

the implicit measures, the disgust ratings were not affected by the hunger state of the participants, 

thus suggesting that the indirect procedure may be more sensitive when it comes to collecting 

rejection/avoidance reactions. 

Taken together, these results represent an advance in terms of the study of motivational 

approach and avoidance tendencies toward differently-valenced foods, reflecting the relevance of 

exploring them in a balanced way and the need to combine direct and indirect measurement 

procedures to uncover people’s deliberate and impulsive reactions. We believe this represents a 

promising tool with which researchers can extend their knowledge concerning consumers’ 

behaviours toward novel or unfamiliar foods. 

 

Keywords:  

Pleasantness; Wanting; Disgust; Food; Implicit; Approach-avoidance; Motivation 
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Introduction 

It is popularly believed that eating is invariably under voluntary conscious control since the act 

itself requires the awareness of the consumer (Friedman, 2009). However, not all of the processes 

that control eating habits are necessarily explicit. In addition, the core processes of liking and 

wanting that underlie reward are distinct from the subjective report on, or the conscious awareness 

of, those processes (Berridge, 1996, 2009). That is, one may be aware of the act of eating while 

remaining unaware of the underlying processes that cause certain eating patterns (which can lead to 

‘binge’ or compulsive eating behaviours; see DSM V). Moreover, in considering just the 

psychological mechanisms that influence eating and reward, one could assume that both implicit 

and explicit processes likely intervene. 

The strength of impulses toward food as well as the control of temptations, or the rejection of 

certain disliked foods, can be investigated by measuring approach and avoidance motivations. 

Humans spontaneously approach positively evaluated, attractive stimuli and avoid negatively 

appraised, aversive stimuli and events (e.g., Cacioppo, Priester, & Berntson, 1993). Thus, the 

immediate perception and evaluation of positive and negative stimuli are inherently linked and 

automatically activate motivational approach-avoidance orientations (e.g., Neumann, Förster, & 

Strack, 2003; Strack & Deutsch, 2004) and can also depend on other contextual factors as well, 

such as one’s needs or goals (Fishbach & Shah, 2006). In the literature, approach and avoidance 

tendencies towards food stimuli, often represented through names or pictures, have been studied by 

means of direct and indirect procedures. Note that in the sensory and consumer research domains 

these tendencies are more commonly described as wanting and rejection, respectively (see, e.g., 

Köster, 2009). 

To measure these motivational responses indirectly, many researchers have followed the 

pioneering work of Solarz (1960), who made a link between evaluation and approach-avoidance 
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motivation. In Solarz’s early study the participants were shown 92 positive and negative object 

words written on separate cards. Half of the participants in the study were instructed to pull a lever 

toward themselves if they liked the object represented by the stimulus word and to push it away if 

they did not; the other half of the participants were given the opposite instructions. In the meantime, 

the reaction times (RTs) of the participants’ movements were recorded. The results revealed that 

participants were faster when pushing disliked stimuli away from themselves and were faster when 

pulling to indicate liking. 

In the food domain, an early study by Staats and Warren (1974) used a similar approach-

avoidance procedure (henceforth referred to as AAP). On this occasion, participants (food-deprived 

vs. non-deprived) were sequentially shown food or non-food words. They were not informed in 

which direction they had to move the lever on each trial, they just had to learn it based on the 

feedback provided while their RT of each trial was recorded. The authors demonstrated that those 

participants who had been deprived of food learned to respond more rapidly with an approach 

response to food words than with an avoidance response. Moreover, this difference was of a 

reduced magnitude with non-deprived participants. In addition, in a second experiment, Staats and 

Warren asked their participants to move certain target words (including food names) toward 

themselves while neutral names had to be moved away. Food-deprived participants learned to make 

approach responses to food words more rapidly than did non-deprived participants. However, the 

palatability of the foods represented in the cards in these studies was not mentioned. 

More recently, Seibt, Häfner, and Deutsch (2007) conducted three studies designed to examine 

how food deprivation influences the immediate perceived valence of food stimuli as well as 

people’s spontaneous motivational tendencies toward them. Using an Implicit Association Test 

(IAT; Greenwald, McGhee, & Schwartz, 1998), these researchers assessed the perceived valence of 

food names as a function of the participant’s need state. As expected, food deprivation led to a more 
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positive perceived valence for food items. Through an AAP (see also Chen & Bargh, 1999; De 

Houwer, Crombez, Baeyens, & Hermans, 2001), Seibt et al. were able to demonstrate that approach 

reactions toward food pictures were facilitated for hungry as compared to satiated participants, even 

in a sample of individuals suffering from eating disorders (bulimia nervosa and anorexia). 

Importantly, one of the main differences between this and Staats and Warren’s (1974) procedure 

was that the participants were told to respond as rapidly as possible in order to assess their 

impulsive approach-avoidance tendencies. 

One point to highlight from the abovementioned studies is that the food images (or names) 

have been used generally as positive stimuli toward which individuals (mostly those in a state of 

hunger) would tend to show approach motivation. By contrast, not much research has been 

conducted considering the hedonic/affective component of the foods as a factor, or other sensory 

properties, which often give rise to different motivational mechanisms. For instance, some 

researchers (e.g., Finlayson, Arlotti, Dalton, King, & Blundell, 2011; Finlayson, King, & Blundell, 

2007) have included photographs of foods categorised in terms of their fat content (high vs. low) 

and taste (sweet vs. non-sweet) in order to investigate the effect of meal-induced satiation on 

implicit and explicit processes (although they developed a computer-based procedure unrelated to 

the IAT or the AAP). However, no distinction in terms of hedonic or valence scores of the foods 

was made; that is, all of the images showed foods that were similarly palatable. 

It could therefore be argued that most of the previous research to have been published in this 

area has focused on the positive hedonic aspects of food and has overlooked others, such as disgust 

or rejection, when measuring motivational tendencies toward foods. In this regard, Hoefling (2008) 

reported that food deprivation increased approach motivation not only toward palatable, but also 

toward unpalatable food stimuli as well. In an AAP, those participants who had been deprived of 

food for 15 hours had an immediate motivational tendency to approach both palatable- and 
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unpalatable-looking foods. Satiated participants, by contrast, only exhibited an approach tendency 

toward the foods that looked palatable. This is in line with recent studies (e.g., Lavender & Hommel, 

2007; Rotteveel & Phaf, 2004) that have argued that the initiation of approach-avoidance 

movements is not only automatically determined by the perceived valence of a stimulus, but also 

depends on processing goals and intentions as well, as mentioned earlier. Hoefling et al. (2009) 

confirmed their previous results by recording the electromyographic activity in the region of the 

levator muscle (note that the M. Levator labii is responsible for raising the upper lip, and its activity 

therefore captures a central component of the disgust face) in food-deprived participants. 

Disgust, like other basic emotions, has a characteristic facial expression associated with it, a 

specific physiological state (nausea), a behavioural component (distancing oneself from the 

offensive object), and a characteristic feeling state (revulsion; Rozin & Fallon, 1987; Rozin, Haidt, 

& McCauley, 1993). Rozin and Fallon have conceptualized disgust toward food, as “that form of 

food rejection that is characterised by revulsion at the prospect of oral incorporation of an offensive 

and contaminating object.” (p. 24). Previously, Rozin and Fallon (1980) had explored the attitudes 

and reactions to rejected substances (which would commonly be labelled as “disgusting” by 

consumers). They observed patterns of attitudes that suggested the existence of at least three 

different psychological types of rejections: 1) Distaste, primarily motivated by the food’s sensory 

characteristics; 2) Danger, mainly because of fear of bodily harm; and 3) Disgust, a strong affect-

laden rejection based primarily on the uncertainty of the nature, origin, or social history (e.g., who 

had touched the food previously) and on the presumption that the food will taste bad. Note that in 

this paper, we will refer to “disgust” as the general concept merging these three types of rejection. 

To date, no study has explored immediate approach and avoidance motivations towards 

appealing (positive) and disgusting (negative) foods indirectly in hungry (but not deprived) and not 

hungry (but not satiated) healthy participants, relating them with their explicit reports. The aim of 
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the present study was therefore to investigate these behavioural mechanisms via a joystick-based 

AAP and to compare them with explicit measures of pleasantness, wanting, and disgust of 

experiencing the taste of the foods “right now”. 

The hypotheses to be tested with the AAP were that: (1) participants in the no hunger (NH) 

condition would have stronger avoidance reactions (faster RTs when moving the joystick away) for 

both positive and negative foods than those in the hungry (H) condition, who would show general 

approach tendencies (faster RTs when moving the joystick toward themselves); (2) NH participants 

would show a stronger avoidance tendency toward negative than toward positive foods, but that this 

difference would be more modest in the hungry participants, who would exhibit a stronger approach 

tendency toward positive foods; and (3) when shown neutral food images, the RTs of the two 

experimental groups would not differ as much as with the other food categories, but the H group 

would exhibit a stronger approach tendency than the NH group. Additionally, we hypothesised that 

implicit measures would not necessarily reflect the explicit evaluations of the foods, with the 

explicit ratings being much more extreme and showing a higher discrimination between positive 

and negative foods, and neutral images receiving intermediate scores. 

Materials and methods 

Participants 

Fifty participants (30 female) ranging from 18 to 40 years of age (M = 25, SD = 5.2) took part 

in the study. Based on measured height and weight, participants’ BMI ranged from 18.75 to 28.16 

kg/m2 (M = 22.6, SD = 2.3), that is, from normal to overweight. They were recruited from a mailing 

list sent to the general Oxford community interested in participating in activities/experiments 

undertaken at the University. All reported normal or corrected-to-normal vision, were not currently 

dieting, and had no food allergies, food aversions, nor eating disorders. The participants were asked 
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to take part in the study either just after having had lunch or dinner (no hunger –NH condition) or to 

refrain from eating/drinking (except water) in the 4 hours prior to the start of the study (hunger –H 

condition). At first, the participants were randomly assigned to either group, and then the quotas 

were adjusted in order to balance them as possible in terms of BMI, t(48) = 1.37, p = .178, age, t(48) 

= -1.29, p = .202, and gender (11 vs. 9 males, in the NH and H groups, respectively). The 

experimental procedure was approved by the Ethics Committee at the Department of Experimental 

Psychology, University of Oxford. 

Apparatus and materials 

After being welcomed by the experimenter and being instructed, the participants signed a 

consent form and were seated 50 cm from a 17-inch LCD monitor with a resolution of 1280  1024 

pixels (refresh rate 60 Hz). The experiment (entirely computed-based) was conducted in a quiet 

room under normal illumination conditions. For the AAP, a computer running E-Prime 2.0 

(Schneider & Zuccoloto, 2007; Psychology Software Tools, Inc.) was used. 

Stimuli 

The stimuli consisted of a set of food photographs especially taken for this study which were 

classified as being either positively or negatively valenced. This classification was the result of a 

pre-test in which a larger set of images (N = 50) was shown to 39 people, who rated them in terms 

of their valence, arousal, appeal, and disgust. All of the images categorised as positive and 

appealing had to score at least 6 (on a 9-point scale, 1 being very negative / very disgusting, and 9 

being very positive / very appealing). In contrast, all of the negative and disgusting images had to 

score a maximum of 4 on the same 9-point scales. The images were also pre-selected to have 

medium arousal scores. See Table 1 for the details of these ratings of the two sets of images, 

henceforth referred to according to their valence for ease of description. 
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The 14 food images selected in the positive set were mainly high-energy dense foods (e.g., 

cinnamon buns, tortilla chips, chocolate), but also included medium-energy dense foods (e.g., plain 

scotch pancakes, savoury crackers), and low-energy dense foods (e.g., fresh strawberries). The 14 

images in the negative food group varied in a number of characteristics relevant to theoretical 

conceptions of disgust (Martins & Pliner, 2006). These included partly rotten or spoiled foods (e.g., 

bread products with some mould, meat with a slight green hue, fruit, etc.), food with insects (one 

was an insect-based culinary dish, but participants were not aware of this), or soggy (wet) or half-

eaten versions of the appealing foods. Note that these images, in spite of being classified as 

disgusting, were selected with the aim of not being revolting or causing distress to our participants. 

