
www.sciencedirect.com

c o r t e x 8 8 ( 2 0 1 7 ) 2 0 1e2 0 4
Available online at
ScienceDirect

Journal homepage: www.elsevier.com/locate/cortex
Discussion forum
Visual short-term memory binding deficits
in Alzheimer's disease: a reply to Parra's
commentary.
Yuying Liang a, Yoni Pertzov b, Jennifer M. Nicholas a,c,
Susie M.D. Henley a, Sebastian Crutch a, Felix Woodward a and
Masud Husain d,e,*

a Dementia Research Centre, Department of Neurodegenerative Diseases, UCL Institute of Neurology, London, UK
b Department of Psychology, The Hebrew University of Jerusalem, Israel
c Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, UK
d Nuffield Department of Clinical Neuroscience, University of Oxford, UK
e Department of Experimental Psychology, University of Oxford, UK
We share Parra's enthusiasm regarding the potential for early

diagnosis of Alzheimer's disease (AD) using tests thatmeasure

binding processes in short-term memory.

A key distinction that has emerged between associative

memory tests is whether they probe “relational” or

“conjunctive” binding. Conjunctive binding refers to the abil-

ity to form a unitary representation of an item composed of

several elements, e.g., its shape and colour. By contrast,

retrieval of multi-feature items that can be performed by

remembering individual parts separately (e.g., identity and

location) is considered to depend upon relational binding.

Below we consider some issues regarding tasks that use

“relational” or “conjunctive” binding processes with respect to

early diagnosis of AD.
1. Format and structure of memory

Parra argues that to unveil binding-specific impairments, a

task should demonstrate that impairments in binding cannot

be accounted for simply by deficits in processing constituent

parts. Furthermore, he contends that this has not been the

case for relational memory tasks involving objectelocation

associations (Chalfonte & Johnson, 1996) when tested in

healthy old people.
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We agree with the first claim that binding-specific im-

pairments should be based on tasks that are able to distin-

guish the different processes (memory for constituents vs the

binding of constituents) but we disagree with the suggestion

that relational memory tasks do not adhere to this demand. In

fact, our “What was where?” relational memory task suc-

ceeded in showing a binding-specific deficit in patients with

focalmedial temporal lobe disease (as a result of voltage-gated

potassium channel antibody mediated encephalitis; Pertzov

et al., 2013) as well as asymptomatic mutation carriers for

FAD (Liang, Pertzov, et al., 2016). In both cases, recognition and

localisation performances were normal (as assessed by

localization of one item and the “nearest item control” anal-

ysis for three items) but there was a specific impairment in

associating the correct items to their correct locations. These

two studies suggest that relational memory tasks are indeed

able to “unveil binding-specific impairments” in the context of

normal processing of the constituent parts.

We also note that the task we used is quite different from

those employed by Chalfonte and Johnson (1996). They used

different tests of identity memory, location memory and

identity-location binding. On each, they obtained a single,

discrete binary measure of performance (correct or incorrect).

In contrast, our task has both a discrete measure of identifi-

cation accuracy and a continuous, analogue measure of
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location memory. In our opinion, it also has the added

advantage of providing metrics of object identity and location

memory as well as identity-location binding within the same

task.
2. Memory at the boundaries between
normal and abnormal aging

According to Parra, a good diagnostic task for AD should rely

on measures that are not influenced by age, such as the

“conjunctive” binding task he and his colleagues have devel-

oped (Parra et al., 2009; Parra, Abrahams, Logie, Mendez, et al.,

2010). In our opinion, the best task should have the highest

predictive power when comparing individuals who will

develop AD to age-matched controls (who do not share the

same risks). The fact that a parameter in a task is sensitive to

aging does not disqualify it from being a sensitive task for

diagnosing AD.

We agree with Parra that a good diagnostic test for AD

should readily distinguish it from age-related cognitive

decline. This is clearly an important issue as it can be chal-

lenging to differentiate cognitive dysfunction due to aging

from those caused by early stages of sporadic AD clinically.

Parra claims that the “conjunctive” binding task he and his

colleagues have developed is specific for AD and is unaffected

by healthy aging (Brockmole, Parra, Della Sala, & Logie, 2008;

Parra, Abrahams, Logie, & Della Sala, 2010). In contrast, rela-

tional binding is said to be impaired in both healthy aging and

AD as it is hippocampus- dependent and hippocampal atro-

phy occurs in both conditions. As a result, tests based on

relational binding might be less suited to screening of AD

comparedwith those based on conjunctive binding. Below, we

would like to consider some recent studies which may shed

further light on this argument.

A study that examined the effect of aging on conjunctive

binding in 55,753 participants reported a small but significant

age-related impairment in shape-colour binding (Brockmole&

Logie, 2013). It is possible that the effect might in part be

driven by some older individuals who harboured Alzheimer's
pathology in the absence of overt symptoms, i.e., at the pre-

symptomatic stage of the disease. It is also possible that there

is in fact a continuum in conjunctive binding performance

between AD and healthy aging. In terms of relational binding

and aging, we have previously found that, although the

number of swap (binding) errors did indeed increase with age

on the “What was where?” task, crucially, this age-dependent

increase was abolished by taking into account the age-related

decline in recognizing the correct items (Pertzov, Heider,

Liang, & Husain, 2015).

