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Abstract Among frequently used motivation theories some are built on the premise of

work happening in the 60s and 70s. Since work life has changed dramatically the

question arises whether these theories are still valid. This study validates the long-

standing need theory of McClelland (Am Psychol 40(7):812–825, 1985. doi:10.1037/

0003-066X.40.7.812) using neuroscientific methods as a new lens of analysis. It

neurally tests the assumptions that (1) heterogeneous rewards may result in similarly

rewarding effects and (2) that these effects are enhanced if a reward closely matches an

employee’s need. Therefore, we conducted an fMRI-study (n = 44; 29$;

Mage = 25.00, SDage = 2.26) in which participants completed decision tasks before

receiving the heterogeneous rewards high income, respectful leadership and a com-

pany car. Additionally, participants provided information on their need for achieve-

ment, affiliation and power. Results show that the heterogeneous types of rewards lead

to overlapping neural activations in parts of the brain’s reward circuitry, such as the

putamen or caudate. Additionally, each of these rewards uniquely activates brain areas

not stimulated by other reward types. A closer matching between the type of reward

and the participants’ individual needs results in stronger neural activations in the

reward circuitry. These findings support and enhance key assumptions of need theory

on a neural level and further promote a personality-based approach to work motiva-

tion. From a practical standpoint they suggest need-tailored reward systems for

organizations and an increased use of rewards other than money.
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1 Introduction

Motivated employees are considered a key factor in competition, for which reason it

is in companies’ best interests to motivate their staff. The importance of employee

motivation has led to much research devoted to this topic. Despite this effort, Steers

et al. (2004) concluded that the research on work motivation has not kept pace with

developments in other fields of management and that recent textbooks still rely on

theories from the 1960s and 1970s. In spite of these theories’ value, it is evident that

they are shaped by the understanding of work happening in the 1960s and 1970s.

However, work in general and work environments in particular have changed

dramatically over the last few decades: increasing diversity, shifting job require-

ments, new information technologies, innovative forms of organization, changed

power distributions and hierarchies as well as increasing globalization are just a few

characteristics that describe modern work settings (Steers et al. 2004). Therefore,

there is a clear need to carefully consider whether motivation theories commonly

used today but rooted in earlier times are still valid. The current study accounts for

this requirement and aims at validating a long-standing motivation theory.

In addition to work environments, changes can also be seen regarding the

methodological approaches that may be used to validate motivation theory.

Contemporary neuroscientific methods provide new possibilities and may help to

capture new insights into the question of subconscious motivation processes and the

functionality of rewards. They provide a new lens through which one of multiple

layers of analysis can be explored (e.g. Cacioppo et al. 2007; Lee and Chamberlain

2007; Ochsner and Lieberman 2001). Adding a neural layer of analysis to existing

ones (e.g. social or cognitive layers of motivation theory) may help to establish a

more valid and more holistic theory of work motivation. Driven by these

advantages, the current study acts on the recommendation to use modern

neuroscientific methods for validation purposes (e.g. Locke and Latham 2004).

In our study we draw on McClelland’s (1985) need theory. In short, need theory

claims that employees are motivated when their need for power, affiliation and

achievement are activated. Every employee is particularly motivated by a

predominant need and consequently experiences different stimuli as rewarding to

a different extent. In that regard, McClelland’s (1985) need theory offers both a set

of well-defined internal motivation factors (needs)—particularly developed for the

workplace—and congruent external motivation factors (rewards; Steers et al. 2004).

In light of the new developments regarding work environments and methodological

approaches, the overall aim of this study is to validate need theory with

neuroscientific methods. To fulfil our aim we focus on two aspects. First, we

explore how far distinct management rewards that relate to different McClelland
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(1985) needs result in similarly rewarding effects. Second, we study whether the

effect of these distinct rewards is enhanced if they closely match an employee’s

need.

To approach the study aim with its facets, 44 participants took part in this

functional magnetic resonance imaging (fMRI) study. Participants completed

decision tasks before receiving either of the three performance-contingent rewards

high income, respectful leadership or a prestigious company car. Additionally, they

provided information on their need for achievement, affiliation and power. Our

findings show that the three different rewards lead to overlapping neural activations

in parts of the reward circuitry, such as the putamen or caudate on the one hand, but

that these rewards, on the other hand, also activate distinct brain areas that are not

stimulated by the remaining two reward types. Furthermore, it is shown that the

more a particular reward matches an employee’s need the stronger are the neural

activations in the reward circuitry.

Our study contributes to the current literature in several ways. First, it offers a

neuroscientific perspective to McClelland’s (1985) need theory and uniquely

validates it by showing that neural reward activations are stronger when a specific

reward closely matches the individual need level of a person. Thus, it supports an

individual and personality-based approach to work motivation. Second, this study

contributes to neuroscience as it enhances our understanding of different rewards

and their location in the reward circuitry by investigating rewards that are

commonly used in the management context and that have not been studied before.

Moreover, it supports the idea of a mutual ‘reward system’ on the one hand and

reward type-dependent brain structures on the other hand (Sescousse et al. 2013b).

Finally, this study provides insights into subconscious processes of motivation and,

therefore, it can be regarded as a step towards a boundaryless science of work

motivation, as suggested by Locke and Latham (2004). The practical implications

we draw from our results refer to an individual approach to work motivation in

which the varying needs of employees have to be adequately considered.

In the following section, a theoretical background on work motivation and

corresponding neurological findings is provided before the hypotheses are derived.

Following this, the methodological approach and the results are presented before

discussing them with respect to their implications.

2 Theoretical background and hypotheses development

Motivation is considered a key driver of performance because it is linked to

numerous benefits at work (Campbell and Pritchard 1976; Maier 1955; Pinder

2008). Motivated employees are more engaged in their work (Rich 2006), their

performance is of higher quality (Cerasoli et al. 2014) and they profit more from

occupational training (Massenberg et al. 2015). Additionally, they are more strongly

committed to their work, work longer hours, pick more challenging goals to achieve

(Becker et al. 2015), and are more willing to share knowledge at the workplace (Lin
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2007). Due to its positive consequences, motivation plays a central role in the field

of management, both in theory and management practice.

2.1 Work motivation and its behavioural background

Work motivation refers to factors that energize, direct and maintain employee

behaviour over time (Steers et al. 2004). In their overview, Steers et al. (2004) and

Latham and Pinder (2005) summarize three major directions of motivation theory:

first, content theories aim at identifying factors positively associated with

motivation. Major content theories include, for instance, Maslow’s (1943) theory

of hierarchical needs, Herzberg et al.’s (1959) motivator-hygiene theory, and

McClelland’s (1987) need theory. Second, process theories focus on the processes

underlying work motivation and regard motivation from a dynamic perspective.

Some of the most prominent process theories are, for instance, goal-setting theory

(Locke and Latham 2002), social-cognition theory (Bandura 1977), or expectancy

theory (Vroom 1964). Third, justice theories add a sociological perspective to work

motivation with the premise that fair procedures in an organizational context

enhance motivation (Latham and Pinder 2005).

Although an exact understanding of motivation continues to evolve, most

theoretical approaches argue that motivation emerges from both internal factors of

an individual that drive action and external factors of the environment that stimulate

action (Locke and Latham 2004). This also applies to McClelland’s (1987) theory of

needs, an approach that is considered a content theory of motivation. In essence,

McClelland’s (1987) theory of needs suggests that each employee has several, often

competing needs and that motivation of employees results from their attempt to

fulfil these needs. Ideally, the work environment offers external factors (e.g.

rewards) that promise need-fulfilment. In other words, when external factors

(rewards) interact with internal factors (needs) work motivation is observed

(Beckmann and Heckhausen 2008; Schneider and Schmalt 2000).

2.1.1 Needs as internal factors

Needs refer to an internal tension that influences the cognitive processes which

underlie behaviours (Kanfer 1991). Within the management context three needs are

of specific importance (McClelland and Burnham 2008): (1) the need for

achievement; (2) the need for affiliation; and (3) the need for power. According

to McClelland (1985), employees differ regarding their levels of needs. The need for

achievement is defined by a preference for achieving excellence in accomplishments

through one’s individual efforts (McClelland et al. 1953). Persons high in this need

dimension show a stronger desire to perform at a more advanced level than their

peers. They dislike succeeding only by chance and prefer personally identifiable

reasons for their success rather than leaving the outcome to probability.

Furthermore, persons with a high need for achievement are regarded as more

effective leaders and are more satisfied in jobs that are challenging and that demand

a high skill level (Eisenberger et al. 2005; McNeese-Smith 1999). The need for

affiliation refers to the concern for establishing and maintaining close personal
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relationships with others (e.g. supervisors, colleagues). It is furthermore represented

by a desire to participate in cooperative and interactive activities (McClelland

1976). Those with higher needs for affiliation also receive better leadership ratings

(Jeffrey 2009) and show more identification with the organization (Wiesenfeld et al.