Additionally, as a control, a set of eight neutral food images were included in the stimulus set and 

presented in the same format as the other ones (see Table 1 for the pre-test ratings obtained in the 

same manner as described above, with 15 people). Neutral images presented raw vegetables only, 

since they are low in fat and sugar, which have already been shown not to alter individuals’ mood 

or arousal levels (Privitera, Antonelli, & Creary, 2013; for fMRI studies involving vegetables and 

people’s neural responses see Brunetti et al., 2010; Killgore et al., 2003). 

 

Table 1. Mean values (and standard deviations -SD) of valence, arousal, appeal, and disgust for 

the 36 images selected during pre-tests. Ratings were made on a 9-point scale: For valence: 1 = 

very negative and 9 = very positive; for arousal: 1 = very calm, 5 = neutral, and 9 = very aroused; 

and for appeal and disgust: 1 = not at all and 9 = extremely. 

Food category Valence Arousal Appeal Disgust 
Positive 6.5 (0.8) 5.8 (0.9) 6.3 (0.8) 1.7 (0.5) 
Neutral 5.8 (1.3) 4.1(0.9) 5.3 (1.1) 2.9 (0.8) 
Negative 2.4 (0.5) 4.8 (0.4) 1.8 (0.4) 6.6 (0.8) 
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The final set of 36 selected images (size: 20  13 cm) presented the foods over a white plate 

background, occupying the same volume (figure-ground proportion), and, additionally, all of the 

images were treated in Adobe Photoshop CS4 V.11 (Adobe Systems Incorporated, 2008) in order to 

have similar brightness levels. See Figure 1 for some examples used in the study. Finally, we also 

included four neutral images (i.e., household items) from the International Affective Picture System 

(IAPS; Lang, Bradley, & Cuthbert, 2008) with a low arousal (M = 3.25, SD = 0.63) and medium 

valence (M = 5.14, SD = 0.17) for practice purposes. 

Procedure 

The study took place over a period of three weeks, between 11am and 3pm and between 4pm 

and 8pm. The study started with a short survey about the participant’s demographic information. 

Within this survey, they were also asked to rate their states of hunger and fullness, on a 100-mm 

visual analogue scale (VAS) anchored on the left and right extremes with “not at all” and 

“extremely”, respectively. These two questions were phrased: “How hungry do you feel right now?” 

and “How full do you feel right now?” Finally, the participants were also asked to indicate their 

dominant hand. 

After this short questionnaire, all of the participants performed the AAP. This task was divided 

into three parts: (1) eight practice-trials with the four neutral non-food related images, which were 

not analysed, (2) 56 test-trials with the 14 positive and 14 negative food images, displayed fully 

randomly in 28 compatible (negative image - push movement, and positive image - pull movement) 

and 28 incompatible (reversed) task designs, and (3) 16 test-trials with the eight neutral food images, 

assigned once to each direction (see Figure 1). The neutral food images were in a separate block 

because the main purpose of the present study was to explore differences in approach avoidance 

tendencies particularly toward positive and negative foods. Importantly, the test trials were not 
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divided into compatible and incompatible blocks in order to avoid strategic or spontaneous 

simplifications of the task. For instance, within the IAT paradigm it has recently been shown that 

such an elimination of the typical block structure can minimize strategic influences (known as 

recoding; Rothermund, Teige-Mocigemba, Gast, & Wentura, 2009; Teige-Mocigemba, Klauer, & 

Rothermund, 2008; see Kraus & Hofmann, 2014, for a similar modification within an AAP). 

 

 

Figure 1. Outline of the AAP experimental design consisting of 8 practice trials and 72 test trials. 
Trials within blocks were fully randomised. The test images shown are real examples from the 
stimuli set; the images shown for the practice block are examples similar to the ones from the IAPS 
used in the study since IAPS pictures are not intended for publication. 

 

The participants in the present study were instructed to hold the joystick (Logitech, Extreme 3D 

Pro) with their dominant hand, and to position it so that they felt comfortable when moving it 

backward and forward. The starting point in each trial was the joystick’s natural vertical position. A 

trial started with the appearance of a fixation cross in the centre of the screen, where they were 

instructed to focus at all times. After 2000 ms, the cross disappeared and was replaced with a 
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stimulus image in the centre of the screen. The direction to which to move (push vs. pull) the lever 

of the joystick was indicated by an isosceles triangle (height: 1 cm; base: 20 cm) appearing either 

above (pointing upward) or below the stimulus (pointing downward), respectively. These visual 

indicators enabled us to provide the participants with identical, unbiased instructions for both the 

compatible and incompatible trials: “Please move the joystick in the direction in which the triangle 

is pointing”. Eder and Rothermund (2008) argued and demonstrated that evaluative-response coding 

can be facilitated through positive or negative connotations assigned to a particular motoric 

response in the instructions of a task (i.e., “pull” and “towards” having positive valence when used 

in reference to oneself, and “push” and “away” having negative valence instead; see Kraus & 

Hofmann, 2014, for a similar task design). 

In order to facilitate the impression that the upper part of the screen symbolised a distance that 

was further away from the participant, whereas the bottom part seemed closer, the screen was tilted 

30º. The reason for doing this was twofold. On the one hand it was done to avoid instructions that 

explicitly mapped “away” with “up” and “down” with “toward”. On the other hand, this strategy 

would establish the self as a rather fixed point of reference and the stimuli as being “moved” closer 

or away from the self (Seibt, Neumann, Nussinson, & Strack, 2008), and so a pull movement would 

symbolise approach (and pushing, avoidance), and not vice versa. 

The randomly presented food images appeared and remained on the screen until a correct 

response was given. A response was registered if the joystick was moved at least 30º from its initial 

vertical position in the direction of the pointing triangle (which they learned during the practice 

trials). This movement angle was determined through pretests, where 30º was found to be the most 

common natural distance covered by quick movements; During the pre-tests, a larger required angle 

(initially set at 45º) often led to a required a repetition of the movement in order to continue the test. 

The dependent variable of the joystick-based AAP was represented through RTs, which were 
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recorded from the onset of the stimuli until the onset of the joystick’s movement. The AAP took an 

average of approximately eight minutes to complete. 

Once the AAP had been completed, the participants were asked to rate their subjective feeling 

of hunger and fullness again (using the same scales as before), and to answer the emotion and 

external sections of the Dutch Eating Behaviour Questionnaire (DEBQ; Van Strien, Frijters, 

Bergers, & Defares, 1986). These sections consist of 13 and 10 questions respectively concerning 

patterns of emotional and external eating (e.g., Do you have the desire to eat when you are irritated? 

When you are feeling lonely? If you have something delicious to eat, do you eat it straight away?) 

This questionnaire was used since it has been shown to have good internal consistency and factorial 

validity, and good validity for food consumption in general (Jansen et al., 2011). These scales were 

used to explore differences between the experimental groups, and to help us to understand outlier 

responses/reactions from specific participants, if any. 

Finally, the participants were asked to rate each food image that was used as a stimulus during 

the AAP (presented in a random order) in terms of pleasantness, wanting, and disgust (on separate 

100-mm VAS anchored at the extremes with “not at all” to “extremely”). For these three questions, 

the phrasings were as follows: “How pleasant would you find tasting this food right now?”, “How 

much would you want some of this food right now?”, and “How disgusting would you find tasting 

this food right now?” In particular, the pleasantness and disgust questions were constructed to 

reflect the pleasure (or disgust) of the experience of tasting a mouthful of the given food to avoid 

eliciting a more general evaluation to do with properties inherent in the food itself (Finlayson, King, 

& Blundell, 2008). Additionally, as manipulation checks, the participants were asked to evaluate the 

valence, arousal, and complexity of the images on 100-mm VAS anchored at the extremes, 

respectively, with: “very negative/unpleased” and “very positive/pleased”; “very calm”, 

“neutral/indifferent” (as a middle anchor), and “very aroused”; and “not at all” to “extremely”. For 
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the first two questions, the phrasing was as follows: “How do you feel about this food right now?”; 

the complexity question was: “How visually complex is this image to you?” This questionnaire took 

approximately 20 min to complete. At the end, the participants rated for a last time their subjective 

feeling of hunger and fullness and were thanked and rewarded with 5 GBP. 

Data analyses 

Manipulation check 

To check differences in the initial levels of hunger between the two experimental groups, a t-

test was performed on the hunger and fullness ratings for each of the three times they were assessed. 

Paired sample t-tests were also conducted on the hunger and fullness ratings within groups across 

time, to check for possible changes. In addition, the DEBQ scales’ mean scores were also analysed 

between groups. Finally, t-tests were conducted in order to ensure that the three sets of images 

differed significantly in terms of their pleasantness, valence, and disgust across all participants, and 

that the levels of arousal were intermediate (approx. 40-60), as had been observed in the pre-test. 

Explicit ratings 

A 2 (hunger state: not hungry vs. hungry)  3 (food image category: positive vs. neutral. vs. 

negative) nested mixed model ANOVA with interactions, considering the participant as a random 

factor, was performed on each of the dependent variables (pleasantness, wanting, and disgust). 

Significant differences were calculated using Tukey's pairwise comparisons test and were 

considered significant when p ≤ .05. Pearson correlation coefficients were calculated among the 

dependent variables. 
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AAP responses 

Trials with RTs under 300 ms and over 2000 ms (0.9%, 33 trials out of 3600) were discarded 

from further analyses. However, 17 of these 33 responses were collected by one female participant; 

therefore, all the responses from this individual were excluded from the main analysis. Those trials 

in which participants responded incorrectly (0.8%, 27 out of 3600 total test trials) were also 

discarded. For the remaining sample (n = 49; 3,485 trials) two separate nested mixed model 

ANOVAs (one for each AAP task) were performed on the RT data. The model for the block that 

included positive and negative images was defined considering the participant effect as a random 

factor, and food category (positive vs. negative), movement direction (away vs. toward the self), 

and the hunger state (not hungry vs. hungry) as explanatory fixed factors. Regarding the neutral 

block, the model was defined with the participant effect as a random factor, and the movement 

direction and the hunger state as explanatory fixed factors. All possible interactions were also 

included in both models and significant differences were calculated using Bonferroni's adjustment 

for multiple pairwise comparisons and were considered significant when p ≤ .05. 

All of the statistical analyses were performed using XLStat 2012 (Addinsoft, NY, USA), and 

SPSS v21 (IBM, Chicago, USA). 

Results 

Manipulation checks 

Table 2 shows the reported feelings of hunger and fullness at the three measurement points 

from the two experimental groups. As expected, the participants in the H group reported stronger 

initial feelings of hunger than did the participants in the NH group, t(48)= 19.10, p < .0001. As 

shown in Table 2 (indicated by lower case letters), this difference between the conditions remained 

significant throughout the study, t2: t(48) = 19.77, p < .0001; t3: t(48) = 15.61, p < .0001. The 
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fullness ratings at the three measurement points were significantly negatively correlated with the 

corresponding hunger ratings (all at p < .0001). In summary, the two groups differed significantly 

in terms of hunger (and fullness) throughout the study and both showed a significant increase in 

hunger from start to end. 

 

Table 2. Mean values (and SD) of hunger, fullness, and DEBQ ratings across all participants (N = 

50). The labels on the 100-mm VAS were: 0 = not at all, and 100 = extremely. 

Time 1 (t1) Time 2 (t2) Time 3 (t3) Mean DEBQ* 
Hunger Fullness Hunger Fullness Hunger Fullness Emo Ext 

Not 
hungry 

11.1 
(9.8)Aa 

73.9 
(19.5) 

10.8 
(11.0)Aa 

73.4 
(21.8) 

14.7 
(14.4)Ba 

69.9 
(23.6) 

3.8 
(0.7) 

3.4 
(0.5) 

Hungry 
71.2 
(11.8)Ab 

15.6 
(15.6) 

74.7 
(11.3)Bb 

13.0 
(13.7) 

79.8 
(14.4)Cb 

13.1 
(17.5) 

3.5 
(0.7) 

3.4 
(0.6) 

Note. Different capital superscript letters between columns indicate significant differences between 
the time points at p < .05. Different lowercase superscript letters within columns indicate 
significant differences between the hunger groups at p < .0001). 