Thus, across different studies (Liang, Pertzov, et al., 2016;

Pertzov et al., 2015), healthy older individuals appeared to

show a different pattern of deficits compared to both

asymptomatic FAD mutation carriers (who had an isolated

deficit in relational binding) and symptomatic carriers (who

had impaired memory for object identity and location as well

as in relational binding). However, it is important to note that

swap error was a discrete measure, and was therefore less

sensitive than an analogue measure such as localisation pre-

cision which did show age-related decline (Pertzov et al.,
2015). In summary, the data on the effects of aging on rela-

tional and conjunctive binding are perhapsmore nuanced and

complex than Parra's claims might suggest. Given the afore-

mentioned methodological limitations, further research is

needed to investigate the specificity of binding deficits e both

“conjunctive” and “relational” e in visual short-term memory

for AD with respect to aging, and to define their pathological

thresholds.
3. A new memory paradigm for the early
detection of AD

Parra argues that AD progresses in two stages: a sub-

hippocampal phase characterised by impairments in

context-free memory function such as those assessed by

recognition tasks, followed by a hippocampal stage, when

impairments in context-rich memory functions (namely

associative memory) are observed and which corresponds

clinically to the MCI stage. Although this is an attractive hy-

pothesis based on the Braak and Braak staging scheme of

neurofibrillary changes for typical AD (Braak & Braak, 1991), it

is not yet firmly established to be correct.

Convincing evidence would require longitudinal studies

that follow individuals at risk of AD or FAD from a presymp-

tomatic stage through MCI in which structural and/or func-

tional measurements of the hippocampus and sub-

hippocampal structures are made serially along with cogni-

tive tests including both recognition and associative memory

tasks. However, at present, to the best of our knowledge, such

studies are still lacking for both sporadic and familial AD

(Bateman et al., 2012). In other words, the necessary empirical

evidence for the hypothesis is yet to be established.

In our current study, we found that asymptomatic FAD

mutation carriers performed significantly worse than age-

matched controls in objectelocation binding, a context-rich

memory test, but not on Warrington's Recognition Memory

Tests (RMT) for faces and words (Warrington, 1984) which are

context-free memory tests. It would be difficult to reconcile

these findings with the proposed two-stage hypothesis, at

least on neuropsychological grounds. We appreciate that one

might argue about the relative sensitivities of these tests.

Nonetheless the findings certainly do not provide support for

the two-stage hypothesis. In a separate longitudinal neuro-

psychology study of FADmutation carriers by Liang, Nicholas,

et al. (2016 submitted for publication; also Liang et al., 2012), a

cohort of mutation carriers was tested on both the RMT for

words and faces and the Camden Paired Associate Learning

(CPAL) (Warrington, 1996) (an associative memory test) from a

presymptomatic stage to the development of AD. Performance

on the CPAL declined on average 2.3 years before symptom

onset. By comparison, performance on the RMT for words and

faces declined 1.8 and 1.4 years before symptom onset

respectively. These results are again at odds with the pre-

dictions of the two-stage hypothesis.

Second, in our study, the “What was where?” task was able

to detect objectelocation binding deficits in FAD mutation

carriers who were still in the asymptomatic stage of the dis-

ease. According to the prediction of the two-phase hypothesis,

impaired contextual memory is only apparent in the MCI
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stage. Although there were no significant differences in the

total hippocampal volumes between asymptomatic mutation

carriers and age-matched controls, it is likely that the hippo-

campus was already involved at the asymptomatic stage.

Previous longitudinal imaging studies have demonstrated

that abnormal hippocampal atrophy rates are detectable in

cognitively normal persons at risk of developing both FAD and

sporadic AD, before the development of symptoms and MCI

(Fox et al., 1996; Jack et al., 2004; Schott, Bartlett, Fox, Barnes,&

ADNI Investigators, 2010). According to the two-phase hy-

pothesis however, the hippocampal stage corresponds clini-

cally to the MCI stage.

Lastly, AD is a clinically and pathologically heterogeneous

condition (Dubois et al., 2014; Murray et al., 2011). The putative

two-stage progressionmay not apply to all types of AD such as

the bi-parietal or posterior cortical atrophy variant to the

same extent. There is also likely to be individual heterogeneity

in the extent to which any impairment in context-free and

context-rich memory can be distinguished temporally.
4. Potential clinical utility of the “What was
where?” test

We would argue that because it is short and relatively intui-

tive, our objectelocation binding test is perhaps more

engaging and patient-friendly compared to some “conjunc-

tive” binding tests. It has good face validity for AD as it relates

directly to a common complaint individuals have of losing

track of objects' positions. In addition, as mentioned earlier, it

has a discrete object memory measure as well as an analogue

location memory measure which is very sensitive. Unlike

change detection based tasks (Parra, Abrahams, Logie, & Della

Sala, 2010; Parra, Abrahams, Logie, Mendez, et al., 2010), all

three metrics (object identity, location and binding of the two)

are contained in one test which makes it an efficient method

for assessing people in a clinical setting.
5. Conclusion

At present, it appears that impairments in objectelocation

bindingmemory functions such as those probed by the “What

was where?” test (Liang, Pertzov, et al., 2016; Pertzov et al.,

2013, 2015) can be detected in the asymptomatic stage of AD.

Healthy aging seems to be associated with a pattern of deficits

that is different to AD. However, further research is needed to

clarify whether there is a continuum of impairment between

the two. The “What was where?” objectelocation test we have

developed has several advantages over alternative tasks

probing visual short-term memory binding, making it a

potentially useful clinical research tool.
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