2001). Finally, the need for power describes the concern for impact and prestige,

which is associated with getting formal social power and taking risks (Winter and

Stewart 1978). Persons with high power needs prefer being in competitive, status-

driven situations and actively seek to gather symbols of status (Veroff 1992). They

report higher job tension (Lilly et al. 2006) and tend to be entrusted with resources

that are perceived as valuable (Magee and Galinsky 2008; Thye 2000). Concerning

the current study, it is important that employees differ regarding the level of their

need for achievement, affiliation and power.

2.1.2 Rewards as external factors

External factors of work motivation refer to stimuli provided by an organizational

environment that encourage action (Cerasoli et al. 2014). External factors are

termed differently, depending on the chosen theory, scientific field and research

method. Meta-analyses on work motivation commonly refer to external factors as

rewards, incentives, reinforcements or extrinsic motivation (e.g. Deci et al. 1999).

However, neurophysiological studies most frequently use the term rewards for

which reason we subsequently also use this term (see e.g. Sescousse et al. 2013b).

Money might be the most commonly used reward in organizations (Pinder 2008).

However, many other rewards, such as promotions, awards, company cars, health

benefits or social recognition, can be listed. When classifying organizational

rewards, von Rosenstiel (1975) summarized the following five categories: (1) ‘direct

financial rewards’ such as pay-for-performance systems, (2) ‘indirect financial

rewards’ including, for example, free access to a company car or a work mobile

phone, (3) ‘organizational rewards’ referring to aspects like leadership style or size

of organization, (4) ‘social rewards’ like information distribution and communica-

tion style when interacting with others and (5) ‘work rewards’ which denote work

characteristics such as autonomy and possible career advancement. Empirical

evidence clearly supports the use of direct and indirect financial rewards to enhance

employee performance. For instance, providing financial reward increases the

quality and quantity of employee performance and further leads to more creativity at

work (e.g., Byron and Khazanchi 2012; Condly et al. 2003; Jenkins et al. 1998).

More recently, Cerasoli et al. (2014) showed that (direct and indirect) financial

rewards impact performance quantity much stronger than performance quality.

Thus, regarding the current study it is important to note that there are different

reward categories and that there is empirical evidence that when organizations offer

financial rewards, their employees’ performance is likely to improve. However,

there seems to be a shortcoming of research regarding non-financial rewards, even

though organizations continue to implement these (de Gieter and Hofmans 2015).
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2.1.3 Interaction between rewards as external and needs as internal motivation

factors

As mentioned earlier, work motivation results from the interaction of an employee’s

needs and organizational rewards. According to McClelland (1985), when an

employee’s need is strong it stimulates those behaviours that lead to need-

fulfilment. Therefore, if an organization wants to direct employee behaviour it

should offer rewards that promise need-fulfilment. Meta-analytic findings support

the interaction of internal factors of motivation and financial rewards as external

factors. Cerasoli et al. (2014) summarized that both internal as well as external

factors (i.e. financial reward) contribute to performance. Similarly, a study by

Hendijani et al. (2016) demonstrated that a financial bonus as external factor and a

personal interest as internal factor of motivation conjointly contribute to the

motivation of study participants. To sum up, evidence indicates that external factors

of motivation have to be considered conjointly with internal ones when

understanding motivation-driven performance. At this point it shall be considered

that the conjoined consideration has been mainly investigated with respect to

financial rewards. This study extends previous findings and further examines the

interaction of external and internal factors with regard to non-financial rewards.

2.2 Neurophysiological background

Motivation is closely linked to the neurotransmitter dopamine and the dopaminergic

reward system. This reward system is a network of neurons that communicate

through the neurotransmitter dopamine. When exposed to rewards, the brain

responds by increasing its activity. It sends a signal announcing this reward to a

particular part of the midbrain, the ventral tegmental area (VTA). The VTA then

releases the neurotransmitter dopamine into the nucleus accumbens (NAcc), but also

into the septum, the amygdala and the prefrontal cortex. These regions are

connected by a so-called pleasure or reward bundle often referred to as ‘reward

circuitry’. This reward circuitry is said to supply most of the necessary motivation

of human behaviour. Importantly, it is the neural circuit of interest in this study as it

responds to rewards (for further information on the reward circuitry see Haber and

Knutson 2010).

A particularly critical component of the reward circuitry is the striatum. The

striatum is a subcortical structure of the forebrain that is often divided into a dorsal

(describing an upper section of the brain) and a ventral (describing a lower brain

section) part. The dorsal striatum contains the caudate nucleus and putamen, while

the ventral striatum contains the NAcc. Functionally, the striatum coordinates

multiple aspects of cognition, including reward perception, motivation, reinforce-

ment learning or voluntary movement (Haber and Knutson 2010).

Neuroimaging studies have demonstrated that the striatum is activated by a large

spectrum of different rewards. For example, Spreckelmeyer et al. (2009) reported

that monetary gain in a decision task and smiling faces representing social reward

lead to activations in the striatum, especially in the NAcc. Kohls et al. (2013) found

activations in the NAcc, caudate nucleus and putamen when social approval was
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anticipated, whereas Mitterschiffthaler et al. (2007) reported increased activation in

the ventral and dorsal striatum when listening to cheering music like Strauß’s

‘Radetzky March’. More recently, Lacey et al. (2011) even showed that artistic

photographs activate the ventral striatum, and also imagining eating chocolate

increases brain activation in the aforementioned areas (Small et al. 2001). Enhanced

activation in the caudate nucleus, putamen and the NAcc were further related to

many other rewards, such as erotic films (Karama et al. 2002), pictures of high-

calorie-food in obese people (Rothemund et al. 2007), pictures of one’s own

children (Leibenluft et al. 2004), or photos of alcoholic drinks presented to

alcoholics (Braus et al. 2001).

Taken together, the ventral and dorsal striatum are key structures in the reward

circuit. As suggested by the findings above, they are involved in processing a wide

variety of rewards. In fact, meta-analyses of neural studies on rewards suggest that

the striatum is activated by rewards irrespective of their modality (e.g. Sescousse

et al. 2013b). Thus, it is also considered a reward modality-independent brain

structure. Additionally, however, rewards have been shown to activate areas

dependent on their modality, for which reason reward modality-dependent brain

structures are described. With regard to such modality-dependence it has been

described that the amygdala was more robustly activated by, for instance, erotic

rewards versus money or food rewards. Similarly, specific parts of the insula were

more likely to be triggered by food rewards compared to money and erotic rewards

(Sescousse et al. 2013b).

Despite these findings it is important to keep in mind that except for money,

neural studies on rewards rarely include rewards that are relevant to the

management context. This study takes a step toward closing this gap as it solely

examines rewards commonly used in management.

2.3 Aim and hypotheses of this study

The overall aim of this study is to validate McClelland’s (1985) need theory using

neuroscientific methods and thereby fostering foundations of work motivation. To

fulfil this aim two hypotheses are derived. First, we examine how far different

management rewards are perceived as comparably rewarding. By doing so

McClelland’s core assumption that different external motivation factors may

contribute to work motivation will be validated. Investigating this matter further

provides a neural basis for our second hypothesis, examining whether this neural

basis changes once individual needs are considered.

In this study, the following three contemporary management rewards are

represented: (1) high income, (2) respectful leadership and (3) prestigious company

cars. According to von Rosenstiel (1975), these rewards represent the reward

categories ‘direct financial rewards’, ‘organizational rewards’ and ‘indirect financial

rewards’, respectively. As behavioural results suggest that motivation triggered by

both, financial and non-financial rewards increases performance—assuming that

these rewards have a comparable rewarding effect (Cerasoli et al. 2014)—it is

expected that rewards representing three different reward categories show effects

that overlap to a certain extent. However, since Cerasoli et al. (2014) additionally
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demonstrate that motivation triggered by financial and non-financial rewards

differently impacts the quality and quantity of performance, it is further expected

that there is also a unique effect tied to rewards from different reward categories.

The latter expectation is further supported by findings from de Gieter and Hofmans

(2015), who show that there are differences in the effects of financial, material and

psychological rewards.

As outlined in the previous section neural findings support the assumption that

different rewards have both, overlapping and specific effects. In fact, neural findings

show that different rewards, such as food, money or erotic pictures, activate reward

modality-independent brain areas, yet they also depict reward modality-dependent

activations. Combining behavioural and neural findings and further building on

Sescousse et al. (2013b) and Kohls et al. (2013), we assume that there is a

substantial overlap in the ventral and dorsal striatum, which represent the modality-

independent reward areas, when experiencing high income, respectful leadership

and prestigious company cars. However, also in line with behavioural results and

also building upon Sescousse et al. (2013b) and Kohls et al. (2013) we further argue

that these three rewards too depict modality-dependent activation patterns that are

not shared with other rewards. Concluding, the following hypothesis is stated:

H1 The rewards high income, respectful leadership and prestigious company cars

share a common neural basis in the striatum and further show reward modality-

dependent activation patterns.

