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Using fMRI data, this paper looks at how the processing of positive (preference reinforcing) and negative (preference challenging)

marketing messages is affected by time of day. We find that there is differential activation of the brain’s goal-directed versus habit

areas in the morning vs. evening.
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140 / Context Effects on Processing Positive and Negative Stimuli in fMRI Data

Participants were scanned during three functional runs while 
making judgments about whether or not the word appearing with 
the name of a person or brand described a facet of their relationship 
with the target.  Within each block, four trials included the same 
one brand (or one person) and were concurrently presented with a 
sequence of four different relationship words. A target (e.g, close 
or distant brand) was presented on the screen along with a fixation 
cross for 500 msec. A relationship word then appeared below the 
fixation cross for 4500 msec, during which time the participant made 
the relationship judgment.  Participants indicated whether or not the 
word described their relationship with the given brand or person by 
pressing the key under their index finger for ‘yes’, or middle finger 
for ‘no’.  They were asked to make each judgment as quickly, yet ac-
curately, as possible. The total fMRI session lasted about 45 minutes.  

Consistent with prior findings by Yoon et al. (2006), we found 
that MPFC was implicated in judgments for relationship with people 
and LIPC for relationships with brands. Moreover, the enhanced 
engagement of the reward-related regions to self-relevant informa-
tion was found for close person relationship judgments only, as evi-
denced by a significant interaction of Close minus Distant Persons, 
in contrast to Close minus Distant Brands.  However, we did not find 
any support for the notion that the reward-related regions are dif-
ferentially engaged during judgments about relationships with close 
(vs. distant) brands.  

The results of Study 1, in fact, suggested that our ability to de-
tect neural responses to judgments about relationships with brands 
were compromised. While the activations in reward-related regions 
for relationship judgments about close people were robust, they 
completely swamped any neural signal changes for brand relation-
ship judgments. Based on these findings, we hypothesized that neu-
ral measures are highly sensitive to context and limiting the study 
task to brand relationship judgments may be necessary to observe 
differences in neural activations in reward-related regions. This idea 
was tested in a follow-up study.

In study 2, 18 (9 female) individuals participated in the be-
havioral and fMRI sessions that closely followed the procedures in 
Study 1.  The target stimuli however comprised only close and dis-
tant brands.  As expected, study 2 results indicated enhanced activa-
tions in the MPFC as well as the OFC for close versus distant brands. 

The two studies, taken together, serve to highlight the impor-
tance of accounting for the experimental context in assessing and 
interpreting neural findings. Theoretical and methodological impli-
cations are discussed.

Goal-Directed Versus Habitual Responding 
at Different Times of Day

ExTENDED ABSTRACT
Contemporary theories of instrumental learning suggest a du-

al-process model: a simple, though less flexible, stimulus-response 
system and a more cognitive goal-directed system (Dickinson & 
Balleine, Animal Learning & Behavior, 1994). The critical distinc-
tion between the two is that the goal-directed system maintains an 
active representation of an outcome, or goal, such that a change in 
the expected outcome (or a change in a person’s motivational state) 
should change behaviour. There is accumulating evidence that the 
caudate nucleus plays a role in this process, whereas its sub-cortical 
neighbour, the putamen, sub-serves cognitive functions more limited 
to stimulus-response, or habit, learning (Grahn, Parkinson, & Owen, 
Progress in Neurobiology, 2008). Measures of anatomical and func-
tional connectivity demonstrate a clear link between the caudate and 
regions of the frontal lobe known to be responsible for ‘executive’ 

functions that require the generation and monitoring of appropriate 
strategies, and evaluation of potential outcomes for successful per-
formance (e.g., the globus pallidus acts as the hub for connections 
between caudate and frontal cortex; Doyon et al., European Journal 
of Neuroscience, 1996).