* No significant differences were observed between the DEQB scales’ scores and between the 
DEBQ scales’ scores between hunger groups. Emo= emotional eating scale; Ext= External eating 
scale. 

 
The overall ratings (across all participants) for pleasantness, valence, wanting, and disgust 

differed significantly between food categories as expected (see Table 3). Regarding the arousal and 

complexity ratings, although these varied significantly between food categories, they remained 

within the expected limits, that is, on average, they were deemed neither very calming nor very 

arousing. 

The mean DEBQ scores for the two scales used were: MEMO = 3.63, SD = 0.7; MEXT = 3.42, SD 

= 0.6. As Table 2 shows, no differences were found in the DEBQ scores between hunger groups, 

t(48) = 1.39, p = .179; and t(48) = 0.166, p = .869, respectively. In addition, while no differences 

were found between genders in either of the DEBQ scores, gender differences were observed on the 

BMI (MM = 23.5 vs. MF = 21.9 kg/m2, t(48) = 2.37, p = .022). Finally, no correlations were 
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observed between the BMI and the emotional and the external DEBQ scores: r(48) = .137, p = .342; 

and r(48) = -.122, p = .399, respectively. 

 

Table 3. Mean values (and SD), and Pearson’s correlation coefficients of pleasantness, wanting, 

valence, arousal, and disgust ratings across all participants in the explicit task (N = 50). The labels 

on the 100-mm VAS were for valence: 0 = very negative, 100 = very positive; for arousal: 0 = very 

calm, 50 = neutral, and 100 = very aroused; and for pleasantness, wanting, disgust, and complexity: 

0 = not at all, and 100 = extremely. 

Food 
category 

Valence Arousal 
Pleasantne

ss 
Wanting Disgust 

Complexit
y 

Positive 
68.5 

(20.1)a 
55.8 (20.9)b 69.4 (23.4)a 54.5 (30.0)a 5.4 (11.7)c 23.9 (22.1)b 

Neutral 
59.6 

(20.3)b 
42.8 (20.9)c 53.5 (27.6)b 39.1 (30.6)b 9.4 (17.9)b 19.4 (20.6)c 

Negative 
14.8 

(18.8)c 
62.5 (23.1)a 6.9 (13.7)c 3.3 (9.6)c 81.8 (22.1)a 46.1 (30.4)a 

Variables   

Valence - -.118 .889 .816 -.838 -.340 
Arousal - -.069 .032 .266 .184 
Pleasantnes
s   

- .896 -.826 -.330 

Wanting - -.702 -.307 
Disgust  - .427 

Note. Different superscript letters within columns indicate significant differences between food 
categories at p < .05. Pearson’s coefficients in bold are significant at p < .0001. 

 

Explicit ratings 

Figure 2 illustrates the differences (by means of different letters) between the mean ratings per 

hunger state and product category for pleasantness, wanting, and disgust (see Table 4 for the details 

of the statistical effects). 
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Figure 2. Representation of the interaction between the hunger state and the food category showing 
mean explicit ratings (±SE, on a 100-mm VAS) given to the positive, negative, and neutral images 
according to the hunger state of participants. A) Pleasantness ratings; B) Wanting ratings; and C) 
Disgust ratings. Same letters (presented alone or in a pair) on different bars indicate no significant 
differences between the mean values represented. Bars with no letters in common indicate that the 
means are significantly different at p < .0001, unless marked by an asterisk, in which case the 
significance level is p < .05. 

 

Table 4. Summary of main and interaction effects (F and p values) found in the explicit and implicit 

responses. 

Explicit responses 
Effects Pleasantness Wanting Disgust 
 F p F p F p 
Food category 1842.13 < .0001 1053.31 < .0001 3854.87 < .0001 
Hunger state 7.09 .010 26.11 < .0001 2.95 .086 
Food  Hunger 22.58 < .0001 49.79 < .0001 3.38 .034 

Implicit responses 
Effects AAP Positive-negative foods AAP Neutral foods 
 F p F p 
Food category 17.59 < .0001 - - 
Hunger state 0.66 .421 1.66 .20 
Movement direction 9.19 .002 6.91 .009 
Food  Hunger  5.04 .025 - - 
Hunger  Direction 12.44 < .0001 0.15 .703 
Food  Direction 6.75 .009 - - 
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Pleasantness  

Main effects of the food category and the hunger state, as well as of their interaction, were 

observed for pleasantness (p < .0001; p = .01; p < .0001, respectively). Figure 2a highlights the fact 

that the positive food images received the highest pleasantness ratings from both experimental 

groups, though the H group’s ratings were significantly higher (p = .020) than in the NH group. 

These ratings were followed by those given to the neutral food category; once again, the H group 

rated them as significantly more pleasant than the NH group (p < .0001). Finally, the two groups 

did not differ in terms of their pleasantness ratings for the negative food images (p = .490). 

Wanting 

Regarding the wanting ratings, the food category, the hunger state, and their interaction were 

significant at p < .0001, similar to the pleasantness ratings, though note here the stronger effect of 

the hunger state. As shown in Figure 2b, the mean ratings for the positive, neutral, and negative 

images are also in descending order, but only within each experimental group (which reflects the 

impact of the hunger state on the wanting ratings). The two higher wanting ratings were collected 

from the H group for the positive and neutral food categories, although the ratings for each food 

category differed significantly (p < .0001). The next highest rating in the rank was also for the 

positive food category from the NH group, which was significantly different from the rating of that 

same group given to the neutral foods (p < .0001). Finally, once again, neither group differed in 

terms of their wanting ratings towards the negative food category (p = .700). 

Disgust 

Only the food category and its interaction with the participants’ hunger state were significant (p 

< .0001; p = .034, respectively). Figure 2c shows that there were almost no differences between the 
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two experimental groups, p = .086. Unsurprisingly, the negative images received the highest disgust 

ratings from the two groups of participants, which did not differ between the two groups (p = .081). 

These two ratings were followed by the ratings of the neutral and positive food images, all of which 

were significantly lower (p < .0001). The next highest disgust ratings were given to the neutral 

category by the two groups (p = .879), and finally the lowest ratings were given to the positive 

foods, for which, again, the two experimental groups did not differ significantly (p = .279). 

Implicit responses 

Positive and negative food pictures  

A significant main effect of the food category on response latencies emerged (p < .0001), with 

the participants generally responding more rapidly to positive images (M = 672 ms, SD = 231.1), 

than to the negative food images (M = 699 ms, SD = 265.6). A significant main effect for the 

movement direction was also revealed (p = .002), thus participants generally moved the joystick 

away from themselves more rapidly (M = 676 ms, SD = 237.5), than they moved it towards 

themselves (M = 695 ms, SD = 259.9). The hunger manipulation itself had no general effect on 

response latencies. 

As expected, an approach-avoidance compatibility effect, that is, an interaction between food 

category and movement direction, was revealed in the data (p = .009). On average, all of the 

participants were significantly faster to move negative pictures away from themselves (M = 681 ms, 

SD = 242.4) than towards themselves (M = 717 ms, SD = 286), p < .0001. However, closer 

inspection within hunger groups revealed that this difference was mainly driven by the NH group 

(see Figure 3). In contrast, on average, the responses for the positive foods were very similar and 

did not differ significantly with regard to the movement direction (p = .064). Furthermore, the 
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participants from both groups moved the joystick toward themselves significantly more rapidly for 

appealing pictures as compared to disgusting pictures (NH: p < .0001; H: p = .029). 

An interaction between the food category and the hunger state of the participant was also found 

(p = .025): The participants in the NH group showed significantly faster reactions toward positive 

images (M = 643 ms, SD = 221.9), than toward negative food images (M = 685 ms, SD = 301.2), p 

< .0001. However, RTs in the H group did not differ significantly between positive (M = 700 ms, 

SD = 236.4) and negative foods (M = 713 ms, SD = 225.8). 

 

Figure 3. Mean response latencies (in ms; ± SE) by food category (positive vs. negative images) 
and by movement direction (toward vs. away from the self). A) No hunger group; B) Hunger group. 
Same letters (presented alone or in a pair) on different bars indicate no significant differences 
between the mean values represented. Bars with no letters in common indicate that the means are 
significantly different at p < .0001, unless marked by an asterisk, in which case the significance 
level is p < .05. 

 

Finally, the main effect of movement direction was qualified by an interaction between 

movement direction and hunger state (p < .0001; as also hinted at in Figure 3). Once again, the 

participants in the NH group showed significant differences between the two movement directions: 

They were generally faster to move the joystick away from themselves (M = 643 ms, SD = 231.4) 
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than to move it toward themselves (M = 685 ms, SD = 293), p < .0001. No such difference was seen 

in the H group, where joystick movements away from and toward the self were equally fast (M = 

708 ms, SD = 238.7; and M = 705 ms, SD = 223.5, respectively). Finally, the 3-way interaction was 

not significant, F(1, 2657) = 0.05, p = .823. 

Neutral food images  

As found in the AAP with positive and negative foods, the participant’s hunger state itself did 

not exert a significant effect on the RTs, p = .200 (Table 4). However, the NH group responded 

faster (M = 608 ms, SD = 206.1) than the H group (M = 668 ms, SD = 214.5). There was a 

significant main effect of the movement direction on the RTs (p = .009): Once again, all of the 

participants were significantly faster in moving the joystick away from themselves (M = 625 ms, 

SD = 204.1) than in moving it towards themselves (M = 651 ms, SD = 220). 

 

Figure 4. Mean response latencies (in ms; ± SE) by movement direction (toward vs. away from the 
self). A) No hunger group; B) Hunger group. Same letters (presented alone or in a pair) on different 
bars indicate no significant differences between the mean values represented. Bars with no letters in 
common indicate that the means are significantly different at p < .0001, unless marked by an 
asterisk, in which case the significance level is p < .05. 
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Finally, there was no interaction between hunger state and movement direction. Unexpectedly 

however, the latencies of avoidance movements in the H group only were faster than those 

expressing approach (see Figure 4). 

Discussion 

The primary aim of the present study was to investigate immediate approach and avoidance 

motivations toward appealing and disgusting foods in hungry (but not deprived) and not hungry 

(but not satiated) healthy participants. Based on a within-participants experimental design, people’s 

approach-avoidance tendencies towards the foods were indirectly measured using a joystick-based 

AAP, and compared with explicit measures of pleasantness, wanting, and disgust to taste the foods 

“right now”. Importantly, to the best of our knowledge, this is the first study in which a set of 

images has been specifically designed to investigate motivational approach-avoidance responses, 

ruling out biasing visual factors, such as image composition and food presentation. Moreover, the 

joystick-based AAP was modified to follow a single block design, where compatible and 

incompatible test trials appeared randomly, and the movement direction was indicated with a 

valence-irrelevant feature, resulting in neutral (not confounded) task instructions, in order to avoid 

strategic or spontaneous simplifications or responses to the task. 

General comparison between explicit and implicit responses 

From the results of the two methods detailed above, there are several general differences but 

also a number of similarities that are worth mentioning between explicit and implicit responses. 

While the explicit responses showed expected contrasting ratings between food categories across all 

the participants (mainly opposing the positive images against the negative food images), among the 

implicit responses (i.e., RTs), these differences were also revealed in the approach movements, but 

mainly within the NH group. In addition to this, none of the explicit ratings for the negative images 
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differed between experimental groups, whereas avoidance (but not approach) movements for the 

negative images differed between the hungry and not hungry participants, the latter group reacting 

significantly faster. Some reverse patterns of results from the two tasks were revealed too. While 

the explicit pleasantness and wanting measures differed between the experimental groups for the 

positive and neutral food images, with hungry participants scoring higher than those who were not 

hungry, the implicit results did not exactly reflect this. Unexpectedly, the H group performed 

slightly slower approach movements than the NH group toward these two food categories. 