The second hypothesis refers to empirical findings suggesting that work

motivation is based on an interaction of needs (internal factors) and rewards

(external factors; e.g. Cerasoli et al. 2014). Building on these findings we test a key

assumption of the need theory and examine on a neural level whether a closer match

between an employee’s needs and the rewards that offer need fulfilment result in

more rewarding effects. According to McClelland’s (1985) need theory, higher

work motivation should be observed when a reward meets a corresponding need.

Initial findings support this assumption, yet primarily for rewards outside the

management context. For instance, when rewards match a person’s need level then

this person experiences more positive affect (Brunstein et al. 1998), refers to fewer

psychosomatic complaints (Baumann et al. 2005), and reports an increased feeling

of flow (Schüler and Brandstätter 2013). Moreover, need–reward match affects the

budget goal commitment of managers (Sandalgaard et al. 2011) and enhances trust

as well as trustworthiness (Fehr and List 2004). Since the benefits of a high match

between a person’s needs and the rewards presented by an environment relate to

higher brain activations of the reward circuitry (primarily the striatal area), the

following hypothesis is stated:

H2 Rewards that closely match an employee’s need result in stronger neural

activations of the reward circuitry than rewards that match this need to a lesser

extent.
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3 Method

3.1 Sample

In total, 44 (29 females) healthy MBA students with a mean age of 25 years

(SD = 2.26) participated in this study. Because handedness, vision, and neurolog-

ical illness may systematically impact brain activations (e.g. Knecht et al. 2000), all

students were right-handed, with normal or corrected-to-normal vision and not a

single person reported a history of neurological illness. Participants were screened

for exclusion criteria (e.g. metal in the body, physical impairment, pregnancy,

psychosis) and all provided written informed consent as part of the university’s

ethics committee protocol.

Contrary to the usual practice in experimental economics, the study presented in

this paper was not incentivized in the sense that the compensation of subjects

depended on their decisions in the experiment. Instead we followed the common

neuroscientific conventions of paying a fixed compensation to the participants (€
15). This decision was necessary, because we could have only made a monetary

compensation for the money treatment, as it would not have been possible to

provide an actual company car or a respectful leader as a reward in the other

treatments. As incentivizing only the money treatment while using hypothetical

rewards in the other two treatments would have introduced a potential confounder,

we implemented all three rewards hypothetically. Nevertheless, we consider this as

a potential limitation and we refer to it in the Limitation section.

3.2 Study design

The study consisted of two main parts: (1) a pre-scanning part and (2) a scanning

part. At the beginning of the pre-scanning part participants were told a cover story

to help them establish an employee role. As is common in neuroscientific

experiments, the cover story was approved by the university’s ethical protocol. They

were told that they had the chance for an internship and that depending on their task

performance in the MR-scanner they would be compensated with different rewards

in the internship. In the pre-scanning part, participants also received information

about the task they had to complete in the scanner—which in fact was only a

distraction task—and about the hypothetical rewards they could receive. The

distraction task and the rewards are described in Sects. 3.2.1 and 3.2.2, respectively.

In the scanning part, an experiment with four different treatments (i.e. three

reward treatments and one control treatment) was performed. An event-related

fMRI-design1 was conducted for all four treatments to account for the neural

response to every single reward and to the control treatment. In each treatment,

participants followed the exact same procedure. The MRI procedure is described in

Sect. 3.2.4 in more detail.

1 Event-related fMRI-designs make it possible to associate brain processes with a single stimulus (in

contrast to block designs) and thus offer more flexibility for the way to set up experiments.
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3.2.1 Distraction task

Commonly, in a management environment rewards are provided when tasks have

been successfully completed or goals have been met. Thus, a task was needed in this

study to justify the giving of rewards. This task was a comparison task where

participants had to decide in which of two dot-filled circles there were more dots.

For detailed task descriptions of this non-symbolic magnitude comparison task see

the MRI procedure below and also Costa et al. (2011) and Dehaene et al. (2005).

However, as the focus of this study was on the neural response to rewards, the task

was primarily a distraction task to evoke a certain effort in the study participants

that should resemble the working effort of an employee. Thus, the distraction task

was necessary to create a reliable performance-related situation where participants

could be compensated with management-related rewards. For motivational reasons

the task was manipulated so that every single participant completed 60% of the

tasks correctly. Within this study there was in fact no interest in the task

performance of the participants.

3.2.2 Rewards

With respect to the theoretical background of our literature review, three reward

treatments and one control treatment were provided. Each of the three rewards

primarily addressed another need. All rewards were introduced to the participants in

the pre-scanning part of this study. According to the cover story, the more

distraction tasks a participant solved correctly in the MR-scanner the higher was his/

her chance for (a) a high income in the internship, (b) a prestigious company car,

and (c) a respectful leader. In contrast, the more distraction tasks the participant

solved incorrectly the higher was his/her chance for (a) a low income in the

internship, (b) a low-prestige company car, and (c) an impersonal leader.

• Money treatment Study participants simultaneously saw two pictures in the MR-

scanner after completing a task, one representing a high income (a bundle of

banknotes; Money?) and one representing a low income (a few coins;

Money-). Whenever they solved a single task correctly the picture of the bundle

of banknotes was framed with a green frame and their chance of getting a high

income rose. Conversely, whenever they solved a single task incorrectly the

picture of the few coins was framed and their chance of getting a low income

rose.

• Car treatment In the pre-scanning part participants were introduced to ten

company cars of varying prestige (e.g. BMW, Audi, Hyundai, Kia). They

individually ranked the cars according to prestige and social status. In addition, a

recent newspaper article about the importance of cars as status symbols was

presented. Following the logic of the money treatment, participants simultane-

ously saw two pictures in the MR-scanner after completing a task, one

represented a car they had rated high regarding prestige and social status (e.g.

BMW; Car?) and another picture showing a car, which they had rated low in

terms of prestige and social status (e.g., Hyundai; Car-). Whenever they solved
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a single task correctly the prestigious car was framed with a green frame and

their chance for a prestigious company car rose. Conversely, whenever they

solved a single task incorrectly the picture of the less prestigious company car

was framed and their chance for a company car with low prestige rose.

• Leadership treatment In the pre-scanning session participants were introduced to

two leaders and to their way of leading employees. They listened to a meeting

that was held by the leaders at the beginning of a new project (each leader held

one meeting). Thereafter, they evaluated the leadership style on a questionnaire

and rated how much each leader respected, motivated, valued and inspired his

employees.

Following the logic of the car and money treatment, participants simultaneously

saw two pictures in the MR-scanner after completing a task, whereby one leader

represented the respectful leader (Leader?) and the other represented the

impersonal leader (Leader-). Whenever participants solved a single task

correctly the respectful leader was framed with a green frame and their chance

of working for a respectful leader increased. Conversely, whenever they solved a

single task incorrectly the picture of the impersonal leader was framed and their

chance of working for the impersonal leader rose.

Study participants did not know that both leaders were fictional characters. The

pictures of the leaders were randomly chosen from the Neutralized Faces

Database (Ebner 2008). The speeches of the leaders were derived from

Kirkpatrick and Locke’s (1996) experimental study on leadership behaviour. A

number of studies have demonstrated that one of those speeches represented a

cherishing leadership style where followers were respected, motivated, valued

and inspired, while the other speech represented an impersonal leadership style

where followers were not approached or respected in a personal way and where

the leader acted in a detached way (see, for instance, Felfe and Schyns 2006).

The speeches were recorded by two professional announcers. The pairing of the

announcers and leaders as well as the introduction to each leader and the pairing

of the pictures and leaders was randomized across participants.

• Control treatment A control treatment was needed to control for the brain

activity that occurred solely because participants answered the distraction task

correctly. In order to achieve this, the brain activity of the control treatment was

subtracted from the brain activity that occurred in each reward treatment. Thus,

only the reward-specific brain activity remained. In this control treatment an

upward-facing arrow (Arrow?) was shown whenever the participants answered

a distraction task correctly. In contrast, a downward facing arrow (Arrow-) was

shown whenever the participants answered a distraction task incorrectly.

3.2.3 Matching of needs and rewards

In the course of this study each of the three rewards was investigated conjointly with

those of McClelland’s (1985) needs that it matched closest. This was done to

examine whether rewards that closely correspond with an employee’s need result in

stronger neural activations of the reward circuitry (hypothesis 2). The rewards were
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presented using the reward treatments and the three needs were measured using the

Personal Values Questionnaire (PVQ; McClelland 1991) described in the section

Behavioural measures.

