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1ST LESSON LEARNED
First, this study elicited grief, and many of my research questions were about grieving.

§ We might hypothesize that activation in brain 
regions would change over time, perhaps a 
decrease in nucleus accumbens activation 
while learning that the deceased is really 
gone.

§ But this remains a hypothesis without 
longitudinal study: Individual difference in 
nucleus accumbens activation might be high in 
acute grief (even prior to loss) and remain 
elevated across time.

§ We don’t know if PGD is like extended acute 
grief, or can be detected earlier in the 
encoding of the attachment bond.



2ND LESSON LEARNED

Second, the passive response to 
eliciting a wave of grief did not 
image how grief might influence 
other mental functions, like attention, 
memory, sense of self, etc.

Passive tasks are important for 
attachment response.

But I also turned to tasks which still 
focused on grief instead of 
grieving, but elicited specific mental 
functions.
 Emotional Counting Stroop Task
 Approach Avoidance Task



EMOTIONAL COUNTING STROOP:
LEARNING IN ONE SESSION
The emotional-counting Stroop can be used in 
the neuroimaging scanner.

If the problem in grieving is the failure to 
learn that the deceased is really gone and 
what that means for our lives, could we 
capture learning during a single laboratory 
session?

Whalen et al., Biol Psychiatry, 1998 

General negative and OCD-related words were always blocked
together for presentation, as were the corresponding neutral words.
The validity of included Neg and Neu words had been determined
previously (see Wilhelm et al 1996). The hierarchy for selection of
word stimuli emphasized first disorder relevance followed next by
inclusion of words in a single category (seeWilliams et al 1996). By
selecting words that were particularly arousing to OCD patients
(Wilhelm et al 1996) and requiring that neutral words also belong to
a single category (i.e., household items), we constructed lists that
were matched for frequency of usage (Francis and Kucera 1982),
word length (i.e., number of characters), and semantic category (i.e.,

household items vs. negatively valenced words). Neutral and neg-
ative words were not matched for part of speech. Order of presen-
tation of Neg and Neu words was counterbalanced across 8 subjects.
That is, 4 subjects were presented with Neu word blocks followed
by Neg word blocks during their first run, and the order was
reversed for the other 4 subjects. In addition, presentation order of
general negative and OCD-related word blocks was independently
counterbalanced across these 8 subjects. The addition of the 9th
subject did not change the results.

Apparatus
Word stimuli were presented via standardized software (Mac-
Stim, Inc.), using a Macintosh 100-MHz PowerPC computer
with a Radius interface (model 0355, Videovision) and projected
via a Sharp XG-2000V color LCD projector through a collimat-
ing lens onto a hemicircular tangent screen. This rear-projection
screen (Dalite Corp.) was secured vertically within the magnet
bore at neck level after the subject had been positioned. Stimuli
on the screen were visible via a 1.5 ! 3 in. mirror positioned
approximately 6 in. from and directly above the subject’s eyes.
Functional magnetic resonance images were collected with a

General Electric Signa 1.5-T high-speed imaging device (modi-
fied by Advanced NMR Systems, Wilmington, MA) using a
quadrature head coil. Our Instascan software is a variant of the
echoplanar technique first described by Mansfield (1977). Head
stabilization was achieved using a plastic bite bar, molded to
each subject’s dentition.

Functional MRI Data Acquisition
Our standard image acquisition protocol was utilized and has
been previously described elsewhere (Cohen and Weisskoff
1991; Kwong 1995). An initial sagittal localizer [spoiled gradient
recall acquisition in a steady state (SPGR), 60 slices, resolution
0.898 ! 0.898 ! 2.8 mm] was performed to provide a reference
for subsequent slice selection. Following automated shimming
(Reese et al 1995) to maximize field homogeneity, a magnetic
resonance (MR) angiogram (SPGR, resolution 0.78125 !
0.78125 ! 9.0 mm) was acquired to identify large- and medium-
diameter vessels. Then a set of T1-weighted high-resolution
transaxial anatomic scans (resolution 3.125 ! 3.125 ! 9 mm)
were acquired. For the functional series, asymmetric spin-echo
(ASE) sequences were used to minimize macrovascular signal
contributions. Functional ASE data were acquired as 12 contig-
uous, interleaved, horizontal, 9-mm-thick slices that paralleled
the intercommissural plane (voxel size 3.125 ! 3.125 ! 9 mm;
150 images per slice, repetition time/echo time/flip angle" 2000
msec/70 msec/90°). Ten initial functional ASE images were
collected (and discarded) prior to the first fixation epoch to
eliminate initial magnetization effects.