Taken together, these general differences and similarities suggest that, while the explicit ratings 

reflected attitudes that were more heavily based on the foods’ (visual and expected) qualities, and 

secondly on the hunger of participants, the implicit responses were primarily driven by their hunger 

state. Thus, the AAP uncovered motivational tendencies for all three food categories that were only 

revealed on the explicit ratings of pleasantness and wanting for the positive and neutral images. 

This result suggests that the technique for measuring implicit motivation tendencies, or implicit 

wanting (as several authors have referred to the outcome; e.g., Tibboel et al., 2011), might be more 

sensitive for the investigation of disgust and rejection responses among certain groups of consumers 

than explicit wanting questions. That said, it should be highlighted that a wanting VAS anchored 

with ‘not at all’ and ‘extremely’ could be considered as the explicit equivalent of approach, but does 

not really capture avoidance. 

As hypothesised, the majority of the results of the implicit measures showed similar trends, 

though not as extreme, as the explicit ones. This could have been due to several reasons and, by any 

means, suggests that the implicit results are less sensitive. In fact, through modifications of the AAP, 

existing criticisms and alternative explanations were addressed that support the validity of these 

findings. In the first instance, in the AAP, the participants were not asked to “push or pull” the lever 

(or the food image) away from, or toward, themselves, but rather just to move it in the direction of 
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the triangles shown. These neutral instructions as well as the single block task-design helped to 

minimize (not rule out) biased evaluative coding (Eder & Rothermund, 2008) and the tilted 

computer screen facilitated the impression of the self as a rather fixed point of reference (Seibt et al., 

2008). On the other hand, the contrasting explicit ratings given to the positive and negative foods 

could be explained by the fact that the questions referred to “tasting the food right now”. Thus, in 

the explicit task, the participants’ evaluations were based on the idea of having to consume the 

foods shown at that moment, and not merely on the appearance or on atemporal judgements.1 

Importantly, this difference in the instructions in and of itself does not justify the differences in the 

responses. In theory, techniques such as the AAP used here reveal automatic behavioural 

dispositions of approach and avoidance toward the stimuli without having to ask participants to 

imagine eating the foods shown. Nevertheless, it is certainly not our view that the explicit 

questionnaire and the implicit task (designed to measure aspects of incentive salience) reflect the 

same underlying processes (Berridge, 1996, 2009; Robinson & Berridge, 2008). For this very 

reason, these have been compared but have not been related directly. 

Provided that the explicit measures yielded reliable results (with face validity), next, possible 

explanations for the implicit results will be discussed. 

Investigating the implicit measures 

At first sight, it is relevant to highlight that the H group, on average, exhibited slower RTs than 

the NH group. Given that the task involved participants having to respond to a directional, valence-

irrelevant cue, a possible explanation for their slower RTs could be that their hunger state depleted 

the cognitive resources that these participants had available to perform this task (cf. Harmon-Jones 

& Gable, 2009). In addition, as mentioned before, the H group did not “discriminate” between the 

negative and positive foods in terms of their movement reaction (although a marginal effect was 
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observed when having to pull the joystick toward themselves, in favour of the positive foods), 

whereas they did for the neutral foods, unexpectedly, showing an avoidance reaction. This is a 

surprising result given that their reported wanting for the positive and neutral foods was 

significantly higher than for the negative ones. Nevertheless, the similar approach and avoidance 

RTs toward the positive and negative images could be explained by a number of other factors. On 

the one hand, it is possible that slower (than expected) avoidance movements for the negative food 

images were observed because they were more visually complex (as reported explicitly by the 

participants) than the positive (and neutral) images. Therefore, it is possible that this complexity 

may have delayed a pushing movement that would otherwise have been faster; and all said, this 

factor might also have resulted in enhanced pulling RTs. On the other hand, slower than expected 

approach movements for the positive images in the hunger group could be explained by the 

participants being attracted by them and spending longer looking at the foods. In combination, it 

seems that the cognitive resources required (regardless of whether automatic or not) during the 

presentation of the images, together with the participants’ traits and interoceptive state challenges 

the main purpose of implicit measures involving RTs, which one would expect to be obtaining 

straightforward matching stimuli-tendencies. However, perhaps counterintuitively, these factors that 

seemingly bias performance contribute to our understanding on how the individuals perceive and 

react toward the foods. 

Hoefling (2008) found, contrary to their own predictions, that approach indices towards 

palatable foods did not differ between food-deprived and satiated participants. In fact, the satiated 

participants’ immediate approach motivation towards palatable foods in their study was even 

stronger than that of the food deprived participants. In our study, while the NH group responded 

more rapidly when pushing the lever away than when pulling it towards themselves for both images 

(which shows more of a general avoidance tendency), when comparing their approach movements 
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towards the positive foods with those of the hungry group, faster responses were unexpectedly 

observed. This pattern of results might be explained by the assumption that two opponent processes 

were activated in hungry participants while being exposed with positive food cues. In particular, it 

might be that the positive food images were not only associated with approach motivational 

tendencies amongst these hungry participants (Seibt et al., 2007), but also with mixed feelings of 

craving and frustration (also, see Amsel, 1958, 1992; Drobes et al., 2001). Any such possible 

frustration could have triggered immediate consummatory impulses which could not be fulfilled in 

the experimental situation (see Postman & Crutchfield, 1952), hence the longer RTs in both 

directions for the positive images. Future research should therefore address whether informing 

participants that they will taste the foods after the task, or merely exposing them to the real foods 

(simultaneously presenting both visual and olfactory cues), would lead to more significant 

differences in the implicit motivational tendencies (which would be expected; Rogers & Hill, 1989; 

Spence, 2011). 

We further argue that hungry participants’ similar approach and avoidance motivational 

tendencies toward negative foods could be explained by an implicit reduction in disgust too, 

although this was not reflected at all in any of the explicit ratings (Hoefling & Strack, 2008). 

Although there is still disagreement about the exact mechanisms underlying an initiation of 

approach and avoidance motor actions (see Eder & Rothermund, 2008 for a discussion), there is 

reason to believe that the specific emotion of disgust is also linked to general motivational 

tendencies of approach and avoidance (Rozin et al., 1993). Provided that hunger reduces the disgust 

that is felt toward unpalatable foods, a stronger approach motivation amongst hungry participants 

would hence be a plausible consequence as well. The study by Hoefling and Strack suggests that 

changes in disgust might occur automatically; however, in the present study this explanation cannot 

be assured since our participants were not food deprived for more than 4 hours. 
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Concluding, the applied AAP methodology has been found to provide sensitive measures that 

could potentially help uncover both implicit approach and avoidance motivation tendencies and 

rejection motives toward different types of disgusting foods strategically modified in certain regards 

(Martins & Pliner, 2006). It might be relevant in order to discover neophilic/phobic traits among 

groups of consumers by presenting novel foods that to date might elicit rejection in western 

societies such as insect-based cuisine (Ceurstemont, 2013; Spence & Piqueras-Fiszman, in press). 

Methodological limitations 

Finally, some methodological limitations inherent in the present design should be 

acknowledged. First, although the order in which the direct and indirect tasks were presented was 

not counterbalanced across participants (purposely to avoid the cognitive effort of the rating task to 

bias the implicit responses of the AAP), it could be the case that performing the AAP, as well as 

completing the DEBQ before the direct rating task affected the participants’ explicit responses 

towards the foods. Second, controlling what the participants in the NH group ate before 

participating in the experiment was challenging and unfortunately providing a fixed standardised 

meal was not possible. Although a certain amount of time (10-15 min) was ensured before the start 

of the first measure, the type of food eaten might have also introduced bias in their responses (e.g., 

due to sensory specific satiety). 

Conclusions 

To conclude, the methodology developed in the present study, consisting of both direct and 

indirect techniques as well as a novel stimulus set, has been capable of differentiating between 

approach and avoidance motivational responses toward positive (appealing) and negative 

(disgusting) foods. This has been possible even among a sample of young generally normal weight 

and non-dieting participants. In addition, the methodology was shown to be sensitive enough to 
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reflect intermediate level implicit and explicit responses toward neutral foods. The two measures 

successfully discriminated between those participants who were hungry and those who were not. 

The explicit ratings reflected extreme conscious reactions (opposing pleasantness and wanting 

against disgust) toward the two valenced image sets, revealing a strong food product effect. On the 

other hand, the implicit responses (RTs) revealed closer motivational reactions toward the two food 

categories, more heavily influenced by the participants’ hunger state. In some cases, these even 

showed patterns of results that were pretty much the reverse of the explicit ones. 

Taken together, the results of the present study represent an advance on the study of both 

motivation tendencies towards differently valenced foods, reflecting the relevance of exploring 

them in a balanced manner, and the need to combine explicit and implicit measures to uncover 

people’s conscious and unconscious reactions. We believe that it represents a promising tool for 

those working in food development and in coordinating behavioural changes toward food 

behaviours to extend the knowledge on consumers’ tendencies towards novel or unfamiliar foods 

and on the appropriateness of foods in different eating situations. 

Footnote 

1. In the pre-test, several people pointed out that if they had to rate the images only in terms of 

appearance, their ratings, mostly those about disgust, would be more intermediate. 
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Abstract 

The Swipe Approach–Avoidance Procedure (SwAAP) is a novel, indirect measurement that 

assesses swipe movements by allowing participants to touch and move objects on touchscreens 

consequently inferring approach–avoidance tendencies without intermediate devices (e.g., joysticks, 

mice). The SwAAP is built on the idea that people generally approach things they like (i.e., 

decreasing the distance between themselves and the object) and avoid things they dislike (i.e., 

increasing the distance between themselves and the object). By varying the valence of the pictures 

(positive vs. negative) and the direction of the swipe movements (toward vs. away from the self) in 

the SwAAP, Study 1 finds promising compatibility effects for the time an image was swiped and 

(marginal significantly) for the distance, speed, and the pressure of a swipe movement. Study 2 

further compares the SwAAP with a standard joystick approach–avoidance procedure (AAP) in a 

within-subjects design and finds similar results.  
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RESEARCH ARTICLE 5 

-178- 
 

Introduction  

One principle long accounting for human behaviour is the differentiation between approach and 

avoidance motivation (Elliot, 2008). Both motivational tendencies are rudimentary, spontaneous, 

and highly adaptive reactions experienced by every organism (Schneirla, 1959). Motivation is 

generally believed to activate, move, and direct behaviour and, thus, to facilitate survival. The 

direction of behaviour, however, depends on the evaluation of the stimulus and its environment. 

Evaluations are often construed as the backbone of motivated reactions, so that a positive or 

negative evaluation of a stimulus is inherently linked to an approach or avoidance behaviour, 

respectively. That is, people generally approach things they like and avoid things they dislike.  

Often this evaluation–behaviour link also constitutes the foundation for empirical assessment of 

motivation. In the field of experimental psychology, approach–avoidance procedures (AAPs) are 

one class of implicit measures based on the idea that a positive stimulus facilitates approach 

tendencies and a negative stimulus leads to avoidance reactions. In his pioneering work on 

approach–avoidance reactions, Solarz (1960) discovered that participants pulled cards containing 

positively evaluated words toward themselves faster than cards containing negative words. In 

contrast, participants pushed cards with a negative content away from themselves faster than cards 

with a positive content. These general tendencies even hold when participants are instructed to map 

their responses according to an evaluation-irrelevant feature, such as the presentation time of a 

stimulus (Chen & Bargh, 1999), the rotation of a stimulus (Cousijn, Goudriaan, & Wiers, 2011), or 

the picture format (e.g., Langner et al., 2010; Wiers, Rinck, Kordts, Houben, & Strack, 2010). 

The cause and, thus, interpretation of these fundamental findings are still subject to debate. The 

most prominent explanation is that evaluative information induces motivational orientations and 

consequently facilitates approach–avoidance behaviour (Strack & Deutsch, 2004) through, for 

example, specific muscle groups (Cacioppo, Priester, & Berntson, 1993; Neumann, Förster, & 
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Strack, 2003) or distance regulation between the stimulus and the self (Seibt, Neumann, Nussinson, 

& Strack, 2008). In line with the first interpretation, the use of the arm flexor muscle would directly 

relate to approach reactions (e.g., pulling a stimulus toward the self) and the arm extensor muscle to 

avoidance reactions (e.g., pushing a stimulus away from the self). Nevertheless, research has shown 

that the same motoric pattern can translate into either approach or avoidance reactions, depending 

on the reference point taken by the subject (Markman & Brendl, 2005; Seibt, et al., 2008). If the self 

is taken as the relatively fixed point of reference, flexing the arm and moving the object toward the 

self decreases the distance between the object and the self, indicating an approach reaction. 