Table 1 summarizes empirical findings that indicate that each of the rewards of

this study most strongly correlates with one particular need. In line with McClelland

(1985), it is argued that individuals differ regarding their predominant need. As

needs are expressed through behaviours, choices or personal characteristics,

different predominant needs are expressed through differences in behaviours,

choices or personal characteristics. The stronger a certain reward reflects the

behaviours, choices or personal characteristics tied to a need, the closer will be the

match between this need and the reward (see Table 1).

With respect to the achievement need, empirical findings suggest that it best

matches the reward high income because individuals who have a higher need for

achievement also value money/income to a higher extent (Kirkcaldy and Furnham

1993; Tang 1995). In addition to this direct link between high income and the

achievement need, findings also indicate a number of corresponding preferences,

individual characteristics and behaviours that are expressed by individuals with both

a high need for achievement and a distinct appraisal of money/income. For instance,

individuals who strongly value money also score more highly with regard to

competitiveness and self-confidence (Kirkcaldy and Furnham 1993; Wong and

Carducci 1991), just like individuals with a high need for achievement (Houston

et al. 2002; McClelland and Steele 1973). Moreover, persons who highly value

money are more conscientious and show more Type A behaviour (Boyce and Wood

2011; Tang 1995) and are therefore similar to those with a high need for

achievement (Kern and Friedman 2008; Spence et al. 1989). In conclusion, a direct

need for the achievement-money link and several parallels between individuals who

score highly on the achievement need and the appraisal of money suggests that the

achievement need very closely matches the reward high income.

Regarding the affiliation need, it is argued that this particular need most closely

relates to the reward respectful leadership. Empirical findings support this assumption as

they show that employees with a higher need for affiliation feel better supported by their

leader and show more emotional attachment as well as trust and warmth (Engeser and

Langens 2010; Lewis 2000; Wiesenfeld et al. 2001). Similarily, employees of respectful

leaders also report higher support from their leaders, are also more emotionally attached

and experience more trust (Boezeman and Ellemers 2007; Braun et al. 2013; Kellett et al.

2002). Moreover, individuals with a higher need for affiliation also identify more

strongly with their organization and describe themselves as more extraverted (Engeser

and Langens 2010; Wiesenfeld et al. 2001), just like individuals who experience

respectful leadership (Boezeman and Ellemers 2014; Felfe and Schyns 2006). In

conclusion, findings suggest that the affiliation need most closely matches the reward

respectful leadership as there are several parallels between individuals with both, a high

affiliation need and personal experience with respectful leaders.

With respect to the need for power, findings suggest that this most closely matches

the reward prestigious company car—representing a prestigious object. In fact,

individuals with a high power need invest in status enhancement despite severe costs

because of how highly they value prestige (Winter 1973), and thus behave in a very
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similar manner as those investing in a prestigious car (Griskevicius et al. 2010).

Additionally, persons who are driven by a need for power strongly monitor themselves

and their appearance and further report higher self-esteem (Leary et al. 2001; Valle and

Perrewe 2016). The very same behaviour tendencies are linked to those who enjoy

possessing prestigious objects like, for instance, cars (O’Cass and McEwen 2004;

Truong and McColl 2011). To add another conjoining aspect, those with a strong

power need are seen as showy, boastful and less agreeable (Engeser and Langens

2010) and are therefore similarly perceived as individuals who strongly value

prestigious objects (Hennighausen et al. 2016; Sung et al. 2015). Based on the findings

supporting a strong link between the need for power and prestigious objects, the power

need is perceived to strongly match the reward prestigious company car.

3.2.4 MRI-procedure

In the scanning part of the experiment, an event-related design was conducted with

three reward treatments and one control treatment, whereby all participants had to

complete all reward treatments as well as the control treatment (i.e. a within-subject

design was used). In every single treatment (money, cars, leaders and control)

participants had to complete 50 of the trials subsequently described. Treatments

were presented in randomized order to all participants. After study participants had

completed the 50 trials of a single treatment, the trials of the next treatment started.

All treatments were exactly the same and only the rewards changed.

As depicted in Fig. 1, a single trial began with the distraction task (i.e. the

comparison task described above). In this task, participants were asked to decide in

which of two circles there were more dots. To this end, two circles with dots were

displayed for 350 ms. Then the dots disappeared, and the white-filled circles

remained empty. In the subsequent 2500 ms time, participants had to indicate

whether there were more dots in the left or right circle. Participants responded by

either pressing a button for the left or the right circle.

If the task was solved correctly, the particular reward of each treatment (i.e. the

picture for a high income, prestigious car, respectful leader, upward arrow) was

framed for 3000 ms. If the task was solved incorrectly, the opposing picture was

Fig. 1 MRI-procedure
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framed for 3000 ms. If participants did not respond to the task within 2500 ms then

both pictures for a reward (e.g. high and low amount of money) were framed with a

green frame. The framing then disappeared and the rewards remained on the screen

for systematically varying periods of time (i.e. the rewards remained on the screen

jittered in time with inter-trial intervals from 2500 to 7000 ms). To increase the

salience of a particular reward, participants were instructed to imagine what feelings

would arise when they received that particular reward in their internship.

3.3 Measures

This section provides an overview of the behavioural questionnaires used and gives

information on the MRI-data acquisition and data analysis. Since information on the

acquisition and analysis may sound very technical to readers less familiar with

neuroscientific experiments, it is split. First, to make MRI-data acquisition and data

analysis available for a larger readership, information on those two issues is

presented in a broader sense where background information is added to make the

technical information more accessible. Second, the ‘‘Appendix’’ offers additional

technical details and displays information on the data acquisition and data analysis

in a way that is commonly used when reporting to a readership highly familiar with

MRI studies.

3.3.1 Behavioural measures

3.3.1.1 Needs Needs had to be measured in order to study whether rewards that

closely match an employee’s needs result in stronger neural activations of the

reward circuitry than rewards that match those needs to a lesser extent. The need for

achievement, affiliation and power were measured with the Personal Values

Questionnaire (PVQ; McClelland 1991). Each need was operationalized by 10 items

that are answered on a five-point Likert scale ranging from (1) ‘strongly disagree’ to

(5) ‘strongly agree’. Items regarding the need for power refer to the wish to hold

high-status positions, lead others and to be prestigious. The need for achievement is

measured with items concerning the development of one’s own competencies in

solving difficult problems and a preference for taking responsibility for achievement

projects. The need for affiliation is assessed by items that represent the wish to be

with others or to interact with others in a friendly manner.

Studies on the psychometric qualities of the PVQ (e.g. Brunstein and Hoyer

2002) indicate good reliability and validity. Supporting its construct validity, studies

show strong intercorrelations with other need measurements (e.g. Schönbrodt and

Gerstenberg 2012 or Bilsky and Schwartz 2008) and further show concurrent

findings with neurophysiological need measurement (Dufner et al. 2015; Quirin

et al. 2013). Based on these validation results it may be concluded that the PVQ’s

construct validity is strongly supported. Similarly, its criterion validity is also

supported by various studies (e.g. regarding life-satisfaction and emotional well-

being in Hofer and Chasiotis 2003 or cultural values of supply chain managers in

Sharif and Irani 2012).
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3.3.1.2 Respectful leadership To verify whether differences in leadership

behaviour could be noticed, participants rated the two leaders regarding their

leadership behaviour at the end of the pre-scanning session. To this end, the scale

‘individual consideration’ of a translated version (Felfe and Goihl 2002) of the

Multifactor Leadership Questionnaire (MLQ; Bass and Avolio 1995) was admin-

istered to measure how respectful the leadership behaviour was perceived to be by

study participants. The four items were completed on a five-point Likert scale

ranging from ‘do not agree at all’ (1) to ‘totally agree’ (5). The ratings were

provided separately for the respectful leader (Leader?) and the non-respectful

leader (Leader-). For Leader? the Cronbach Alpha value was .82 and for Leader-

the internal consistency was .84. A t test showed that the respectful leader

(Leader?) received significantly higher ratings on the scale ‘individual consider-

ation’ than the impersonal leader (t42 = 21.23, p\ .01, MLeader? = 4.48,

SDLeader? = .38 vs. MLeader- = 1.31, SDLeader- = .40).

3.3.2 MRI data acquisition

In order to gather information on the participants’ brain activations, an fMRI-

experiment was conducted. Participants were asked to lie down on a platform next

to the MR-scanner before their head was put into a head coil. The head coil is

necessary to collect coronal image slices and thus imaging the entire brain is

possible. It is further used to fixate the head of the participants to minimize head

movement, since head movements are regarded as artefacts in MRI experiments.

Once the participants were instructed and placed on the platform, the platform was

moved into the centre of the MR-scanner. Participants were able to see outside of

the scanner by looking at a mirror, which was mounted on the head coil. Outside of

the scanner there was a screen on to which all visual stimuli (e.g. pictures of the

rewards) were projected.

