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be discussed in detail in the analysis.

{9) mi-gereft-i
PROG-get-2SG
‘you were getting’

né-mi-gereft-i
NEG-PROG-get-25G
‘you weren‘t getting”

bé-kef-0 n'e&-ker- 0
IMP-pull-2SG NEG-pull-28G
‘pullt” 'don’t pull?”

An interesting shift occurs when derivational
morphology is added to an inflected verbal root.
This occurs, for example, when a negative
infinitive is expressed. Examples are shown in (10).
As seen in {9), conjugated verbal forms receive
stress on the negation morpheme if the form is
negative. Here, it seems stress is reassigned to the
final syllable of the new word.

(10) na-gereft-"®n na- keyid-é
NEG-get-INF NEG-pull-PART
‘to not get’ ‘not pulled’
n&-fost-& na-xabid-"en
NEG- clean-PART NEG-sleep-INF
‘uncleaned’ 'to not sleep’

In the future tense, which is formed by adding
the auxiliary form of the verb 'to want' to the root,
the agreement marker receives stress. Examples are
shown in (11).

(11) xah- { gereft xah- zdkejid
want-25G get want-35G pull
'vou will get' 'sthe will pull’

In aspectual and progressive forms, the stress
again shifts. In the present tense, It shifts to the
agreement marker, and in the past, it remains on the
final syllable of the root, even with the presence of
the progressive prefix which attracted stress in (9).
These verb forms are shown in (12).

(12) daft-m ... dar-azm ...
have-18G have-18G
Twas ... 'Tam..
mi-xast-gm ... mi-xah-&m ..,

PROG-want-18G
'T was going to ...!

PROG-want-15G
'l am going to ..."

Some phrasal verb forms are presented in
(13). These are formed by the addition of
either a conjugated form of the auxiliary 'to
be', or by the addition of the enclitic form of
the auxiliary, to the participial of the main
verb.

Y

F,J’—\J X ‘
grefet-é-im

get-PART CLITIC [be] 2 PL
'we have gotten'

{13) gereft-ébud-zm
g2et-PART be-1SG
1 had gotten'

Finally, there are some words that have word
initial stress. These forms, some of which appear in
(14), are all invariable (they don't accept
affixation).

(14) bzle ‘yes'
zvelzn firstly'
&mma "but'
aya ‘whether'
xéili *alot, very (adjy

The above examples are representative of all the
stress patterns found in Persian. In the next section,
I propose an analysis that describes most of the
patterns, and in the conclusion 1 discuss the
problematic cases.

Optimality Theory Analysis

The accentuation of Nouns, Adjectives, and
Adverbs

Nouns, adjectives, and adverbs are not always
easily distinguished from each other. In fact, words
from one category may take affixes from another
and be used as such in a sentence or phrase. For
example, dzeevdn (A.) 'young' can take the nominal
suffix /-i/ producing the word dzevan-i (N.) 'a
young man/woman'. Following examples like this,
"there is a large group of substantives which,
outside the clause, cannot be classified either with
nouns or with adjectives" (Rastorguava, 1964).
However, within a clause, these words can be
classified through their positions relative to other
words, or through affixation. Though they can take
derivational affixes, adjectives are invariable (don't
show number, definiteness, indefiniteness, etc). The
adverbial category stands out weakly from the
adjectival category, but characteristically found in
certain positions in a phrase. Further discussion of
these categories can be found in Persian reference
grammars (e.g. Mahoutian, 1997, Rastorgueva,
1964; Jazayery, 1961; Lazard; 1992).

With regard to stress, these words display
similar patterns. Non-inflected forms are shown in
(15), derived forms in (16), and forms that carry
inflectional morphemes in (17). Inflectional
morphemes are affixes, which don't change the
grammatical class of the word, but signal
grammatical relationships (agreement, plurality,
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tense, etc.). On the other hand, derivational affixes
are morphemes that change properties like
grammatical class, count, and animacy of the stem
to which they attach,

(15) tzerbij et
'manners’
xab
'sleep’
fema
'order’

Here, the root receives stress on the final
syllable. Since these forms are neither derived or
inflected, they most clearly display the default
direction of stress assignment. In the derived words
in (16), stress again falls on the final syllable,
enforcing the rightward direction of the default, as
seen in (15).