Conversely, if the object is taken as fixed, flexing the arm and pulling the hand in moves the self 

away from the object (the distance increases), indicating an avoidance reaction. A third 

interpretation challenges the former accounts and argues that approach–avoidance effects are 

confounded by evaluative coding processes—that is, they are caused by positive or negative 

connotations assigned to a particular motoric response, for instance, given in the instructions of a 

task (Eder & Klauer, 2007; Eder & Rothermund, 2008). Thus, faster reactions would typically occur 

when moving a joystick backward in response to positive stimuli and when moving the device 

forward for negative stimuli. However, the assigned response would often be confounded from the 

instruction of the task; for example, “pull” and “toward” have a positive valence, whereas “push” 

and “away” carry negative connotations. By changing the response labels to “upward” (positive) 

and “downward” (negative), Eder and colleagues were able to reverse the commonly found effects. 

However, recent work by Kriegelmeyer, Deutsch, De Houwer, and De Raedt (2010) tested these 

contradicting predictions and found support for the assumption that valence activates approach-

avoidance reactions independently of evaluative coding processes and intention.  

Despite immense technical advancements in computer hard- and software, one drawback of 

AAPs remains: in the vast majority of related empirical studies, participants sit in front of a 
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computer, respond to stimuli shown sequentially, and guide their motions using external devices 

(e.g., joysticks, keyboards). Thus, they never directly touch or move objects, which leaves room for 

different interpretations. Therefore, various remedies have been suggested to facilitate one reference 

point. For example, to foster a fixed reference point of the self, research has included visual flow 

effects to create the illusion of actual movements of the stimuli toward or away from participants 

(e.g., Rinck & Becker, 2007; van Dantzig, Pecher, & Zwaan, 2008). In contrast, the manikin task 

(De Houwer, Crombez, Baeyens, & Hermans, 2001) treats stimuli as relatively fixed in the centre of 

the screen, and the self (implied through a stick figure) is moved toward or away from the object. 

Although the manikin task is sensitive to and consistent with the applied reference point 

(Krieglmeyer & Deutsch, 2010), the movement of the self is still indirect and only transmitted 

through external keyboard buttons with assigned approach–avoidance responses.  

One possible solution to this drawback is to employ new technologies, such as touchscreens. 

Tablets and smartphones typically come equipped with a touch-sensing surface on which the user 

can interact directly with what is displayed. Consequently, fingers replace conventional computer 

mice, joysticks, and so forth. Yet only a few researchers have applied touchscreen monitors in their 

studies, such as in the context of a visual detection task (e.g., LoBue & DeLoache, 2008; LoBue & 

Matthews, 2014) or a “touch/don’t touch” paradigm (Bamford & Ward, 2008). So far, however, 

research has not exploited the full potential of touchscreens. Such technology may advance the field 

of approach–avoidance motivation beyond measuring general response latencies and toward 

assessing actual movements (e.g., pathways, distances) and their intensity (e.g., speed, screen 

pressure). Finger gestures are frequently used with popular touchscreen products and have become 

natural and intuitive. The swiping gesture in particular, which involves a quick sweeping motion, 

mimics actual movement; with touchscreen products, it typically aids in scrolling through 

documents and flipping pictures. 
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In this research, we incorporate these valuable insights from the literature and develop a novel 

procedure based on swipe movements—namely, the Swipe Approach–Avoidance Procedure 

(SwAAP). We use the SwAAP to assess automatically activated approach–avoidance tendencies 

without external response devices. The task employs the same reference point throughout by having 

participants directly touch and move the objects on the screen. It further applies identical (non-

confounded) instructions for both (compatible and incompatible) response tasks and therefore 

addresses the impact of evaluative coding. 

The SwAAP 

When performing the SwAAP, participants directly touch and swipe an image from the centre 

of the touchscreen into a target area, which appears randomly either at the upper or lower part of the 

touchscreen in every trial. With this protocol, we argue that participants are less likely to implicitly 

label their responses with evaluative codes because the target areas not only provide the opportunity 

for neutral, identical instructions for both response tasks but also combine both tasks in one 

common block. Such elimination of the typical block structure can minimize evaluative coding 

processes (within the Implicit Association Test, see  Rothermund, Teige-Mocigemba, Gast, & 

Wentura, 2009). Furthermore, by directly touching and swiping the stimuli, a participant is likely to 

view him- or herself as the fixed reference point, with the distance to the stimulus varying by direct 

movement. Consequently, if a participant swipes an image into the target area appearing in the 

lower part of the screen, the distance between the self and the object decreases, and the swiping 

motion can be construed as an approach tendency. However, a swipe away from the self, into a 

target area in the upper part of the screen, would represent an avoidance tendency because the 

distance between the self and the object is increased (Seibt, et al., 2008).  
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The SwAAP generally includes two independent design factors: the swipe direction (toward vs. 

away from the self) and the stimulus valence (positive vs. negative). Therefore, the possible 

combinations of both factors give rise to compatible and incompatible response tasks. A compatible 

trial results whenever a positive picture is swiped toward or a negative picture is swiped away from 

the self. In contrast, an incompatible trial requires swiping a positive picture away from or a 

negative picture toward the self.  

In the SwAAP, compatible and incompatible trials build the base for comparison on five 

outcome measures: (1) initial response time (i.e., time difference from the appearance of the 

stimulus until it is first touched), (2) overall swipe time (i.e., duration time from the moment the 

image is first touched until it is released), and (3) swipe pressure (i.e., normalized value, 

representing approximate pressure applied to the touchscreen). Furthermore, information on the 

swipe coordinates (sampled at a rate of 29–32 Hz) helps calculate (4) the swipe distance (i.e., vector 

between the first and last touched point) and (5) the swipe speed (i.e., swipe distance divided by 

swipe time). 

The present research  

This research aimed to test and validate the novel SwAAP. By manipulating the movement 

direction and using generic stimuli differing in their valence, we expected to reproduce compatible 

approach–avoidance effects (based on the interacting factors of direction and valence). In two 

studies, we investigated the SwAAP’s ability to assess these compatibility effects. Following 

previous work (e.g., Brendl, Markman, & Messner, 2005; Chen & Bargh, 1999), we further 

predicted faster general responses for positive (vs. negative) valenced stimuli. In Study 1, we 

explored the general capabilities of the SwAAP by examining natural swipe movements. 

Participants received no swipe instructions, and the swipe direction was indicated before the 
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stimulus appeared. We modified this in Study 2 by standardizing the starting procedure for swipes 

across participants and indicating the swipe direction together with the appearance of the stimulus. 

In addition, we compared the SwAAP to a joystick-based AAP.  

Study 1 

Method 

Participants  

Forty-five visitors (25 women, 20 men) of the Museum of Science and Industry in Chicago 

volunteered to participate in this study. Their mean age was 34.6 (SD = 13.5, min = 18, max = 64) 

years. Thirty-seven (eight) participants used their right (left) hand throughout the SwAAP. Only one 

person reported being unfamiliar with such a device; the rest rated their familiarity as, on average, 

5.2 (SD = 1.7) on a 7-point scale (1 = “not at all familiar,” 7 = “extremely familiar”).  

Design  

The study consisted of a 2  2 factorial design, with swipe direction (toward vs. away from self) 

and stimulus valence (positive vs. negative) as within-subject factors. The five dependent measures 

were response time, swipe time, swipe distance, swipe speed, and swipe pressure.  

Procedure 

Participants were placed at separate desks after signing a consent form. They were asked to sit 

directly in front of a tablet and to use only their dominant hand to swipe images. They were then 

instructed to “Please swipe the image into the indicated target area,” independent of the specific 

response task. We provided no further instructions regarding swipe movements. A short 
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questionnaire followed the SwAAP, including questions on gender, age, hand dominance, and 

familiarity with tablets. At the end, participants were fully debriefed.   

SwAAP  

Development of the SwAAP was a multi-step process, involving a cooperation of three 

programmers, with the goal to create a highly flexible tool that would allow various adjustable 

settings, selectable from a user-friendly menu in English. We therefore developed a customized 

Android application on which we could choose the parameters to be tracked and logged, modify 

instruction texts and basic design elements (e.g., background colour, target areas, fixation crosses), 

and adapt experimental design features (e.g., different randomization, error detection). With this 

application, we could also select the stimuli to be shown and control their appearance, animations, 

presentation duration, and scaling.  

The SwAAP was run on Nexus 10 tablets, rotated 90 degrees (portrait orientation) to maximize 

the length of swipe movements. The SwAAP was divided into three parts: (1) eight practice trials 

with neutral pictures; (2) 36 test trials with 18 positive and 18 negative pictures, displayed randomly 

in compatible and incompatible response tasks; and (3) 36 test trials with the same 36 pictures, 

though in an opposite task assignment than before. Each trial started with the presentation of a 

target area (i.e., blue rectangle, 1  7 cm) in either the upper or lower part of the touchscreen. After 

1,500 ms, an image appeared in the centre of the screen and covered approximately one-fourth of 

the white background. A swipe was considered correct, and thus marked the end of a trial, if the 

participant swiped a stimulus in the direction of the target area and the distance of the swipe 

exceeded the length of 200 pixels. Otherwise, an error message (i.e., “Swipe was not correct”) 

appeared, and the participant needed to swipe the stimulus again to continue the task.  
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Stimuli  

From the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008), we 

selected 18 positive (M = 7.33, SD = 0.52) and 18 negative (M = 2.67, SD = 0.45) pictures with no 

difference in their mean arousal, F(1, 34) = 1.59, p = .216. Furthermore, as practice stimuli, we 

selected eight neutral images (e.g., household items, patterns) with medium valence (M = 4.93, SD 

= 0.43) and low arousal (M = 2.73, SD = 0.17).  

Results and discussion 

We considered an individual error rate above 25% (more than 18 of 72 test trials) too high and 

therefore excluded eight participants. The average error rate of the remaining sample was 9.4%. The 

SwAAP registered swipes as incorrect (and participants received an error feedback message) if they 

were performed in the wrong direction or were exceptionally short (less than 200 pixels). Because 

no conventions exist on how to correct for outliers of swipe movements, we screened all five 

dependent variables for extreme values (+/– 3 SD from the sample mean of each DV) and excluded 

three additional participants who had more than 25% (more than 18 of 72 test trials) of their data 

outside these borders. For the remaining sample (n = 34), we applied individual cut-offs (+/– 2 SD 

from the individual mean of each DV) and only analysed correct trials that were not considered 

individual outliers. We ran hierarchical linear models on each dependent variable, with swipe 

direction and stimulus valence as within factors (see Table 1).  

Figure 1 illustrates a significant swipe direction  stimulus valence interaction for swipe time, 

F(1, 31) = 5.07, p = .024. Pairwise comparisons showed that the swipe time for negative pictures 

was significantly shorter when target areas appeared in the upper (estimated M = 594.63 ms; SE = 

62.87) than in the lower part of the touchscreen (estimated M = 633.48 ms; SE = 62.82; F(1, 31) = 

11.37, p = .001). In contrast, the indicated direction did not influence the swipe time for positive 
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images, F(1, 31) = 0.05, p = .823. Swipe distance, calculated swipe speed, and swipe pressure were 

(marginally significantly) qualified by a swipe direction  stimulus valence interaction: participants 

tended to swipe negative pictures farther, faster, and with higher pressure away from themselves. 

Finally, several significant main effects emerged for swipe direction, which point to ergonomic 

differences and two distinct hand movements (see Table 1).  

 

 

Figure 1. The influence of swipe direction and stimulus valence on swipe time (ms). Error bars 
indicate standard errors of the estimated means (Study 1, N = 34). 
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Specifically, we instructed participants to use only their middle finger and introduced a fixed area 

for the finger to leave from and come back to after each swipe. Third, to exclude the possibility that 

the results from Study 1 were due to the prior indication of the swipe direction (in Study 1, target 

areas were presented 1,500 ms before the actual stimuli), we synchronized the presentation of target 

areas and stimuli.  