Once the experiment started the participants’ brain was scanned and images of

the brain were recorded. Thus, the primary data were time series of images. In this

study the blood-oxygen-level-dependent (BOLD) signal was used to measure neural

activity. The basic idea of the BOLD signal can be summarized as follows: when a

brain area is more active it consumes more oxygen and to meet this increased

demand, blood flow increases to the activated area. Oxygenated blood has different

magnetic characteristics from deoxygenated blood (Pauling and Coryell 1936). The

BOLD signal works by detecting the changes in blood oxygenation and blood flow

that occur in response to neural activity. It therefore allows conclusions to be drawn

on whether a particular brain area contributes to a particular mental process. (For a

more comprehensive description of the BOLD signal see Ashby 2011.)

All visual stimuli were presented using the software package Presentation 16.0

(Neurobehavioral Systems, Albany, CA, USA) and projected on a semi-translucent

screen positioned approximately 1.5 m in front of the scanner. Imaging was done on

a 3.0T Magnetom Skyra (Siemens Medical Systems, Erlangen, Germany) using a

32-channel head coil. For more technical information on the MR-scanner and on the

process of imaging (e.g. field strength, number of volumes, pulse sequence type,
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slice thickness, TE/TR/flip angle, order and orientation of acquisition) please see the

information provided in ‘‘Appendix’’.

3.3.3 MRI data analysis

In this study MRI data analysis was conducted in four steps. The first step of the

analysis comprised preprocessing activities where systematic non-task-related

sources of variability were removed from the imaging data (e.g. artefacts due to

head movement or high-frequency spatial noise resulting from the digitization of the

imaging). Second, the time series analyses on each participant’s data were carried

out (i.e. first-level analyses). As is common for neuroimaging studies, general linear

modelling (GLM) was used for the first-level analyses to identify an increase or

decrease of the BOLD signal in response to the treatment versus the control

treatment or baseline signal (Dimoka 2012; Dulebohn et al. 2016). In most

neuroscientific studies a GLM analysis is performed for each voxel2 and for each

participant (Dulebohn et al. 2016). GLM analysis is appropriate when multiple

predictors are used to indicate variability in a single, continuously distributed

outcome variable. In this study, the outcome variable was the BOLD signal in each

voxel and predictors included the rewards with their two variations (e.g. high

income vs. low income). In a third step, second-level analyses were conducted to

make inferences about the whole group of participants tested. Fourth, region of

interest (ROI) analysis focused on the brain activity located in previously defined

brain areas. The ROI analysis helped to identify whether activations in certain brain

structures of the reward circuitry are linked to the strength of a person’s needs. More

technical information on the MRI data analysis (e.g. preprocessing steps; regressors

of GLM) is provided in the ‘‘Appendix’’.

All analyses regarding brain activations were corrected for multiple comparisons.

Whole brain activations were family-wise-error (FWE) corrected using a voxel-

level FWE of p\ .05 as a measure of significance; only activation clusters

exceeding a spatial extent threshold of 49 voxels are presented (thus the activated

brain area had to have a certain volume). Additionally, mean per cent signal change

was extracted for each ROI using MarsBaR software (Brett et al. 2002). Per cent

signal change (describing the relative change of the BOLD signal to an individual

baseline) was correlated with behavioural measures of needs to study if need-

congruent rewards led to more activations than need-incongruent rewards.

According to Kätsyri et al. (2012), three anatomical ROIs were defined: NAcc,

caudate nucleus and putamen. ROIs were defined using the Wake Forest University

PickAtlas toolbox (Maldjian et al. 2003).

2 A voxel is a three-dimensional cube of brain tissue that commonly contains millions of neurons and

tens of billions of synapses. The number of neurons and synapses in a voxel depends on the voxel size and

the area of the brain that is imaged (Huettel et al. 2009).
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4 Results

Results from this study are organized as follows: First, behavioural results regarding

the performance scores and reaction times from the distraction task are presented.

Behavioural results help to identify whether the participants differ regarding their

number of correctly solved tasks, their reaction time, and whether the number of

correctly solved tasks and reaction time varies across the three rewards. Second, to

answer our hypotheses the results of the neuroscientific analyses are reported (i.e. a

whole brain analysis, a conjunction analysis and a region of interest analysis).

• With respect to H1, we followed the standard procedure of analysing imaging

data and reported results of the whole brain analysis to find out which brain areas

are involved in processing high income, respectful leadership and prestigious

company cars. Afterwards we conducted a conjunction analysis in order to study

modality-independent and modality-dependent activations of these rewards.

• Regarding H2, a region of interest analysis focuses on specific reward-related

brain areas and offers an answer to the question of whether rewards that closely

match an employee’s needs result in stronger neural activations of the reward

circuitry than rewards that match these needs to a lesser extent.

4.1 Behavioural results

In order to test whether the participants differed regarding their number of correctly

solved tasks and whether this number of correctly solved tasks varies across the

three rewards, a repeated-measures ANOVA with rewards (Leader, Car, Money,

and Arrow as control) and scores (Correct vs. Incorrect) was conducted. As intended

by the study design, the ANOVA showed a significant main effect for the scores,

indicating that more tasks were solved correctly [F(1,43) = 69.99, p\ .01,

gp
2 = .62; MCorrect = 28.85, SDCorrect = 3.26 vs. MIncorrect = 20.93, SDIncorrect =

3.15]. There was neither a main effect for rewards nor a significant interaction

between the reward treatments/control treatment and the scores. Thus, the

participants performed equally well across the different reward treatments and the

control treatment.

For the reaction time (RT), again a repeated-measures ANOVA with reward

(Leader, Car, Money, and Arrow as control) and scores (Correct vs. Incorrect) was

performed. In this case, the ANOVA showed a main effect for scores

(F(1,43) = 23.05, p\ .01, gp
2 = .35). In sum, correct answers were given more

quickly than incorrect ones (MCorrect = 572.86, SDCorrect = 171.86 vs. MIncorrect =

633.76, SDIncorrect = 183.27). Neither a significant main effect for rewards nor a

significant interaction between the rewards/control treatment and the scores was

found. Thus, study participants responded equally fast across the different rewards

and the control treatment.
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4.2 Neurophysiological results

H1 The rewards high income, respectful leadership, and prestigious company cars

share a common neural basis in the striatum and further show reward modality-

dependent activation patterns.

In order to identify reward modality-dependent activation patterns for processing

the three rewards of this study we first analysed the simple T-contrasts of each

reward treatment as well as the control treatment (see Method section). Table 2

summarizes significant activation clusters that were found to be activated after

multiple comparison correction for the ‘Leader?[Leader-’ contrast of the leader

treatment, the ‘Money?[Money-’ contrast of the money treatment, and the

‘Car?[Car-’ contrast of the car treatment. Results depicted in Table 2 show that

when potential employees anticipate working for a respectful leader, receiving high

income or driving a prestigious company car, then mainly subcortical and cortical

nodes of their reward circuit are elevated. As expected, the opposing contrasts

‘Leader-[Leader?’, ‘Money-[Money?’ and ‘Car-[Car?’– did not result

in significant activations. Therefore, when employees anticipate working for a non-

respectful leader, receiving low income, and driving a less prestigious company car

then no significant neural activation clusters were observed. Table 2 further

summarizes the activation clusters for the control treatment (see the ‘Arrow?[Ar-

row-’ contrast in Table 2). Again, the ‘Arrow-[Arrow?’ contrast did not result

in any significant activations.

As mentioned in the Method section, the Leader?, Money? and Car? treatment

were always presented in the MR-scanner when participants solved a distraction

task correctly. Thus, the simple T-contrasts shown in Table 2 represent both

activations that occur from processing a particular reward and activations that occur

from pleasure when solving a task correctly. In order to check whether there is

neural activation that can be exclusively traced back to the rewards, the neural

activations from the control treatment—which represented only activations related

to the pleasure of solving a task correctly—was subtracted from the neural

activations in each reward treatment.

Consequently, the simple T-contrasts of each reward treatment displayed in

Table 2 were contrasted to the simple T-contrasts of the control treatment (see for

example Stanley 2016). This should result in activation patterns that are specific to

the particular rewards but that do not include activations related to the pleasure of

solving a task correctly. In that vein the following contrasts were examined:

(‘Leader?[Leader-’[ ‘Arrow?[Arrow-’), (‘Money?[Money-’[ ‘Ar-

row?[Arrow-’), and (‘‘Car?[Car-’[ ‘Arrow?[Arrow-’). Table 3 and

Fig. 2 depict the activations that occurred when study participants anticipated

(a) working for a respectful leader, (b) receiving a high income, and (c) driving a

prestigious company car, while controlling for the confounder (i.e. the pleasure

when solving a task correctly).