(16) bi- tzrbij st-i
WITHOUT-manners-NOM

(17) bi- taerbij aet-T-af
WITHOUT-manners-NOM-35G

‘rudeness’ 'his/her rudeness’
xab-gah xab- gah-i
sleep-PLA sleep-PLA-INDEF
'dormitory’ 'a dormitory’

frerma-yé/ fzrma-yé[-e

order-NOM order-NOM-EZ

‘order(N.Y ‘the order of'

In (17), the inflected forms display a somewhat
different pattern. In these cases, the stress falls on
the last syllable before the inflectional marker.
From these preliminary observations, we can
demark a morphological structure of these forms
(singular nouns and adjectives), in (18).

(18) [prefix [[f[ root] derivational suffix]]
inflectional suffix ] + enclitic]

1 propose that the stem of a word in Persian
consists of the root in addition to any prefixes and
derivational suffixes. Following the discussion in
Kiparsky (1998), inflexible lexical items are stems.
In other words, the stem consists of all the elements
other than inflectional or enclitic morphology.

From the morphological structure in (18), we
observe that stress is always on a morphological
head. In (16), the root is the head of the word, in
(17), the rightmost derivational suffix is the head,
and the inflectional morphemes added in (18)do
not project functional heads. Following the

discussion of morphological heads in 'Inflection
and  Derivation', derivational  affixes are
morphological heads, and inflectional affixes are
not (Scalise, 1988). In cases where there is no
affixation, the root itself is the head. Williams
(1981) describes the notion of head as determining
"the properties [of the word] as a whole”. And as
mentioned above, derivational morphology changes
the grammatical category of the word, and
inflectional morphology does not. Derivational
morphemes can all be heads, but only few
inflectional morphemes can be functional heads.

Following Revithiadou (1999), I propose a
constraint (19) that requires the most prominent
syllable, or the peak of the word, to be within the
morphological head of the word.

(19) HEADSTRESS: Morphological heads are
stressed.

Furthermore, from {17), we observe that when a
head is longer than one syllable, as in multi syllable
roots, the stress falls on the rightmost syllable of a
word. I posit another constraint, in (20), forthe
directionality of the stress. This constraint can be
expressed by means of an alignment constraint
following McCarthy and Prince (1993).

(20) ALIGN (Pk, Prwd, R): Align the peak to
the right edge of a prosodic word.

The ranking of these two constraints is shown in
(21). The HEADSTRESS constraint must rank
above the ALIGN constraint in order to limit the
boundary of the stress to the morphological head.

(21) HEADSTRESS>>AIGN(Pk,Prwd,R)

In addition, the data presented in (22) further
supports the above mentioned constraints. Here, the
plural morpheme attracts stress from the stem. The
plural suffix is normally considered to be an
inflectional morpheme, however, in Persian, the
plural morpheme can act as a derivational
morpheme.

(22) banu-dn banu- an-¢
woman-PL woman-PL-EZ.
'women' ‘the women of .."

pedar-ha pedzr-ha-efan
father-PL father-PL-3PL
'fathers' "their fathers'

¥5
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Note, that the plural marker has two allomorphs
which alternate according to the semantics of the
root. /-an/ morpheme attaches to animate nouns,
whereas /-ha/ can be used for any noun. This
contrast, prevalent mostly in the literary language,
and other functions of the plural like emphasis and
extension provide evidence for the intermediary
status of this morpheme. The plural morpheme
always occurs after any derivational morphemes
and before any other inflectional morphemes or
enclitics. In Scalise (1988), one of the differences
between derivational and inflectional morphology
is the marking of animacy. Though it is normally
an inflectional morpheme, I argue that word stress
in Persian further supports the claim that the plural
morpheme is considered a derivational morpheme,
and hence a head, in Persian grammar.