Method 

Participants 

Ninety-eight visitors (53 women, 45 men) of the Museum of Science and Industry in Chicago 

participated in this study. Their mean age was 33.1 (SD = 13.6, min = 18, max = 64) years. Ninety-

one (seven) participants used their right (left) hand throughout the SwAAP and AAP. The 

participants reported being more familiar with a tablet (M = 5.4; SD = 1.8) than with a joystick (M = 

3.7; SD = 2.0; t(97) = 8.56, p < .001) on a 7-point scale.  

Design 

To compare the SwAAP with a joystick-based AAP, we chose a within-subjects design and two 

sets of stimuli. The order of both tasks and the two stimuli sets were counterbalanced. The SwAAP 

and the AAP followed a 2  2 factorial design, with movement direction (toward vs. away from self) 

and stimulus valence (positive vs. negative) as within-subjects factors.  

Procedure and material 

A session consisted of three parts: half the participants started the session with the SwAAP first 

(n = 50), and the other half performed the AAP first (n = 48). Then, all participants completed the 

remaining task. In both parts, participants were instructed to sit in front of the tablet (laptop and 
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joystick), to have their arm freely moving and not resting on the table, and to use only their 

dominant hand to swipe (to control the joystick). In the SwAAP, participants were also asked to 

leave the tablet lying on the table and to use only their middle finger to swipe images, with the other 

fingers stretched out and the hand kept open. This modification was based on the significant main 

effects of swipe direction and observations from Study 1. In Study 1, we observed that some 

participants swiped from their wrist and others swiped with their lower arm. To standardize the 

procedure, and because the wrist movement is ergonomically constraining for downwards swipes, 

we instructed all participants to perform the swipes with a straight wrist and by moving their lower 

arm. Finally, participants filled out the same questionnaire as in Study 1 and were fully debriefed. 

SwAAP  

The SwAAP started with eight practice trials and continued with 56 test trials that included 28 

positive and 28 negative pictures. As in Study 1, whether an image was presented in a compatible or 

incompatible trial was fully randomized. However, in Study 1 a second, opposite block was 

included, so every picture was swiped in both directions once. In Study 2, all 56 images were shown 

only once; thus, with randomization, some participants swiped more than half their images in one 

direction (see the results section for our solution to this conceptual bias). As another modification, a 

trial now started with a fixation cross in the centre of the screen; after 2,500 ms, a target area 

appeared and simultaneously the cross got replaced by a stimulus. This time extension between 

images (from 1,500 ms in Study 1 to 2,500 ms in Study 2) helped standardize the swipe movement 

across participants. Depending on their dominant hand, we marked an area (1.5  1.5 cm) on either 

the left or right side of the tablet frame and instructed participants (independent of compatible or 

incompatible trials) as follows: “Before every trial it is important that you “rest” your finger on the 

marked area. As soon as a picture appears, please swipe it into the indicated target area.” Finally, 
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we adjusted the programming to a less conservative error definition. We considered a swipe correct 

if the distance of a swipe exceeded the length of 50 pixels (and not 200 pixels as in Study 1) and the 

stimulus was swiped in the indicated direction.  

AAP  

The AAP was programmed to run in E-Prime Professional 2.0 (Schneider & Zuccoloto, 2007) 

and was presented on laptops with 14-inch screens. The procedure and design elements were 

identical to the SwAAP, except that a joystick (Extreme 3D, Logitech) was the external response 

device. Here, we changed the wording of the instruction to: “Please stir the joystick to move the 

image into the indicated target area.” Through practice trials, participants learned to push the 

joystick forward when a target area was shown in the upper part of the screen and to pull the 

joystick backward for target areas appearing in the lower part of the screen. This neutral instruction 

was chosen for the compatible and incompatible trials and included no evaluative codes. The 

participants held the joystick throughout the entire task, which standardized the start of a movement 

across participants. Finally, stimuli appeared and disappeared centrally, which eventually affected 

the illusion of the movement.  

Stimuli  

We selected 112 IAPS images and created two equal stimuli sets that did not differ in either 

their mean arousal, F(1, 108) = 0.20, p = .653, or their mean valence, F(1, 108) = 1.76, p = .187. 

Each set contained 28 positive (M1 = 7.26, SD = 0.61 vs. M2 = 7.09, SD = 0.48) and 28 negative (M1 

= 2.87, SD = 0.57 vs. M2 = 3.00, SD = 0.66) pictures. For the practice trials, we used the same 

neutral images as in Study 1. 
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Results and discussion  

The overall error rate was 3.7%, which is much lower than in Study 1. However, as described 

previously, the location of the target area changed randomly from trial to trial and therefore was not 

counterbalanced. This randomization method should not cause a bias on the sample level but might 

on the individual level. Therefore, we excluded 12 participants who swiped less than 25% (and not 

50%) of the images in one direction. As in Study 1, we screened all dependent variables for extreme 

outliers (+/– 3 SD from the sample mean of each DV) and excluded four participants who had more 

than 25% (more than 14 of 56 test trials) of their data outside these boarders. Then, for the 

remaining sample (n = 82), we applied individual cut-offs (+/– 2 SD from the individual mean of 

each DV) and only analysed correct trials that were not consider individual outliers (see Table 1). 

As Figure 2 (Panel A) depicts, a swipe direction  stimulus valence interaction significantly 

qualified the swipe speed, F(1, 79) = 6.18, p = .013. Pairwise comparisons revealed that participants 

swiped negative pictures significantly slower toward themselves (estimated M = 3.16 pixel/ms; SE 

= 0.18) than positive pictures (estimated M = 3.30 pixel/ms; SE = 0.18; F(1, 79) = 9.35, p = .002). 

In contrast, for pictures swiped away from the self, the swipe speed was about the same for both 

types of pictures, F(1, 79) = 0.31, p = .577. Furthermore, the swipe speed of negative stimuli 

(marginal significantly) differed as a function of the swipe direction, F(1, 79) = 3.69, p = .055. 

Finally, the swipe time was (marginal significantly) qualified by an interaction, such that 

participants took the longest time when swiping negative pictures toward themselves, which might 

indicate a less confirming movement.  

As expected, a significant main effect of the stimulus valence on initial response times emerged 

(see Table 1). Participants reacted generally faster to positive stimuli (estimated M = 937.04 ms; SE 

= 35.14) than to negative stimuli (estimated M = 982.34 ms; SE = 35.14), regardless of the indicated 

swipe direction. They also swiped positive images a significant longer distance than negative 
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images. By standardizing the swipes (e.g., usage of the middle finger, straight wrist), we hoped to 

lower the ergonomic differences in both hand movements. Indeed, we found significant main 

effects of the swipe direction in only two of five dependent variables (i.e., swipe time and swipe 

pressure).  

When we measured approach–avoidance tendencies with a standard, joystick-based AAP, a 

movement direction  stimulus valence interaction qualified response times, F(1, 79) = 8.81, p 

= .003 (see Figure 2, Panel B). Pairwise comparisons revealed that participants moved positive 

stimuli significantly faster toward themselves (estimated M = 780.91 ms; SE = 43.20) than in the 

opposite direction (estimated M = 825.63 ms; SE = 43.21; F(1, 79) = 15.35, p < .001); they also did 

so faster than negative stimuli swiped down (estimated M = 857.16 ms; SE = 43.21; F(1, 79) = 

44.53, p < .001). As expected, a significant main effect of stimulus valence on response times 

emerged (see Table 1). Participants responded generally faster to positive pictures (estimated M = 

803.27; SE = 42.83) than to negative ones (estimated M = 855.47; SE = 42.83). Finally, a significant 

main effect of the movement direction also qualified response times (see Table 1).  
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Table 1.  
Fixed main effects of valence, direction and their interaction. Results from hierarchical linear models for both studies. 

 

Response time Swipe time Swipe distance Swipe speed Swipe pressure  Response time (AAP) 

F p F p F p F p F p F   p 

Study 1 (n = 34) 

Swipe direction 0.24 .623 6.54 .011 74.41 .000  20.61 .000 18.80 .000 

Stimulus valence 0.00 .959 0.12 .725 0.70 .402  1.47 .225 0.02 .878 

Interaction 1.68 .195 5.07 .024 3.59 .058  3.08 .079 2.71 .100 

Study 2 (n = 82) 

Swipe direction 0.11 .736 28.60 .000 3.34 .068  0.06 .815 23.11 .000  6.51 .011 

Stimulus valence 39.88 .000 2.67 .103 4.05 .044  3.19 .074 2.86 .091  41.53 .000 

Interaction 0.01 .929 3.03 .082 1.79 .181  6.18 .013 0.01 .926  8.81 .003 
 
Notes. In Study 1, the swipe direction was indicated before the stimulus appeared, and participants received no swipe instructions. In Study 
2, the swipe direction was indicated together with the appearance of the stimulus, and a fixed area on the frame of the tablet was introduced, 
to standardize the start of a swipe. 
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Figure 2. A) The influence of swipe direction and stimuli valence on the swipe speed (SwAAP); 
and B) the general response time (AAP). Error bars indicate standard errors of the estimated means 
(Study 2, N = 82).  
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General discussion 

In two studies, we explored and tested a novel procedure to measure approach–avoidance 

tendencies indirectly; that is, we used the SwAAP to assess swipe movements of participants who 

directly touched and moved images on a touchscreen-based tablet. Findings were multi-layered: not 

only was the SwAAP capable of assessing differences in approach responses between positive and 

negative stimuli, but it also revealed compatibility effects in several swipe-related measures. In 

detail, we expected to find faster response latencies for positive and negative stimuli. In Study 1, 

pre-presented target areas most likely interfered with and even masked such an effect. However, 

after standardizing the swipe movements (e.g., usage of the middle finger, straight wrist) and 

simultaneously presenting stimuli and target areas in Study 2, we found faster responses for positive 

than negative images. Furthermore, the results of both studies revealed swipe speed and swipe time 

as highly promising indicators of approach–avoidance tendencies. Specifically, participants swiped 

negative images for a longer time and with a slower speed toward themselves than in the opposite 

direction, and compared to positive stimuli swiped towards them. Marginal significant compatibility 

effects in Study 1 further suggested that participants swiped negative pictures less closely and with 

less pressure toward themselves.  

When we compared the SwAAP with the joystick-based AAP in a within-subjects design in 

Study 1, it seemed that the same approach–avoidance effects were pronounced differently. 

Compatibility effects in the SwAAP were mainly driven by the effect of swipe direction in negative 

valenced stimuli, whereas the results of the joystick-based AAP were pronounced through effects in 

positive valenced stimuli. Therefore, we could argue that the SwAAP assessed approach–avoidance 

tendencies more thoroughly and sensitively by recording one response- and four movement-related 

measures, whereas the AAP bundles everything into one general response measure. The AAP 

exposed the expected valence effect, thus assessing generally faster responses for positive than 
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negative images. This was then mirrored in the interaction effect, which was mainly driven through 

positive valenced images (see Figure 2, Panel B). In contrast, the SwAAP also revealed a significant 

main effect of stimulus valence in the general response latencies; however, its compatibility effects 

occurred in other (movement-related) measures, such as the swipe speed and swipe time. Another 

explanation could lie within the nature of the two tasks. In the SwAAP, participants directly 

touched and interacted with the stimuli. Perhaps bringing something extremely negative close to 

their bodies was conflicting, leading to longer swipe times, slower swipe speed, shorter swipe 

distances, and lesser swipe pressure. In the AAP, participants only viewed and externally moved 

images with a joystick; thus, general stimulus valence effects might have driven approach–

avoidance tendencies.   

By indicating the movement direction through target areas in the SwAAP and AAP, and 

therefore combining compatible and incompatible trials in one common block, we were able to use 

identical and neutral instructions for both response tasks. Furthermore, at the end of Study 2 we 

asked participants “Did you use a personal strategy to make the viewing tasks easier? If you 

answered yes, can you shortly describe your strategy?” In total, 36.7% indicated having used some 

sort of strategy; however, a content analysis revealed that the strategies were not related to 

evaluative coding (e.g., labelling a direction as positive or negative), nor were confounded codes 

such as “push” or “pull” reported. From our procedure and these supplementary data, it seems 

unlikely that evaluative coding affected our findings.  