With respect to the respectful leader reward, analysing the contrast of the simple

T-contrasts (i.e. ‘Leader?[Leader-’[ ‘Arrow?[Arrow-’) resulted in acti-

vations within the putamen, thalamus and supplementary motor area, with these
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areas being more active when participants imagined working for a respectful leader

as a reward (see Fig. 2 red areas). In a similar vein, when studying the financial

reward, the ‘Money?[Money-’[ ‘Arrow?[Arrow-’ contrast resulted in

activations within the left and right calcarine, subsuming the middle occipital gyrus

(see Fig. 2 green area). Finally, when studying the company car reward, the

‘Car?[Car-’[ ‘Arrow?[Arrow-’ contrast did not lead to significant activa-

tion clusters.

With respect to hypothesis 1, Table 3 and Fig. 2 show that a respectful leader,

high income and a prestigious company car are perceived as rewards, even after

controlling for the pleasure of solving a task correctly. Moreover, these manage-

ment-related rewards activate subcortical and cortical nodes of the reward circuitry

(e.g. putamen) that are also activated by more basic rewards such as foods or erotic

pictures.

In order to find out whether different management-related rewards also

commonly share a common neural basis, a conjunction analysis was performed.

The basic idea behind this analysis is to determine whether two or more

experimental treatments activate the same regions of the brain. In the current study

the conjunction analysis enabled us to identify those brain areas that were

commonly activated across all three reward treatments.

The conjunction was analysed using the software SPM (minimum T-statistic;

Friston et al. 2005), in which the conjunction null hypothesis test was used (Nichols

et al. 2005). This test requires significant regions in all tested treatments (i.e. a

logical ‘AND’ conjunction). For the analysis, the ‘Leader?[Leader-’,

‘Car?[Car-’, and ‘Money?[Money-’ contrasts were submitted to the

conjunction (corrected for multiple comparisons; FWE-corrected at p\ .05,

voxel-extent threshold k[ 49).

Results showed that all three rewards evoked activations in the calcarine, the

lentiform nucleus subsuming the putamen, and the caudate nucleus (see Table 4 and

Fig. 2 Significant activation clusters for the contrast of the simple T-contrasts (corrected for multiple
comparisons). FWE-corrected on voxel-level, p\ .05 (colour figure online)
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Fig. 3). The findings provide some evidence for a common neural system involved

in anticipating management-related rewards, involving the calcarine and the

bilateral putamen.

Consequently, when findings from the conjunction analysis (Table 4 and Fig. 3)

and the contrast analysis (Table 3 and Fig. 2) are considered jointly, it can be seen

that on the one hand the rewards respectful leader, high income, and prestigious

company car activate similar, thus modality-independent brain areas. However, on

the other hand, each of these rewards also activates distinct, modality-dependent

brain areas (e.g. supplementary motor area for the reward respectful leadership).

Consequently, H1 is supported.

H2 Rewards that closely match an employee’s need result in stronger neural

activations of the reward circuitry than rewards that match this need to a lesser

extent.

With respect to H2, we studied whether rewards that closely match an

employee’s need result in stronger neural activations of the reward circuitry than

rewards that match this need to a lesser extent. Therefore, the need levels of each

participant were correlated with their brain activations that occurred when this

participant anticipated the corresponding rewards.

As described in the Method section, each reward was assigned to one of

McClelland’s (1991) needs, whereby the respectful leader represented an affiliation-

oriented reward, the high income represented an achievement-oriented reward and

the company car represented a power-related reward. The participants’ need levels

were measured using the PV questionnaire (McClelland 1991). Consequently, each

participant was characterized by three continuous scores representing the person’s

need for affiliation, achievement and power. These three continuous need levels

were correlated with the per cent signal change values that were extracted for the

regions of interest (see Method section).

Figure 4 summarizes all correlational results. Figure 4a depicts that the higher

the study participants’ need for affiliation the stronger their activations in the NAcc

Fig. 3 Brain areas that are activated by all three rewards
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(left/right), caudate nucleus (right) and putamen (left/right) when they anticipated

working for a respectful leader (rNAcc_l = .39, p\ .01; rNAcc_r = .40, p\ .01;

rCaud_r = .34, p\ .01; rPut_l = .33, p\ .05; rPut_r = .33, p\ .05). In contrast to

these results, the participants’ need for achievement and power was not significantly

related to the neural activations that occurred when they anticipated working for a

respectful leader.
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Fig. 4 Bivariate correlations between individual need level and the per cent signal change values of the
ROIs NAcc, caudate and putamen for a the respectful leader treatment, b the income treatment, and c the
company car treatment
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Similar results were found for the high income. As can be seen in Fig. 4b

participants’ need for achievement was positively linked to their neural activations

in the NAcc (left), caudate nucleus (right), and putamen (left/right) that occurred

when the participants anticipated receiving high income (rNAcc_l = .33, p\ .05;

rCaud_r = .31, p\ .05; rPut_l = .40, p\ .01; rPut_r = .33, p\ .05). Importantly,

none of the remaining need levels was significantly related to the per cent signal

change values.

Finally, Fig. 4c shows that the higher the persons’ need for power the stronger

their activations in the nucleus accumbens (left) and the putamen (left/right) when

they anticipated driving a prestigious company car (rNAcc_l = .25, p\ .05;

rPut_l = .34, p\ .01; rPut_r = .32, p\ .05). The need for achievement and

affiliation were not significantly linked to the neural activations of the car treatment.

With respect to hypothesis 2, results from Fig. 4 show that the better a particular

reward matches a person’s need level the higher will be the activations in reward-

sensitive ROIs (i.e. the NAcc, caudate and putamen). This finding holds true for all

investigated rewards and needs: if a person had a high need for affiliation, the neural

activations were stronger when the affiliation-oriented reward was offered. If a

person had a high need for achievement, the neural activations were stronger when

the achievement-oriented reward was offered. If a person had a high need for power,

the neural activations were stronger when the power-oriented reward was offered.

Consequently, H2 is supported by the current findings.

5 Discussion and conclusion

The findings of this study help to validate McClelland’s (1957) need theory on a

neuroscientific level. In fact, current results validate theoretical assumptions upon

which that theory is built. First, it is shown if and how far different management

rewards are perceived as rewarding and may contribute to work motivation. Second,

based on these results we show that rewards that closely match a person’s needs are

perceived as more rewarding than rewards that match those needs to a lesser extent.

This finding neurally validates McClelland’s key assumption of a personality-based

approach to work motivation. In addition, our findings extend neuroscientific

literature by investigating management-relevant rewards that have not been studied

before (i.e. respectful leadership, company car). In that regard, we observe that high

income, respectful leadership, and a prestigious company car activate important

parts of the brain’s reward circuitry and are thus perceived as rewarding. In line with

previous research (e.g. Sescousse et al. 2013b) these rewards trigger reward

modality-dependent as well as modality-independent brain areas.

5.1 Management-related rewards and their neurophysiological activation
patterns

In line with hypothesis 1 it is concluded that the rewards high income, respectful

leadership, and prestigious company car share a common reward modality-

independent neural basis but also trigger reward modality-dependent activations.
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With respect to reward modality-independent activations we demonstrated that they

lead to increased activations in the calcarine and in two areas that are commonly

part of the reward circuitry—the lentiform nucleus with the putamen and the

caudate nucleus. This holds particularly true for the rewards high income and

respectful leadership, as the neural activations remain even after controlling for

activations that result from the pleasure of solving a task correctly. This finding of

reward modality-independent activations suggests that different rewards impact the

same brain areas in a similar way. Therefore, it appears as if the rewards high

income, respectful leadership, and prestigious company car are to some extent

interchangeable on the neural level despite the circumstance that they trigger

different needs of McClelland’s (1957) theory.

Our findings are mostly concordant with studies investigating the overlap

between social and monetary rewards. For example, Izuma et al. (2008) reported

that individuals activated the putamen and caudate when they received monetary

rewards. Additionally, the authors reported that the very same brain areas were

activated when individuals were offered the opportunity to achieve a good

reputation, whereby gaining a good reputation was seen as a non-monetary reward.

Lin et al. (2012) further showed that the putamen and the caudate are both activated

when individuals process a smiling face and financial benefits. In a similar vein

Sescousse et al. (2013a) showed that the promise of monetary rewards elicits neural

activations in the very same brain areas (i.e. the ventral striatum including the

putamen and the caudate nucleus) as erotic pictures, whereby the latter represented

non-monetary rewards. Taken together, findings from previous studies and results

from the current study provide evidence for the idea that the neural representations

for financial rewards and non-financial rewards partly overlap and are, on a neural

level, to some extent interchangeable.