The alignment constraint displays the difference
between a purely phonological system and a system
formed at an interface between morphology and
phonology. The constraint (ALIGN) presented in
this section was originally formulated by Prince
and McCarthy (1993) as a tool to account for the
morphology-phonology interaction, which
frequently surfaces in many languages.

The tableau in (23) displays the ranking logic
presented in (21). Each syllable the stress deviates
from the right edge of the word markers one
violation of the ALIGN constraint. Here, the word
varze|-gah-ha-je]  'his’her gym' is used to
demonstrate the ranking.

(23)

/varzef-gah-ha-jel/ HEADSTRESS | ALIGN(R)
a.varzé]-gah-haj &] *! R ¥
b.varze)-gah-ha-jz] *! *
c.varzel-gah-hd-j= *
d.varze]-gah-ha-) =] *1

Though candidates (c) violates the ALIGN
constraint, it is the only candidate left the effects of
the HEADSTRESS constraint. If ALIGN were
ranked above HEADSTRESS, candidate (d) would
have been selected as optimal, since it has word
final stress and does not violate ALIGN.

The Accentuation of Verbs

Verbs in Persian have rich inflectional
morphology and the types of affixation in verbs
seems to give them "recessive stress" (Ferguson,
1951). Samei (1991) provides a simple rule
analysis to account for verbal stress. I propose a set
£

)

of constraints that help explain the dynamics of the
assignment of stress in Persian. Below, I begin with
the simpler cases and in consequent subsections, 1
discuss the more complex ones.

Affirmative

Persian verbs have two roots, a present and a
past: tense is encoded in the root. In some cases,
the transformation between the two forms is
phonologically systematic, but in most the
differences between the two forms have historical
sources which leads to the conclusion that the two
roots are separate lexemes. However, the past root
always ends in /-t/ or /-d/; for example the roots of
'get’ are /gir/ (present) and /gereft/ (past), and the
roots of 'pull’ are /kef/ (present) and /kefid/ (past).
Futher discussion of present and past roots appear
in reference grammars (Mahoutian, 1997;
Rastorguava, 1964; Jazayery, 1961; Lazard, 1992,
for the purposes of this paper, each of the roots is
considered a single morpheme.

For verbs, which are not compounds or complex
predicates, the morphological structure follows the
hierarchy in (24).

(24) [negative [ aspect [[[ root ] personal ending
1 DO marker ]]

The most simple conjugations are the simple
present and the simple past, These verb forms
consist of the relevant verb root and an agreement
suffix which encodes person and number. The
personal suffix paradigms for the two roots differ
only in the form for the third person singular
(present: /-o/, past: /-®/). Verb forms can also
receive a personal suffix marking the direct object,
which would be placed after the pronominal affix.
Aspect and negation are expressed by prefixation.

Possible verb forms in simple tenses appear in
(25), and progressive forms appear in (26).

(25) geréft-em {26) mi-gereft-em
get-1SG PROG-got- 158G
T got' ‘1 got'
Xan-i bé-xan-i
read-28G SUBJ-get-25G
'you read' "if you read’
kefid-im mi-kefid-im
pulled-2PL PROG-pulled-2PL
'we pulled' ‘we pulled'
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These forms can be accounted for by the
ALIGN constraint presented in (22). The root of the
verb is the head of the word in (25), and the
agreement markers are not. The forms in (26) all
have an aspect marker. Persian has two aspect
markers /mi-/ ‘progressive’ and /be-/ 'imperative/
subjunctive’. The aspect markers are functional
heads, though they are inflectional affixes, because
they form their own functional projection.

Negation

The negation of a verb is expressed
through the prefix /nz-/, which is the
morphological head of negated verb forms. In
progressive forms, the allomorph /ne-/ appears
before the /mi-/ aspect marker. Furthermore,
negation doesn't appear simultanecusly with
the aspect prefix /be-/. In these cases, the
aspect prefix is deleted. In simple verbal
constructions, the negation prefix occurs as
the leftmost element. As seen in the examples
in (27), the negation prefix receives stress,
regardless of the word  construction,
unconditionally receiving stress.