Of particular interest to this paper, is that caudate nucleus is 
highly innervated by dopamine neurons and that there is significant 
increase in the concentration of dopamine in the caudate nucleus dur-
ing sleep (we measure and confirm this via related levels of cortisol in 
participants’ saliva samples). We hypothesise that this should engage 
individuals in more goal-directed behaviour in the morning. In par-
ticular, it has been demonstrated that the caudate is highly involved 
in learning and memory, particularly regarding feedback processing 
(Packard, & Knowlton, Annual Review of Neuroscience, 2002). We 
therefore hypothesized that consumers would respond differently at 
different times of day to marketing messages that challenge versus 
reinforce established preferences for products or services. 

Participants were immersed in an fMRI scanner throughout. 
During Stage 1, participants indicated their preferred brand (among 
6) within 6 product categories (e.g., chocolate bars, yogurts, laundry 
detergents). Participants were exposed to all possible pairings within 
a category, providing a preference rank order. 

During Stage 2, participants repeated the task, but first read 
a statement relating to one of the brands shown before choosing. 
The statements were based on known key drivers behind consumer 
choice in each category from TNS market research data. There were 
4 statement types designed to either reinforce their brand preference 
or to reverse their revealed preference. Statement types 1 and 2, be-
low, encourage switching, by devaluing the preferred brand relative 
to the alternative, whereas statement types 3 and 4 reinforce the pre-
viously preferred brand. 

1. A positive statement about the previously non-preferred 
brand (e.g., if the preferred brand is compared to Cad-
bury’s Dairy Milk: “Cadbury’s Dairy Milk stimulates the 
brain’s pleasure centres better than any other chocolate 
bar”)

2. A negative statement about the previously preferred brand 
(e.g., if Mars was the preferred brand: “In blind taste 
tests, Mars is consistently rated as the lowest on flavour 
and richness against its key competitors”). 

3. A positive statement about the previously preferred brand 
(e.g., if Mars was the preferred brand: “Mars outsells 
every other chocolate bar on the market”).

4. A negative statement about the previously non-preferred 
brand (e.g., if the preferred brand is compared to Twix: 
“Twix has the highest number of calories and additives of 
any chocolate bar”).

The more participants engaged the goal-directed (habitual) sys-
tem to make choices during stage 2, the more (less) sensitive they 
should be to information that devalues their preferred brand and the 
more they should reverse their choices from stage 1. 

The data were then divided into AM vs. PM testing periods to 
find out whether consumers are more likely to switch (when prompt-
ed by an appropriate statement) in the morning or evening. The 
choice data showed that negative statements about a preferred brand 
and positive statements about a less-preferred brand significantly in-
creased the tendency to select the previously less preferred brand to a 
greater degree in the morning than in the evening. The fMRI images 
show that these switching statements engaged goal-directed brain ar-
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eas (caudate nucleus, globus pallidus and frontal cortex) more in the 
morning more than the evening. 

In contrast, the habit system was more influential in the after-
noon than in the morning. Positive statements about the preferred 
brand and negative statements about a less-preferred brand resulted 
in significantly higher preference consistency in the evening than 
the morning. The fMRI images show that reinforcing preferences 
resulted in greater activation in habit learning brain areas, such as 
the putamen. 

The results show that the same information is processed differ-
ently based on the readiness of specific brain areas. Goal-directed 
brain areas were more active in the morning, resulting in a greater 
response to marketing communications that challenged revealed 
preferences. In contrast, habit forming brain areas were more active 
in the evening, resulting in a greater response to marketing messages 

that reinforced preferences. These results are similar to behavioural 
data that showed variety-seeking in terms of switching away from 
a leading brand was more common in the morning than in the af-
ternoon (Roehm & Roehm, Marketing Letters, 2004). The authors 
speculated that variety seeking provided stimulation, and that the 
diurnal arousal-peak in the afternoon resulted in a lower utility for 
such stimulation. Our results suggest a different picture, namely 
that consumers are more habitual in their behaviour late in the day 
because of increased activity in the brains habitual learning areas 
versus goal-directed learning areas. As such, this finding builds on 
the result that older adults perform resource-demanding tasks—such 
as a message’s argument strength—better in the morning than in the 
afternoon or evening (Yoon, Lee & Danziger, Psychology & Market-
ing, 2007).