Functional MRI Data Analysis
Data analysis began with quantification of subject motion and
subsequent correction (Jiang et al 1995) based on the registration
algorithm of Woods et al (1992). Both functional and high-
resolution structural data were then placed into normalized
Talairach space (Talairach and Tournoux 1988).

Figure 1. Summary of stimulus presentation paradigm. The top
portion of this figure presents representative examples of a single
neutral and negative trial. See Table 1 for a list of words used for
each condition. For each trial, subjects counted the number of
words on the screen and reported their answer via button press
(the answer was always 1, 2, 3, or 4). The lower portion of this
figure depicts how these 1.5-sec trials were blocked for a single
run. Immediately following a 30-sec fixation block (Fix), sub-
jects completed alternating 30-sec blocks where neutral (Neu)
and negative (Neg) words were presented. Stimulus presentation
blocks were then immediately followed by a 30-sec Fix block.
For the second run the block order was counterbalanced. In
addition, the appearance of one to four words per trial was
balanced across conditions within each run.

Table 1. Word Stimuli Used for Present ecStroop Study

Neutral

Negative

General
negative OCD-related

tables mirror violence filthy
closet bowl deceit dirty
corridor cabinet murder toilet
fan cellar contempt sweat
cushion glass painful shit
curtain dishwasher hazard mess
pan mailbox torture guilty
porch mixer danger disease

fMRI Emotional Counting Stroop 1221BIOL PSYCHIATRY
1998;44:1219–1228



EMOTIONAL COUNTING STROOP:
LEARNING IN ONE SESSION

The ec-Stroop made us realize 
the problem with PGD might be 
about: 

inability to learn (domain 
general), 

or distraction slowing one’s 
reaction time, 

or it might be about 
unwillingness to reject the 
deceased loved one (to make 
the stimuli move off the screen).

O’Connor & Arizmendi, J Gerontology, Series B: Psych Sci Soc Sci, 2014

Grief Words Neutral Words



GONE BUT ALSO EVERLASTING HYPOTHESIS

On the one hand, you have a memory of 
that the loved one has died (gone).

On the other hand, you have attachment 
neurobiology, with the implicit belief or 
semantic knowledge that the attachment 
figure is everlasting.

The conflict between these two streams 
of information prevents learning that 
they are really gone and what that 
means for your life, prevents you from 
updating your model of the world.

O’Connor & Seeley, Current Opinion in Psychology, 2022



REWARD LEARNING TASKS?

If learning that an attachment figure is 
really gone (grieving) means no longer 
seeking out the reward associated with 
the deceased, how do we test whether 
that learning has happened?

If the bereaved choose another partner, 
this is one metric, like voles.

In humans, there may be finer-grained 
metrics that this learning has happened.

Is the loved one the reward? Are we 
working in order to obtain the reward of 
the deceased loved one? (Approach 
Avoid Task)

Or does the reward associated with the 
deceased loved one simply distract us 
when our attention is needed elsewhere 
to perform daily activities? (Stroop)

Or can we not bear to choose something 
other than the deceased loved one, to 
turn away, since if we believe they are 
everlasting, we would be rejecting our 
one-and-only? (Forced choice)



3s
~7m

APPROACH AVOIDANCE TASK

Stimuli
 Deceased
 Living loved one
 Stranger
 Grief (generic) 
 Neutral

Arizmendi et al, 2023, Eur J Trauma & Dissociation



Arizmendi et al, 2023, Eur J Trauma & Dissociation



PROLONGED 
GRIEF SHOWS LESS 
APPROACH BIAS 
OVERALL

Arizmendi et al, 2023, Eur J Trauma & Dissociation

Those with PGD seek 
reminders of the deceased but 
avoid reminders of the death 
or their grief.