(27) v e-gereft-i
NEG-get-25G
‘you didn’t get'

n’'x-xan-i
read-28G
'if you don't read'

né-mi-kefid
NEG-PROG-pull-2PL
*you don't pull’

The  negative morpheme acts as the
morphological head of the word in verbal
forms, because it changes the word's
selectional features and has semantic scope
over the whole utterance. Like the aspectual
maker, the negative prefix is a functional head
that forms a functional projection.

Again, these forms are the result of the
HEADMOST and ALIGN constraints. The
negative morpheme is the head of the word
because it is the rightmost prefix, and the
highest morphological element. The tableau in
(30) shows that though the negative
morpheme is the first syllable of the word '
and violates ALIGN.

-

(28)
/ne-mi- gereft-=m/ HEADSTRESS ALIGN(R)
a./ne-mi- geréft-=m * *
b./ne-mi- gerefi-=m *! *¥x
¢./ne-mi- gereft-"&m *)
d./né-mi- gerefi-em/ Akt

Infinitives and participles

An interesting stress shift occurs in the cases of
infinitives or participles and their negations. A few
examples of affirmative infinitives are listed in
(29). These forms are constructed by the addition of
the infinitival suffix/-2n/ or the participial suffix/-
e/ to the verbal stem. Infinitives and participles do
not fall distinctly in the nominal or verbal
categories. they can take nominal morphology and
they can take objects and subjects as verbs do.

{29) gereft-"=n ke id-¢
get-INF pull-PART
'to get' ‘puuled'
Jost- ¢ xabid-"&n
clean-PART sleep-INF
‘cleaned’ 'to sleep’

The suffixes /-zn/and/-e/ are derivational
morphemes that change the syntactic category of
the word from verb to noun or adjective
respectively. These derivational morphemes act as
the head of these words. The stress in these words
falls on the last syllable, which is the head of the
word.

Some examples of negatives infinitives and
participles are listed in (30). In these cases, the
stress again falls on the derivational infinitival or
participial suffix which is the head of the word
since it is the last morpheme to be added to the
word and therefore the highest morphological
element. These forms can also be accounted for by
the ALIGN constraint.

{30) ne-gereft- &n n&-kejid-é
NEG-get-INF NEG-pull-PART
'to not get' 'not pulled’
n&-fost-e-ha na-xabid-"&n
NEG-clean-PART NEG-sleep-INF
'uncleaned' 'to not sleep

Furthermore, in the plural forms of these
infinitives and participles, in (31), the plural
morpheme attracts stress. This is expected, as

*
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discussed in section 4.1, because the plural
morpheme in these cases acts as a morphological
head.

(31) nz:-fost-e-ha
NEG-clean-PART-PL
'the unclean oncs'

ng-xabid-zn-ha
NEG-sleep-INF-PL
'the lack of sleep'

Thought normally, the rightmost prefix isthe
head and receives stress, in the cases of infinitives
and participles and their plurals, the stress falls on
the ‘outermost’ affix. The head is the last morpheme
to be added to the word which in these cases is the
derivational morphemes and the plural.

Other Cases

There is set of words which do not conform to
any of the patterns we have seen so far, namely,
they always have stress on the initial syllable.
These include words that are normally uttered in
isolation, like interjections, or words like
conjunctions  roughly meaning ‘however' or
'perhaps’, and ordinal adverbs (Ferguson, 1950),
examples are listed in (32). These words might
have retained as accent through diachronic
development. This could be because of historical
stress, Ferguson mentions that Old Iranian had a
weight-sensitive stress, and some patterns might
have carried over through time.

(32)b'=zle 'ves'
‘Evalen "firstly’
‘®mma ‘but’
aya ‘whether'
xéili ‘alot, very (adj)’

These words are exceptions to any of the
aforementioned patterns accounted for by the
interaction of the two constraints. To account for
the initial position of stress in these words, I
propose that these words have underlying accents
which are realized through the faithfulness
constraint in (33) requiring the output to be faithful
to the input. Because there are only a handful of
such words, such an analysis is possible, Also,
These words are all invariable (they do not receive
affixation).