Given these initial, promising results, further research into the validity of swipe movements 

would be highly valuable. Adopting a correlational approach would be useful to examine 

convergent and discriminant validity further, for example, with regard to explicit scales. Moreover, 

the task could be combined with experimental manipulations to investigate when and why 

approach–avoidance tendencies as measured with the SwAAP translate into consumption behaviour. 
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In addition, the SwAAP could be validated through a known-group approach. Especially in the 

context of group comparisons, such as between people with arachnophobia and normal participants, 

the swipe pressure may add novel information in discriminating these groups. Finally, if validated, 

the SwAAP could be applied in various contexts; for example, it would likely find favour in applied 

market research (e.g., to investigate approach tendencies toward consumer products) as well as in 

an addiction or health psychological context. The SwAAP could even be used for people who 

interact with each other—for example, to investigate whether objects are approached or avoided and 

therefore swiped differently when another person (e.g., own child) sits across the table.  

Conclusion 

The SwAAP is a promising tool that relies on natural, intuitive swipe movements and assesses 

approach–avoidance tendencies without intermediate devices (e.g., joysticks, mice). By allowing 

people to directly touch and move objects, the SwAAP facilitates one perspective and emphasizes 

the self as the fixed reference point. Furthermore, it allows non-confounded instructions and 

randomly changing compatible and incompatible response tasks. Thus, the SwAAP is a highly 

flexible application that allows for various modifications, tailored to specific research questions.  
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The research presented in this dissertation had the objective to develop, test and evaluate 

procedures for the indirect measurement of motivational tendencies to approach or avoid specific 

objects. Although interrelated, each of the five research articles included in the dissertation 

approached this objective from a slightly different angle. My point of departure was measurement—

specifically, two families of procedures for the indirect measurement of evaluative and motivational 

constructs, the Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998) and the 

Approach-Avoidance Procedure (AAP; e.g., Chen & Bargh, 1999; Solarz, 1960). Both were 

introduced and discussed in detail in the first chapter of this dissertation.  

The first three research articles focused on the IAT and different procedural variations of it. 

The fourth and fifth article focused on the AAP. With the exception of the fifth article (which 

presents initial evidence about the newly developed Swipe Approach-Avoidance Procedure; 

SwAAP), all other articles used validation designs in which the measurement procedures were 

applied in a consumer research context, involving different kinds of foods as target products. The 

first two articles followed a classical, “correlational” validation approach. Individual-difference 

measures derived from the different test procedures (D-scores) were evaluated and compared in 

terms of their convergent, discriminant and predictive validities. The third and fourth article 

followed an experimental, “nomological” validation approach. Need states were experimentally 

varied between groups of participants (operationalised via food deprivation), and we tested whether 

group differences on the measures resulting from our test procedures followed the theoretically 

hypothesised patterns. The fifth article reported initial tests of a completely new procedure to 

measure approach-avoidance tendencies and discussed potential benefits of this procedure.  
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Specific contribution of each research article 

Research article 1  

Many indirect measurement procedures have their roots in attitude and social cognition 

research (Nosek, Hawkins, & Frazier, 2011) and were originally intended to measure evaluative 

processes. Staying in this area, the first paper in this dissertation compared the validity of the most 

widely applied of all indirect measures, the classical IAT, to two recently published procedural 

variations, the Single-Block IAT (SB-IAT; Teige-Mocigemba, Klauer, & Rothermund, 2008) and 

the Recoding-Free IAT (IAT-RF; Rothermund, Teige-Mocigemba, Gast, & Wentura, 2009). 

Although frequently cited in the literature, these new IAT paradigms have rarely been empirically 

applied, and little evidence exists regarding their ability to predict actual behaviour. My first 

research article contributes to the indirect-measurement literature in a significant way as it is the 

first study that directly compares the two new IAT paradigms to the classical IAT in one single 

experimental design.  

I believe that the findings offer valuable insight into the differential validity of the three 

paradigms. In this study, the IAT-RF was clearly superior to its two competitors. The classical IAT 

performed in line with what could be expected from meta-analyses of the existing literature (e.g., 

Greenwald, Poehlman, Uhlmann, & Banaji, 2009; Hofmann, Gawronski, Gschwendner, Le, & 

Schmitt, 2005): biases due to task order, low to medium convergent and discriminant validities with 

respect to self-report measures, and low to medium predictive validity with respect to actual 

behaviour. The lacklustre performance of the SB-IAT was quite unexpected and therefore discussed 

in more detail in the paper. One of the avenues we suggested for further research was to evaluate 

the discriminant validity of indirect measures of evaluation with respect to indirect measures of 

motivation. This was taken up in the second article in this dissertation.  
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Research article 2 

Addressing the overall aim of this dissertation and following up on the conclusions of the first 

paper, the second article reports two empirical studies in which we tested, evaluated and compared 

the validity of indirect measures of evaluation and indirect measures of motivation. The classical 

IAT and its most promising procedural variation, the IAT-RF, were used in their usual evaluative 

form as well as in a modified form designed to capture individual differences in motivational 

tendencies to approach or avoid particular objects (again, we used two consumer food products as 

targets ). In general, this article contributes to the literature on motivational adaptions of the IAT—a 

literature that is still rather limited and mainly based on studies conducted in the context of alcohol 

abuse. Specifically, the article offers insight into the validity of the IAT-RF when used with 

motivational attribute categories instead of the usual evaluative ones. This has only been 

investigated once before (see Kemps, Tiggemann, Martin, & Elliott, 2013).  

Findings in the existing literature show an inconsistent pattern: some studies found evidence for 

discriminant validity of evaluative versus motivational IATs (e.g., Türk Pereira, 2010; Wiers, Van 

Woerden, Smulders, & De Jong, 2002) and concluded that they capture different processes. Other 

studies, however, could not replicate these findings (e.g., Tibboel et al., 2011). Although it was not 

our original aim to contribute to the debate on the nomological validity of the distinction between 

motivation and evaluation, we offer a possible explanation for the inconsistent pattern of results in 

the existing literature: a methodological problem of the classical IAT, known as recoding, could 

simultaneously affect motivational and evaluative versions of the test, caused shared method-

specific variance and thereby led to artificially inflated estimates of the correlation between the 

underlying constructs. Empirically, we compared the motivational IAT and the motivational IAT-

RF to their standard evaluative test variants and found support for our hypothesis. Also, our 

findings corroborated the superiority of the IAT-RF (and especially its motivational variant) over 
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the classical IAT in terms of its predictive validity with respect to actual behaviour. This is a 

constructive result in itself as it suggests that tests based on the IAT-RF paradigm are the preferable 

method in studies that aim to predict behaviour. In a wider sense, these findings from this study also 

support current efforts towards better integration of motivational concepts in theories of social 

cognition.  

Research article 3  

The third research article builds on the first two articles and specifically examines the 

discriminant validity of motivational and evaluative versions of the IAT-RF under different 

experimental conditions. Whilst the first two articles followed a “correlational” validation approach 

and focused on individual differences, the third paper followed an experimental approach. Different 

need states were induced in groups of individuals (food deprivation) as an experimental 

manipulation of their tendency to approach or avoid food items. Specifically, the motivational IAT-

RF successfully measured different motivational approach tendencies towards two kinds of food, 

whereas the evaluative variant successfully assessed general positive associations towards both 

products in the two experimental groups.  

By experimentally testing the motivational and evaluative versions of the rather recent IAT-RF 

paradigm, the study not only contributes to the literature on indirect measurement procedures but 

also tries to bridge two research fields—behavioural nutrition and implicit social cognition.  

Normative standards for indirect measures have recently been established in social cognition (De 

Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009). Hence, they could become relevant 

methodologies for the assessment of “wanting” versus “liking” components of food reward, 

constructively contributing to the wanting-liking debate (i.e., Finlayson & Dalton, 2012; Havermans, 
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2011, 2012) and more generally help to establish a common language which both fields could 

greatly benefit from.   

Research article 4  

The first three articles relied on variants of the IAT, whereas the fourth and fifth article used 

variants of the AAP. The fourth article reports a study in which motivational tendencies to approach 

or avoid different food items were indirectly measured using a standard, joystick-based AAP. 

Besides the studies conducted by Hoefling (2008), this is the first study in which tendencies to 

approach appealing (positive) and avoid disgusting (negative) foods were tested in groups of 

participants who varied in their state of hunger (i.e., hungry but not deprived vs. not hungry but not 

satiated). Previous studies often used food items as exemplars of a positive category and related 

them either to neutral or food-unrelated stimuli (e.g., Hoefling & Strack, 2008; Seibt, Häfner, & 

Deutsch, 2007; Türk Pereira, 2010). However, not much research has previously been conducted 

considering the hedonic aspects of the food itself.  

Our findings demonstrated the expected approach-avoidance compatibility effect: a significant 

interaction of stimulus valence and direction of movement. In fact, this effect was mainly driven by 

disgusting food stimuli that were pushed away much faster compared to the opposite direction. 

Furthermore, differences between the experimental groups pointed to the sensitivity of the indirect 

measure. Participants in the no-hunger group were significantly faster to push the joystick away 

from themselves (compared to towards themselves) and also reacted more rapidly to appealing 

foods (compared to disgusting foods). In contrast, the group that was in a physical state of hunger 

was less sensitive with regard to both kinds of food images and differences in movement directions, 

possibly reflecting effects of depletion, frustration or a reduced level of implicit disgust.  
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Besides implicit responses that were collected with the joystick-based AAP, explicit 

evaluations of pleasantness, wanting, and disgust of the presented foods were assessed and 

compared between the two experimental groups (not on an individual level). Interestingly, the self-

report measures mainly discriminated between the different food items, whereas the indirect test 

data were mainly sensitive to the manipulation of the motivational need state (hunger). Overall, the 

study results stress the relevance of exploring motivational approach and avoidance tendencies in a 

balanced manner, as well as the need to combine direct and indirect measurement procedures to 

uncover people’s more deliberated and impulsive reactions.  

Research article 5 

Finally, the fifth research article included in this dissertation introduced a novel and innovative 

indirect measurement procedure – the SwAAP. Similar to the standard AAP, the SwAAP is based 

on the idea that people generally approach things they like (i.e., decreasing the distance between 

themselves and the object) and avoid things they dislike (i.e., increasing the distance between 

themselves and the object). However, the SwAAP assesses motivational approach-avoidance 

tendencies directly by allowing individuals to directly touch and move stimuli on a tablet 

touchscreen instead of tracking responses that are transmitted through external response devices 

such as joysticks, mice or response boxes. Also, the SwAAP offers far more dependent measures in 

comparison to the standard AAP. Besides the commonly measured response time, the SwAAP logs 

the total time the stimulus was touched, the coordinates of the swipe movement (at a sample rate of 

30 Hz) and even the pressure that was applied to the surface of the touchscreen. It further calculates 

the distance as well as the mean speed of the swipe movement. The SwAAP is a highly flexible 

application that allows for various modifications that can be tailored to specific research questions.  



GENERAL DISCUSSION 

-206- 
 

Besides these technical advantages, the SwAAP addresses some major drawbacks that have 

been criticised in the standard AAP: first, since the SwAAP is based on swipe movements (i.e., 

quick sweeping motion), it facilitates one perspective and emphasizes the self as the fixed reference 

point. Hence, therefore offers a consistent solution to the reference-point dependency of approach-

avoidance effects (Seibt, Neumann, Nussinson, & Strack, 2008). Second, the SwAAP uses neutral 

instructions in the task descriptions and strictly avoids positive or negative connotations (e.g., pull 

vs. push include confounding connotations). Finally, it employs a task structure where compatible 

and incompatible response tasks change at random and therefore avoids a fixed block structure.  