Reward modality-dependent brain activations were found in particular for the

superior frontal gyrus or the inferior temporal gyrus, which was only activated when

either the reward respectful leadership or high income was used. The prospect of

high income evoked neural activations in the middle occipital gyrus after controlling

for activations that resulted from the pleasure of answering correctly. In light of

previous findings our results indicate that anticipating higher income activates brain

regions that are typically linked to positive arousal, processing (pleasant) visual

stimuli, reward, and value of probabilistic rewards. Neuroimaging findings, for

instance, have revealed that watching pleasant pictures and words leads to greater

activation in the middle occipital gyrus than watching neutral ones (Mourão-

Miranda et al. 2003; Rotshtein et al. 2001). In addition, the middle occipital gyrus is

activated when emotions associated with autobiographical memories are regulated

(Kross et al. 2009) or when rewards of high value are expected (e.g. Marsh et al.

2007).

Regarding the reward respectful leadership, the participants’ putamen, thalamus

and the supplementary motor area were activated after controlling for the pleasure

of answering correctly. Based on earlier findings our study suggests that a respectful

leadership style activates core components of the reward-related neurocircuitry.

According to Liu et al. (2011), the activated brain areas are common parts of the

neural network underlying reward processing. Kohls et al. (2013), for instance,
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found activations in the putamen and thalamus when social approval was

anticipated, whereas Smith et al. (2010) reported activations in these two brain

areas when research participants felt rewarded after looking at attractive faces.

Parallel to our findings, Hu et al. (2015) recently showed that activations in both the

putamen and the thalamus occurred when individuals were rewarded by a smile

from another person. Additionally, Pfeiffer et al. (2014) reported that putamen and

thalamus activations were found when participants interacted with another person in

an experiment, while these activations were not found when participants interacted

with a computer.

With respect to the third reward of this study, results show that the prestigious

company car elevates the inferior temporal gyrus, the putamen plus the caudate

nucleus, the calcarine and the posterior cingulum. After adjusting the participants’

brain activations for activations that occurred from solving a task correctly, the whole-

brain analysis did not result in significant activation clusters. Therefore, the findings

need to be interpreted with caution. However, the unadjusted results indicate that the

chance of driving a prestigious company car primarily evokes activations in the

inferior temporal gyrus. Previous research suggests that this area is associated with

aesthetics, rewards and personal involvement. Schaefer et al. (2015) demonstrated, for

example, that the inferior temporal gyrus was more strongly activated when

individuals were more deeply involved in tasks. The calcarine and posterior cingulate

is often triggered when processing aesthetic art (i.e.; Lutz et al. 2013; Tsukiura and

Cabeza 2011) and the putamen is associated with rewards (Kohls et al. 2013).

5.2 Matching personal needs and rewards

With regard to hypothesis 2 it was argued that rewards that closely match a person’s

needs result in stronger neural activation of the reward circuitry than rewards that

match these needs to a lesser extent. Our findings are in full support of this

assumption and show that when individual needs closely relate to the offered

rewards these rewards are perceived as more rewarding. In detail, if a person with a

high need for achievement was rewarded with high income then this person showed

stronger activation of the key parts in the reward circuitry compared to receiving the

reward prestigious company car or respectful leadership. A corresponding pattern

occurred in persons with a high need for affiliation when they had the chance to

work for a respectful leader and for persons with a high need for power when they

were rewarded with a prestigious company car.

Our region of interest analysis showed that three brain areas of the reward

circuitry—the nucleus accumbens, putamen and caudate nucleus—are more

activated when rewards closely match a person’s need level. This is particularly

true for the rewards high income and respectful leadership. Based on these findings

it is suggested that the nucleus accumbens, putamen and caudate nucleus are

sensitive to processing close matchings between needs and rewards. These results

are in line with findings by Schultheiss et al. (2008), who reported that individuals

with a high need for power show stronger activation in brain structures involved in

motivation (e.g. the striatum) when watching need-congruent pictures. In contrast,

individuals with weak power needs did not display such strong neural activations. A
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similar result was found for the need for affiliation, albeit not in a management or

work context. Quirin et al. (2013) found that the need for affiliation predicted

activity in the putamen only when study participants watched video clips with a

strong reference to the affiliation motive (i.e. love stories). Thus, activity in the

putamen was sensitive to affiliation need-congruent stimuli. With respect to the

need for achievement, Mizuno et al. (2008) showed that the putamen of study

participants was more strongly activated when they received feedback on their task

performance compared to when they received performance-contingent pay.

5.3 Implications for motivation theory and management practice,
limitations, and future research

Our findings support a personality-based approach to work motivation and suggest

considering the needs of employees when setting up effective reward systems. We

provide neural support for the assumption that work motivation results from an

interaction of internal factors (e.g. needs) and external factors (e.g. rewards). As this is—

to the best of our knowledge—the first study that investigates the neural basis of different

management-related rewards and their match to McClelland’s needs, our study may be

used to strengthen and expand motivation theory. More particularly, we uniquely

validate McClelland’s (1985) theory as we were able to demonstrate the importance of

the matching between McClelland’s needs and congruent rewards on a neural level.

Our findings might also be used to refresh the discussion on conscious and

unconscious needs or motives, as was required by Steers et al. (2004) in their

statement on the future of work motivation theory. While individuals are aware of

their conscious needs and are able to express them verbally (e.g. in a questionnaire),

they lack access to or awareness of their unconscious needs. Consequently,

unconscious needs or motives are difficult to measure and neuroscientific techniques

may offer new methods to approach them in a more valid way. By using new

methodological approaches the long-standing discussion on whether conscious and

unconscious needs are related could gain new impulse. Additionally, our study

provides findings that could be referred to when comparing the neural activations of

rewards matched with conscious needs to the activations of the same rewards

matched with unconscious needs.

What managerial implications can we draw from our results? From a practical

point of view, our findings suggest that not only high income but also a respectful

leader and a prestigious company car are perceived as rewarding. Moreover, these

rewards are, on a neural level, to some extent interchangeable as they activate

mutual brain areas. That is, a prestigious company car or respectful leadership may

substitute a pay rise within a reward system to some extent. This finding could

therefore be used to encourage certain diversity in the use of management rewards.

In today’s work environment money is undoubtedly the most common reward

(Gunkel et al. 2009) but our results suggest that other types of rewards might be

similarly effective. Therefore, we suggest extending the role of non-monetary

rewards at the workplace (e.g. a good leader, a sound working atmosphere or other

non-monetary benefits) because a higher income or financial bonuses might be too

short-sighted in many cases.
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We also find that personality-based rewards are more rewarding, and thus are

presumed to impact on motivation to a greater extent. Consequently, organizations

should consider their employees’ needs when setting up reward systems. According

to our findings, individuals with a high need for achievement, affiliation or power

are more effectively rewarded by a closely corresponding reward. Rewards that do

not closely match an employee’s needs may also be rewarding but, according to our

results, certainly to a lesser extent. Therefore, reward systems that consider the

importance of this match provide the chance of having a higher impact on the

employee’s motivation and, thus, might also be more efficient.

Finally, as our findings suggest that there is potential benefit for organizations in

knowing the predominant needs of their employees, organizations might sensitize

leaders to determine information about these individual needs. Moreover, leaders

could adapt their leadership style so that employees are motivated to express their

predominant needs. Either way, using individual needs for motivational purposes

requires being informed about them.

In this study certain limitations should be considered. Practical restrictions forced

us to hypothetically reward the study participants and therefore we only provided a

fixed pay-off. We are aware of the fact that economic experiments are usually fully

incentivized, while study designs commonly used in social neurosciences do not

necessarily deem this. With respect to our treatments (money, respectful leader,

company car) we decided to incentivize none of these treatments to avoid potential

confounding effects when only a monetary compensation could have been provided.

Consequently, all three rewards were presented hypothetically. However, results

should not be biased except if the hypothetical rewarding differentially impacts on

neural activations within the three reward treatments (e.g. Falk et al. 2008). In this

regard, there is evidence that supports the validity of using hypothetical rewards in

experiments (e.g. Madden et al. 2003, 2004), which is why no such differential bias

was expected for the current study. Nevertheless, we acknowledge that this might

limit the validity of our study and it is certainly worth also studying the

neurophysiological foundation of rewards that are actually given to study

participants in future studies. Secondly, we did not investigate cultural differences

regarding rewards. Future research might address this issue and study the impact of

cultural preferences regarding rewards and the match between need and rewards.