(33) FAITH (ACCENT): Preserve underlying
accents in the output.

¥y
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This constraint is not ranked in relation to the
HEADSTRESS constraint, because these words
can be head and neither constraint eliminates the
optimal candidate. Recall that HEADSTRESS does
not propose a constraint on the directionality of the
stress. However, the FAITH constraint necessarily
ranks above the ALIGN(R) constraint, since
ALIGN(R) requires all stress to fall on the final
syllable of a word. This ranking is presented in
(34).

(34) HEADSTERSS, FAITH (ACCENT) >>
ALIGN (Pk, Prwd, R)

the tableau in (35) shows the ranking of these
constraints dynamically for the grammar to select
the correct form ‘@veeleen firstly'.

(35)
Umvalen / HEADSTRESS | FAITH ALIGN(R)
a. zvaelen **
b.&vel &n *1
c.ev'®len *| *

Testing our ranking for some of the earlier
forms presented in this section, we seen that the
higher ranking of the FAITH constraint does not
effect the grammatical output of elements with no
underlying stress. In (36), the optimal form mi-
gereft-cem 'l didn't get' result from the same
ranking.

(36)
/mi-gereft-em/ | HEADSTRESS | FAITH | ALIGN(R)
a.mi-geréfi-z2m 1 *
b.mi-géreft-zm *1 **
c.mi-gerefi-"2m !
d.mi-gereft-a2m *EE

Recalling the Constraints

The three constraints, repeated in (37), relevant
to the stress system of Persian have been presented
in  this section. HEADSTRESS maps a
phonological feature to a morphologically defined
element, ALIGN maps stress to a larger
morphological constituent, and FAITH preserves a
prosodic feature belonging to a particular
morpheme.  These constraints support the
conclusion that stress in Persian emerges at the
interface and through the interaction of morphology
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and phonology.

(37) HEADSTRESS: Morphological heads are
stressed
ALIGN (Pk, Prwd, R): Align the peak to
the right edge of a prosodic word.
FAITH (ACCENT): Preserve underlying
accents in the output.

Conclusion

Some Remark

The constraints [ have proposed in this analysis
efficiently capture the different pressures that factor
in for the final stress assignment in Persian. The
effects of morphology and phonology are blended
and their individual pressures are not clearly
defined. The extent of one module’s power over the
other becomes fuzzy when analyzing stress. This
paper has exposed the dynamics of stress
assignment in Persian. The constraints which
produce grammatical forms are neither purely
phonological, but occur at the interface of these two
modules.

[ have shown that the ALIGN constraint dictates
the default rightward direction of stress in a word.
But this doesn't always result in word final stress:
the HEADSTRESS constraint draws a boundary
within the head of the word. Then there is the
FAITH constraint which requires prespecified
accents on particular morphemes to realized.

In summary, the position of stress in Persian
does not shift for purely phonological reasons, but
is concerned with the morphological structure of
the word. Also, my analysis takes into account the
fact that it is impossible to find word stress on a
morpheme that is not a head. Unless the accent is
prespecified as in the handful of cases presented at
the end of the analysis section, the stress is aligned
as rightmost as possible.

A few subjects arise as directions for future
resecarch. There are some areas of Farsi stress that
the present analysis cannot account for. These
issues are presented in the following subsections,
But first, I describe other possibie analysis.

Orther Possible Approaches
One possible approach to stress assignment in

Persian is extrametricality (Hayes, 1995).
Extrametricality principles suggest that prosody can

Y

ignore' certain syllables, while abiding by the
following guidelines: "constituents may only be
extrametrical when located at a specified edge, the
unmarked edge in the right one, and
extrametricality may not exhaust the domain of the
stress slues" (Hayes, 1995: 106). Applied to Persian
words, we can analyze certain cases of non-final
stress, by proposing that some suffixes are
extrametrical. In (38), the extrametrical element is
included in the angled brackets (<), and syllables
are represented by .