Overall, the CG group 
showed less approach bias 
regardless of stimulus 
category



We hypothesized that the contrast of 
spouse vs. stranger would produce a 
greater response bias than the contrast 
of non-specific grief vs. neutral. To 
test this hypothesis, we analyzed the 
difference between the two contrast 
estimates (spouse vs. stranger and non-
specific grief vs. neutral). 

The contrast comparisons indicated that 
participants showed significantly more 
approach bias on spouse vs. stranger 
trials, whereas response bias did not 
significantly differ in non-specific grief 
trials vs. neutral trials. 

Contrast estimate SE df t p

neutral -
generic 
grief 13.74 16.40 38 0.84 0.408

neutral - living -30.35 11.10 38 -2.73 0.077
neutral - spouse -36.45 11.90 38 -3.07 0.035
neutral - stranger 0.81 11.30 38 0.07 1.000
generic 
grief - living -44.09 17.60 38 -2.51 0.099
generic 
grief - spouse -50.19 18.90 38 -2.66 0.080
generic 
grief - stranger -12.94 16.50 38 -0.78 1.000
living - spouse -6.10 14.30 38 -0.43 1.000
living - stranger 31.15 13.80 38 2.25 0.151
spouse - stranger 37.26 10.60 38 3.51 0.012

Arizmendi et al, 2023, Eur J Trauma & Dissociation (suppl. material)



IS THE PROBLEM APPROACH OR AVOID?

Our results indicate that widowed older adults show different approach/avoid biases 
depending on whether the “grief-related” stimulus is a personal photo of the deceased, or a 
non-specific reminder of death (such as a photo of a casket). 

Participants broadly demonstrated a greater approach bias for the spouse compared to non-
specific grief images. Thus, conflicting accounts of approach/avoidance in PGD could be 
reconciled by considering the targets of that behavior. 

For example, a person might be motivated to engage in proximity-seeking behavior (e. g., 
reminiscence) when reminded of their deceased loved one, and also motivated to avoid 
confronting the reality of their death (as in the rumination-as-avoidance hypothesis). 

Differential response results also corroborate Eisma and colleagues’ (Eisma et al., 2015) 
finding that rumination was only predictive of avoidance when photos of the deceased were 
paired with grief-related (e.g., “dead”), but not when photos of the deceased were paired 
with neutral words. 



ARIZMENDI ET AL., 2023 IS STILL A GRIEF STUDY, 
NOT A STUDY OF GRIEVING

Understanding whether approach/avoid motivation changes over time (during grieving) is an 
unanswered question.

TIME 1 TIME 2 TIME 3



2ND LESSON LEARNED

Individual difference in nucleus accumbens
activation might be high in acute grief (even 
prior to loss) and remain elevated across time.

We don’t know if PGD is like extended acute 
grief, or can be detected earlier in the 
encoding of the attachment bond.

Perhaps individual differences in 
neurobiological factors exist.



DIFFERENTIAL 
IMPACT OF 
OXYTOCIN ON 
PROLONGED GRIEF

In the placebo condition, across 
all stimuli, the PGD group was 
significantly more avoidance-
biased. 

The PGD group became 
significantly more approach-
biased under oxytocin.

Individual difference: NAcc could 
have more receptors in PGD, 
could have more affinity, or could 
be less plastic to change during 
grieving. Arizmendi et al, 2023, Eur J Trauma & Dissociation



FINAL LESSON LEARNED

The studies so far are investigating 
coping with loss-oriented stressors, 
such as emotion regulation in the 
face of waves of grief, approach 
motivation to mentalization of the 
deceased, etc.

What about restoration-oriented 
stressors/tasks?

Is avoidance the same as lack of 
exploration, a motivational system 
potentially undermined by the lack 
of an attachment figure as a secure 
base?



MENTAL HEALTH IS NOT THE ABSENCE OF MENTAL 
ILLNESS

Not 
developing 
PGD, MDD, 

PTSD

Restoring a 
meaningful 

life

Mental health is a state of well-being in 
which an individual realizes his or her 
own abilities, can cope with the normal 
stresses of life, can work productively 
and is able to make a contribution to his 
or her community (World Health 
Organization, Mental health atlas 
2020).

https://www.who.int/publications-detail-redirect/9789240036703
https://www.who.int/publications-detail-redirect/9789240036703
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