General contribution, reflections, and avenues for future research  

Generalisability of the findings 

I believe that the findings reported in this dissertation can be generalised to a certain extent. In 

the first three research articles, certainly no great variety of stimulus items was used (see chapter 

“Appendix”). One could therefore question whether the results obtained with the IAT and IAT-RF 

can be generalised beyond the snack foods that were used as target products in the respective 

studies (i.e., sweets and sandwiches). However, one should not forget that the present research took 

its point of departure in the massive literature on the validity and reliability of the IAT and its 

applicability in almost any possible context. The validation approach taken in the first two research 

articles, with two very similar target products that were chosen from the same product category 

(sweets) and only differed in terms of their sensory dimensions, should therefore be seen as an “acid 

test”—a contribution with particularly strong internal validity—rather than a limitation.  

The IAT-RF, on the other hand, is a fairly recent measurement tool that has not been tested 

much beyond its original publication. Rothermund and colleagues (2009) focused on testing their 

assumption that the IAT-RF would minimise recoding processes. Its predictive validity has only 
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been assessed once in an alcohol abuse context (Houben, Rothermund, & Wiers, 2009). Two further 

applications were in the context of food cravings (Kemps, et al., 2013) and in trainings to reduce 

children’s fear of animals (Huijding, Muris, Lester, Field, & Joosse, 2011). In the research reported 

in this dissertation, the IAT-RF (and especially its modified motivational version) has consistently 

shown a very high predictive validity and good convergent and discriminant validity. Certainly, 

much more research is needed, both outside and within the food domain. For example, could the 

modified motivational IAT-RF also be used to measure tendencies to approach or avoid very 

complex foods (e.g., complete meals including meal centres, side dishes, desserts and beverages)? 

Where are the boundaries? Could one measure approach-avoidance tendencies toward different 

flavours? What about other categories of consumer products, for example consumer durables? And 

possibly even services?  

The answers to many of these questions may be of a rather practical nature. The classical IAT 

is known to be influenced by its category labels as well as by the instances that represent these 

categories (e.g., Bluemke & Friese, 2006; De Houwer, 2001; Steffens & Plewe, 2001). The first 

effect is often desired, whereas the latter is typically unintended—a biased stimulus selection could 

greatly distort the magnitude and direction of the IAT effect. However, according to Rothermund 

and colleagues (2009), the IAT-RF should be less prone to biasing influences of stimulus selection. 

This is relevant to the question about complex foods as approach-avoidance tendencies can only be 

measured towards the whole stimulus set; it will not be identifiable which component drove the 

motivational orientation.  

Consider a modern vegetarian meal (vegetarian lasagne, salad, chocolate pudding and juice) 

and a stereotypically German meal (Schnitzel and potatoes, Pretzel, Kuchen and beer) as examples. 

Teige-Mocigemba, Klauer and Sherman (2010) recommend that the selected stimuli should be 

representative for the categories chosen (e.g., images of the entire meal and not images that 
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represent the individual components) and that they should not be confounded with the attribute 

category (e.g., relatively more appealing German-meal stimuli vs. relatively more unappealing 

vegetarian-meal stimuli).  

This also applies to stimuli that are used in an AAP or SwAAP. In these procedures, however, 

no categories are explicitly given; the distance to the body represents the “attribute” category. 

Therefore, almost any class of target stimuli (e.g., words, images, real products) can be used and 

analysed at the item level (e.g., single components of a meal) as well as the category level (e.g., 

vegetarian, German, Danish, Spanish meal). The fifth research paper used very general stimuli (see 

“Appendix”) but at this point it is not quite clear (yet) if the SwAAP is also sensitive enough in a 

narrower context.  

Is there a “best” indirect measurement procedure?  

Various indirect measurement procedures were investigated in this dissertation. Due to the 

particular foci and approaches in the different research articles, the measures were not always 

analysed on the same level of aggregation and were not always compared in terms of the same 

criteria. However, I believe that this should not be seen as an inconsistency but as a strength of this 

work. After all, the IAT and its variants and the AAP and its variants are based on the same logic: a 

seemingly irrelevant stimulus elicits an impulsive reaction that either facilitates or inhibits rapid and 

correct responses in a primary task. Beyond this similarity, the measures tested here are quite 

diverse, and the reader may wait for an overall conclusion pointing towards the “best” indirect 

procedure to assess motivational approach-avoidance tendencies. Unfortunately, such a conclusion 

cannot (yet) be drawn based on the research presented here or on the existing literature. Instead, I 

would like to emphasise once more that each indirect procedure has its advantages and 

disadvantages and should be chosen based on the specific research question. 
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Without doubt, the classical IAT is the most widely applied of all indirect test paradigms. A 

massive literature exists, including numerous studies that have shed a rather critical light on its 

validity. The results of the research presented in this dissertation point in such a critical direction 

too. However, the conclusion is also a constructive one: the findings demonstrate that the IAT-RF is 

a serious and quite possibly superior alternative: it has shown an excellent performance, stable 

across all experiments in which it was applied. Especially the results in the first two articles were 

highly consistent and comparable since the same general approach was followed and identical 

consumer products were used as targets.  

Even though the IAT-RF addresses the confounding influences of recoding processes, its 

general task structure still leads to potential limitations. Like the classical IAT, the IAT-RF is rather 

flexible and can be modified to assess different types of associations (e.g., based on evaluative, 

semantic, behavioural dimensions) with various kinds of targets (e.g., individuals, objects, products). 

However, in the end, pairs of concepts are compared here too. This is not necessarily a limitation in 

research but it may prevent practitioners from applying such techniques in the “real” world. In a 

marketing context, for instance, it rarely happens that there is only one competing brand or product 

that could be used as the contrasting category; often, a variety of brands, products and choices are 

available. Consequently, the overall task structure of an IAT or IAT-RF is comparative, which leads 

to relative results. As an arbitrary example, consider an IAT D-score that indicates faster consumer 

responses when “Pepsi” is combined with “positive” stimuli and “Coca-Cola” with “negative” 

stimuli, compared to the opposite combination. This positive score would be interpreted as a 

relative preference for Pepsi over Coca-Cola. However, it is not actually distinguishable which 

associations are responsible for such an IAT effect––was the positive score a result of positive 

associations with Pepsi or negative associations with Coca-Cola (for a discussion, see Blanton, 

Jaccard, Gonzales, & Christie, 2006)? Neither the IAT nor the IAT-RF offer a satisfactory solution 
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to this problem. A number of single-concept paradigms have to circumvent the relativeness of IAT 

results (see chapter “Descendants of the IAT”) and even to measure multiple target objects 

(Bluemke & Friese, 2008). However, the results are not consistent, and such paradigms still face 

many challenges (for a discussion on single-concept IATs, see Gawronski, Deutsch, & Banse, 

2011).  

The AAP and the SwAAP are much less constrained by their task structure and can assess 

approach-avoidance tendencies towards a single stimulus as well as towards general categories. The 

AAP and especially the SwAAP would therefore more likely find support in applied research, for 

example to investigate approach tendencies toward various consumer products. However, there is 

no literature related to the AAP (or the SwAAP) that would in any way be comparable to the 

massive number of investigations of the psychometric qualities of the IAT. Despite my enthusiasm 

for the SwAAP and possible ideas about how to use it in future research (see chapter “Research 

article 5”), the measure still is at an immature stage. Even though the SwAAP replicated the basic 

congruency effect, it is not (yet) well validated, and so it is (as yet) also still unclear if the SwAAP 

is really superior to the standard AAP. Furthermore, it has also not been tested if the measure 

indeed limits the occurrence of evaluative coding (Eder & Rothermund, 2008), as it was recently 

shown, for instance, in the measurement of facial movements (Neumann, Lozo, & Kunde, 2013).  

However, the SwAAP seems almost predisposed to me to address broader questions. According 

to Lewin (1936; but also see Strack & Deutsch, 2004), motivation can be described along two 

dimensions, intensity and direction. The only indirect procedure capable of measuring both 

dimensions at the same time seems to be the SwAAP. It tracks changes in swipe direction as well as 

the distance, speed and pressure of a swipe movement, indicating the intensity. Furthermore, the 

SwAAP could be useful to differentiate (and possibly time) different phases of approach-avoidance 

behaviour, such as recognition and reaction phases. For instance, does an approach-avoidance 
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movement start at the moment a hand moves or when an image is initially touched? By 

standardising the start of the swipe movement (e.g., a specific area on the screen that must be 

touched; see chapter “Research article 5”, Study 2) and logging the time the object appears, the time 

the finger releases the area and the time the finger touches the object, such differentiations could be 

measured.  

Finally, a general drawback of most of the indirect measurement procedures that have been 

tested in this dissertation is their total duration. The approximately twelve minutes that it took to 

perform the IAT-RF seem limiting, especially in an applied setting. However, reducing the number 

of practice and test trials could affect the reliability of the mean response time. In contrast, the 

SwAAP requires much less time: 36 stimuli that were shown twice took participants on average five 

minutes.  

From here to there 

This dissertation discusses and proposes several indirect procedures to measure motivational 

tendencies towards specific objects. From a theoretical rather than psychometric point of view, one 

might ask how to get from impulsive tendencies (that we claim to have measured with, for example, 

the motivational IAT-RF, IAT, AAP or SwAAP) to observable behaviour? The basic assumptions 

of this dissertation derived from a currently very influential dual-process theory, the Reflective-

Impulsive Model (RIM; Strack & Deutsch, 2004; see chapter "Introduction"). Specifically, I assume 

throughout my research that indirect measurement procedures mainly reflect processes of the 

impulsive system and that direct measures mainly reflect processes of the reflective system (see 

Deutsch & Strack, 2010). According to the RIM, the two systems interact and determine behaviour 

through a common pathway. The general framework of the MODE model (Fazio, 1990; see chapter 

"Introduction") helps to understand how these complex processes are moderated by personal and 
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situational factors. Deutsch and Strack (2010) are even more precise and argue that non-reflective 

processes (i.e., implicit social cognition) may have a direct but also several indirect effects on 

behaviour, mediated by person-related factors (i.e., behavioural intention, goals, habits, schemata, 

scripts, motivational orientation, reflexes). 

Somewhat intimidated by the answer above, one might still ask how useful it then is to measure 

implicit processes at such an early stage of this seemingly long chain of interlocking behaviour 

regulation processes? To me, the answer is as beautiful as it is simple, and it relates the end of this 

dissertation back to its beginning. Imagine you are on a diet. Imagine you have to write a paper 

before tonight. Imagine you come across an open box of pralines next to the coffee machine in your 

department kitchen. However, you are not alone and a PhD student hands you a paper-pencil 

questionnaire…    

Closing thoughts 

I want to finish this doctoral thesis with the same words I started it. By assessing motivating 

tendencies rather than thoughts, the prediction of behaviour becomes narrow: 

 

There are few who at once have thought and the capacity of action.  

Thought expands, but lames: Action animates, but narrows. 

 

Ever since, predicting behaviour has been a crucial aim of psychological research. Even though 

the models and theories seem advanced, much is still to be done. This dissertation tested, improved, 

and proposed new instruments that can quite accurately measure motivational approach-avoidance 

tendencies. The terrain seems prepared for the next steps.  
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Research article 1 & 2 

Vingummi vs. Lakrids  

 

Hen til vs. Væk fra  

 nærme sig, tilnærme, hen til, hen imod, frem mod, fremad 

 undgå, undslippe, undvige, væk fra, flygte fra, fjerne sig 

Positiv vs. Negativ  

 ferie, fred, glæde, kærlighed, paradis, positiv 

 død, grusom, krig, negativ, ringe, smerte  
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Research article 3 

Sandwich vs. Slik  

 

Hen til vs. Væk fra  

 nærme sig, tilnærme, hen til, hen imod, frem mod, fremad 

 undgå, undslippe, undvige, væk fra, flygte fra, fjerne sig 

Positiv vs. Negativ   

 ferie, fred, glæde, kærlighed, paradis, positiv 

 død, grusom, krig, negativ, ringe, smerte  
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Research article 4 

Appealing  
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Disgusting  
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Neutral  
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Research article 5 

Negative – Test set 1 
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Negative – Test set 2 
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Positive – Test set 1 
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Positive – Test set 2 
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