(3o <g> G- G <g>
mard - <i> gerétt - <mm>

However this analysis runs into problems.
Extrametricality applies to word final constituents,
such as the final syllable. This type of analysis
could not account for the stress of words like koldh-
elan  (hat-POS-2PL),because the suffix in
consideration is disyllabic. Additionally, only
words that cannot accept multiple syllables can be
analyzed through extrametricality, again because
only one syllable can constitute a domain for
extrametricality, which leaves out words like
geréft-em-etan (got-1SG-DO 2PL).Likewise,if we
propose that the extrametrical element is a foot, the
above example (geréft-em-etan} would again be
problematic, since there are three full syllables
ignored by stress assignment.

Another approach te the account of non-
final stress is underlying lexical accents. As
seen in the few examples above, there is an
apparent tendency for stress to fall on the final
syllable of a word. For example, if we were (o
propose that jfermd ‘'to say (V.)has an
underlying lexical accent, then we would not
be able to explain the disappearance of stress
in the derived form ferma-jé| ‘request (N.).
Furthermore, looking at the data presented
thus far and additional data in the analysis
section reflect some phonological tendencies
overlapping with morphological ones. The
presented  analysis spares the superfluous
requirement for so many underlying accents,
providing an elegant alternative.

in this study, I have proposed a set of
ranked constraints that yield a comprehensive
analysis of the stress system. The constraints I
employ in this analysis have been argued to be
universal, as they have been borrowed and
adapted from  theoretical  literature  in
generative  linguistics.
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Domains of Future Research

Stress assignment in Persian follows from a
system of interface constraints. It is the consilience
of the different modules that allow for the diversity
of stress patterns found in the language. In the
remainder of this section, I address some interests
as domains for future research and some
preliminary ideas. Some interesting phenomena
occur in the progressive and aspectual verb forms
and in phrasal verb forms like the future and some
complex past expressions.

Future

An interesting case arises in the formation of the
future tense. The future form is expressed with the
simple present form of the auxiliary verb /xah-/
(present stem of the verb meaning ‘want *)with the
appropriate personal suffix, added to the past root
of the main verb. Some examples are shown in
(39).

(39) xah-"&m reft
want-1 SG go
T will go'

xah-i kefid
want-2 SG pull
'vou will pull’

xah-"@&m gereft
want-1 SG get
'T will get'

Notice that the stress falls on the last
syllable of the auxiliary form, which includes
the personal ending. This is surprising because
the personal endings are inflectional and this
is the only case we see them receive stress.
The future tense formation is a special case,
others have also commented on the special
nature of the future auxiliary (Goldberg 1996).
I propose that the future auxiliary root have an
underlying specification  which accents the
syllable immediately following the root; in
other words, it is a post accenting morpheme.
The prosodic structure of the auxiliary is
presented in (40). Following the discussion in
Revithiadou (1999), the accent above the
auxiliary root is a ‘floating accent’”, and the
landing site of this underlying accent is the
following syllable  which is always an
agreement  suffix.

¥y

(40) * *
xah-o > xah-c

As we will explore further in the next
subsection, the verb xah- ‘to want ’ is special in
Persian. [ propose that different forms of this word
have underlying accents which are realized through
the requirement of the FAITH constraint.

Progressive and Aspectual Phrases

Other than its use in the formation of the future
tense, the verb xast-is also used in progressive and
aspectual phrases. These are modal forms of the
auxiliary verbs xast-to want *,and daft- ‘to have ’.In
phrases and sentences, these two verbs serve to
express willingness to do something and
emphasizing progressive actions. These forms
occur at the beginning of a phrase and can be
separated from the main verb with a number of
elements. As displayed in (41).they have a unique
stress pattern.

(41) d&ft-m... dar-"&m
have-1SG have-18G
‘I was...” ‘Tam...”
mi-xast-gem ... mi-xah-"&m ...
PROG-want-15G PROG-want-18G
‘I was goingto ...’ ‘I'am goingto ...’