Thirdly, the participants of our study were MBA students. Even though they had

work experience it might be valuable to conduct a future study on employees, as the

relevance of rewards may depend on the years of work experience. Fourthly, due to

the fact that in the current study participants had to stay in the MR-scanner for

approximately 45 min, fatigue effects are possible. Thus, the length of the

experiment might have influenced neurological findings. Moreover, as in most

experimental studies, the question remains open as to whether the results of this

study hold for real-life settings outside the laboratory (i.e. the study’s external

validity needs to be proven). However, studies looking into the external validity of

subjects’ behaviour in the laboratory usually show promising results (e.g. Benz and

Meier 2008; Rustagi et al. 2010). Finally, this study was limited to investigating

certain needs and rewards. Thus, the generalizability of current findings to other

needs or rewards might be limited and should be made with caution. Future studies
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could, for example, include needs from other theories (e.g. Maslow 1943) and could

further replicate the results with additional rewards.
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Appendix

Additional information on the human brain

Anatomically, the brain can be structured into several areas. The important point is

that these areas contribute to different tasks. Some areas are responsible for

conscious perception, thinking, and acting. Others are engaged, for example, in

motoric processes, repetitive automatisms, emotions or vital functions. This

knowledge is not really new as we have known about key regions and their

function for many years from brain injuries, in which persons have lost their ability

for a specific task (e.g. a person is no longer able to speak); but with the use of

contemporary methods this knowledge has been deepened and we can locate even

small areas on a very detailed basis. To provide an idea of the accuracy now

possible: voxels, the basic sampling units of MRI, are about one to two mm in each

dimension in structural MRI or three to five mm in functional MRI (Huettel et al.

2009).

As a consequence, a verbal description of brain areas (such as the ‘occipital

gyrus’ or ‘amygdala’) is no longer sufficient in scientific discussion. For a better

positioning and description of activated brain areas, further classifications are now

used. In publications, the fragmentation of the brain into 52 areas by Brodman, the

3D coordinate-system by Talaraich, or the MNI templates developed by the

Montreal Neurological Institute are often cited (Ahlert and Kenning 2006; Poldrack

et al. 2011). These and other classifications and coordinates allow us to clearly and

distinctly allocate specific parts in the brain.

Similarly, our knowledge about tasks and functions of different brain regions has

expanded dramatically. We can differentiate parts in our brain that—broadly

speaking—contribute to, for example, emotions, listening, calculating, social

cognition, decision-making, speaking and so forth. In the meantime the literature

on brain areas, associated networks and their function has become increasingly

fragmented, containing numerous results, partial results, and contradictory findings.

For this reason it is absolutely indispensable to elaborate the relevant literature at

length before jumping to conclusions.
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Additional information on neuroscientific instruments

In neuroscientific research, various methods are used that differ in technical

functionality and especially in spatial and temporal resolution.3 Electroencephalog-

raphy (EEG) and the magnetoencephalography (MEG) measure electrical currents

or magnetic fields that occur in the brain. Positron emission tomography (PET) and

(functional) magnetic resonance imaging (fMRI) capture metabolic changes in the

brain. During PET, radioactive substances are injected, which can be recorded

throughout the examination. During fMRI, the different magnetic characteristics of

deoxygenated and oxygenated blood are captured.

Of those methods, EEG and MEG have the highest temporal resolution due to the

possible measurement of activation changes in only milliseconds. Spatial resolution is the

most exact in fMRI and enables the localization of activation down to a few millimetres.

fMRI, PET and MEG are able to depict subcortical areas, whereas EEG basically cannot

depict subcortical structures. In addition, numerous other methods exist in neurosciences

(e.g. intracranial electroencephalography (iEEG), genetic studies, pharmacological

interventions, transcranial magnetic stimulation (TMS), electrical stimulations, and

examination of brain damage), which would not be appropriate for the use in

neuroeconomics because they are unsuitable in terms of spatial and temporal resolution

or their application for non-medical purposes is restricted due to ethical reasons.

In recent years, (f)MRI has become the most popular method used in

neuroeconomic research. As already mentioned, there are two possible ways to

use an MRI-scanner, either for a structural or for a functional scan of the human

brain. The first depicts the brain and its structures (e.g. lobes) and is used to examine

the anatomy of the human brain. The latter—fMRI—enables the observation of

brain activity. It pictures the functioning human brain in a proper spatial and

temporal resolution of a few millimetres and seconds (Huettel et al. 2009). Its good

resolution is the reason why this method can be used in social science. Spatial

results are accurate and the delay between task-solving and imaging is sufficiently

small to allow the testing of scientific hypotheses.

Even when the technical details are complicated, neuroscientists use a somehow

simple idea to measure brain activity. As we already know, during the solving of a

task some brain areas are activated and others are not. These activated areas require

energy and therefore they consume oxygen, which is transported by the blood

(Huettel et al. 2009). Oxygenated blood has magnetic characteristics other than

those of deoxygenated blood and these differences can be measured with a strong

magnet—an MRI-scanner. This contrast is called the BOLD signal (blood-

oxygenation-level-dependent contrast). When a brain area is activated, oxygen is

consumed, which results in a change of the BOLD contrast. This allows conclusions

to be made on whether a brain area contributes to solving a specific task or not. For

the sake of accuracy we want to point out that we do not measure neural activity

directly but rather the metabolic consequence of this activation (Huettel et al. 2009).

3 A short description of the most important methods can be found in various articles (e.g., Camerer et al.

2005; Ahlert and Kenning 2006; Peters and Ghadiri 2011; Reimann and Weber 2011). For a more in-

depth discussion of the subject of fMRI see Huettel et al. (2009) or Poldrack et al. (2011).
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Additional information on MRI data acquisition

In this study all stimuli were presented using Presentation 16.0 (Neurobehavioral

Systems, Albany, CA, USA) and projected onto a semi-translucent screen

positioned approximately 1.5 m in front of the scanner. All participants wore a

head coil with an attached mirror to allow them to view the visual stimuli on the

vertically mounted screen.

Imaging was done on a 3.0T Magnetom Skyra (Siemens Medical Systems,

Erlangen, Germany) using a 32-channel head coil. For each treatment, 276 BOLD-

sensitive T2*-weighted functional images were acquired using a single-shot gradient-

echo EPI pulse sequence (TR = 2400 ms, TE = 30 ms, flip angle = 90�, slice

thickness = 3.5 mm, distance factor = 0%, base resolution 68 9 68,

FOV = 240 mm, 36 slices per volume). Images were recorded transversally in

interleaved ascending mode and parallel to the anterior commissure–posterior

commissure (AC–PC) plane. Additionally, high-resolution structural images were

acquired using a T1-weighted MPRAGE sequence (TR = 2530 ms, TE = 2.26 ms,

flip angle = 9�, matrix 256 9 256, FOV = 256 mm, voxel size = 1 mm3 isotropic).

Additional information on MRI data analysis

Functional MRI data analysis was performed using Statistical Parametric Mapping 8

(SPM8; Wellcome Dept. of Imaging Neuroscience, London, UK). Preprocessing

steps included motion correction (all functional images were spatially realigned to

the first functional image), slice time acquisition correction, and spatial normal-

ization into the standard space (Montreal Neurological Institute; MNI) using the

Echo-Planar Imaging (EPI) template provided in SPM8. Finally, the functional data

were smoothed using a Gaussian filter of 8 mm. A high-pass filter with a cut-off

frequency of 1/128 Hz was employed in order to remove low-frequency drifts.

At the first level of the analysis, each participant’s preprocessed data were

analysed using the principles of the general linear model (GLM), as implemented in

SPM8, on a voxel-by-voxel basis. Thus, we modelled regressors within each trial

(Correct vs. Incorrect, as indicated by the green framing when the feedback was

given; please see Fig. 1). Additionally, we modelled three regressors of no-interest

(Mask, Fixation and Motor Response, which indicated individual reaction time).

Linear t-contrasts (Correct[ Incorrect and Incorrect[Correct) were computed.

At the second level, the contrast images from all participants were entered into a

one-sample t-test to assess the population mean effects. At this point it is important

to note that the symbol for high income (i.e. a bundle of banknotes; Money?) was

always framed when the task was solved correctly, whereas the symbol for low

income (i.e. a few coins; Money-) was always framed when the task was solved

incorrectly. Thus, the simple contrast in the money treatment can be described as

‘Money?correct[Money-incorrect’ or vice versa. The same holds true for the

remaining treatments and the control treatment. Since the simple contrasts of the

treatments are confounded with correct/incorrect answers, a contrast of the simple

contrasts was calculated in order to identify brain regions sensitive to the rewards

but controlling for activations that evoke from the pleasure of answering a task
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correctly (see e.g. Gureckis et al. 2011). Thus, the following contrast of simple

contrasts was calculated: ‘Money?correct[Money-incorrect’[ (Arrow?correct[
Arrow-incorrect). Since the simple contrast of money treatment and the control

represents neural activations that relate to the pleasure of solving a task correctly,

these reward-associated activations remain unnoted in the contrast of the simple

contrasts.

Whole brain activations were family-wise-error (FWE) corrected for multiple

comparisons using a voxel-level FWE of p\ .05, as a measure of significance; only

activation clusters exceeding a spatial extent threshold of 49 voxels are presented.

Additionally, mean per cent signal change was extracted for each ROI using

MarsBaR software (Brett et al. 2002). Per cent signal change was related to

individual ratings on needs.
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