These are special cases, firstly because these
forms normally occur at the beginning of utterances
and might be followed by direct ubjects or other
elements; and sccondly, there is a marked
difference in stress assignment in the present and in
the past. Sentence stress differs from isolated stress,
because other elements in the sentence compete for
focus and the pragmatic uses of tone make stress
difficult to distinguish. These modal forms occur in
phrasal constructions, which as seen in the last
section, have a different structure than the simple
prosodic word. I propose that they are accented
underlyingly and are accounted for through the
FAITH constraint presented in the previous section.

Stress in Complex Words

Some interesting stress shifts occur in the cases
of complex formations similar to the formation of
the future tense. These verbal phrases are usually
composed of two prosodic words, including
constructions in which the participial form of the
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verb appear, and forms that use an auxiliary. The
participial form of a verb is constructed by the
addition of the participial morpheme /-e/to the past
root of a verb. Listed in (41} are a couple of
complex forms of the verb ‘to get ’°, expressing
different tenses. The past root of the verb ‘to be ’
/bud-/and its clitic form which is similar in form to
the person suffixes appear in certain tenses.

(41)gereft-¢é bud-zm
get-PART be-18G
‘I had gotten ’

gereft-¢-im
get-PART CLITIC [be }2PL
‘we have gotten ’

These types of formations count as a single
domain for stress assignment. As seen in the above
examples, the stress falls on the participial ending
of the form. These morphemes are heads and these
forms can be accounted for by our constraints. 1 did
not include them in the analysis because they are
composed of two prosodic words and not isolated
words. Another possibility is that the auxiliary of
the form of the verb ‘to be ’ is not stressable. If this
were the case, it would be assumed that the

3

auxiliary form of this verb is a separate lexical item
as the main verb.

Stress on the Initial Syllable

I the final section of the analysis, 1 presented a
set of words that always take stress on the initial
syllable. It is interesting to observe that, like other
words in Persian, the stress isagain aligned with
the one of the edges of the word. Until further
rescarch is done to determine why these words
might have evolved with stress on the initial
syllable, despite the ALIGN(R) constraint in the
grammar which aligns stress to the rightmost edge,
it is plausible that these words have underlying
stress. Also, this subset of lexical items is quite
small, so underlying stress is not an unfeasible
hypothesis.
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Is There a Memory Deficit in Parkinson’s Disease?

Explicit and Implicit Memory for Verbal and Action Events

Three experiments examined both encoding and test variable
whether there is any memory deficit in patients with Parkinson’s
disease (PD) in comparison with normal controls. In Experiment 1, the
effect of encoding enactment was tested in free recall and cued recall.
In Experiment 2, the combinations of enactment/non enactment and
well/poorly integration variables were used at encoding. Again, the
subjects were tested by free and cued recall In Experiment 3,
recognition memory and sentence-fragment completion tests were used
with the same encoding manipulations as in Experiment 2. In general,
the results of all three experiments showed no difference between PD
patients and normal controls indicating that there is no memory deficit
for PD patients. However, it was observed that there was some
recognition deficit (especially for well-integrated and verbal items) in
Parkinson patients. It was suggested that the similarity between
encoding and retrieval and the stage of disease should be considered as
important factors for any possible memory deficit in Parkinsonian
patients. It was also concluded that Parkinson patients are less well
able to utilize cognitive support,

Clinical studies have reported that, aside from
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perceptual and motor impairment, Parkinson’s
disease (PD) patients have cognitive deficits
particularly for those processes involving memory
and learning (e.g., Reitan and Boll, 1971; Boller,
1980; Mortimer et al., 1982). Experimental studies
of memory function in PD patients (compared with
normal controls) on the other hand give a rather
mixed picture. It is still unclear whether there is a
memory deficit in PD patients, and if so the degree
of the impairment and the specific nature of the
impairment remain poorly understood.

For example, Flowers et al. (1984) examined
immediate and delayed recognition memory for
verbal and visual material. Half of the items were
easy to verbalize, whereas the other half were hard
to name or describe. The results showed no

A

significant differences between PD patients and
controls in their recognition memory. PD patients
showed the same drop in delayed recognition
accuracy as controls. In both Parkinsonian and
control groups, there was a marked drop for verbal
materials, but only a small drop for visual
materials, The results also showed that the patient
group was not different from the control group with
respect to difficult items, compared to easy items;
Le., difficult items did not produce any greater
recognition difficulty in patients than did the easier
items. Thus, the data of this study suggested that
Parkinsonian recognition memory is normal over a
range of measures and materials. Flowers et al.
(1984) concluded that if there is a memory deficit
in PD patients it must begin at retrieval or a higher
level processing, and not at the time of registration
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and retention.

Weingartner et al. (1984) used semantic and
episodic memory tasks with different types of
materials, verbal and visual, related and unrelated.
Semantic memory was tested by completion of
stems  (letters) and superordinate categories
(words), whereas episodic memory, was tested by
free recall and recognition. The results were the
same for both PD patients and controls in semantic
memory (in both their response to letter stimuli and
categories) and in distinguishing the occurrence of
frequent and infrequent events and in identification
of modality (word versus picture). In free recall
test, for highly related words, there was no
significant difference between the PD patients and
the controls, whereas, for unrelated items (word
and pictures), PD patients were impaired compared
to normal subjects. Weingartner et al. (1984)
suggested that PD patents have difficulty with
effort-demanding as opposed to automatic-
cognitive processing; t.e., automatic processing is
tntact in PD patients. They suggest that although
PD patients can use associations between items if
these are available, they appear to have difficulties
producing their own association when there are no
obvious links between the items to be remembered.

In a more recent study, Breen (1993) used
unrelated words to compare recall and recognition
performance in PD group to that of a control group.
The primacy and recency effects were also
compared between the two groups. Whereas a
significant between-group difference was found in
the free recall data, no significant difference was
found in the recognition data. The two groups were
not different with respect to the primacy and
recency effects. The impaired recall of the
Parkinson group was proposed to be due to mental
slowness (a limited capacity on the number of
items that can be actively processed), but no
qualitative differences was suggested between the
two groups (because both groups showed a primacy
and recency effect in the free recall data) . It was
also suggested that the impaired recall of the
patient group was due to difficulties occurring at
encoding rather than at retrieval.

Appollonio et al. (1994) examined both explicit
and implicit memory on verbal and visval tasks
requiring different levels of effort. As in the
Weingartner et al. (1984) study, frequency
estimation and modality monitoring were indicated
as automatic processing, whereas recognition, cued
recall and free recall of items were seen as effortful
processing (with different levels of effort). Word-

and picture-fragment completions were used as
implicit tests. It was found that there was no
difference between a PD group and a control group
with respect to word or picture priming. The two
groups did not differ in frequency estimation and
modality presentation (automatic memory). No
between-group  differences were found for
recognition and cued recall data (for demented
patients, there was a difference). For free-recall
data, there was no significant difference between
the two groups (nondemented patients and controls)
in a paired-association test, but for free recall of
monitoring task there was a difference. No
significant interactions for groups and type of
stimuli (word and picture), as well as for groups
and within-pair relatedness were found. The
authors suggested that the PD patients were not
impaired in automatic and implicit memory, but
they were impaired in effortful explicit memory
tasks.

One concern in the above-mentioned studies
was whether memory deficit occurs at encoding or
at retricval. From the results of these of these
studies it is not entirely clear at what stage in the
process memory deficit may occur. Flowers et al.
(1984) suggested that memory deficit may occur at
retrieval, whereas Breen (1993) suggested that the
memory deficit may occur at encoding. The other
two studies {(Weingartner etal., 1984; Appollonio
et al,, 1994) did not explicitly declare their view on
this issue. The second concern was tagk
effortfulness. Weingartner et al. (1984) found that
an effortful task (compared to easy task) affects a
PD group more than a control group, whereas
Flowers et al. (1984) failed to find such a
difference between the two groups. In the
Appollonio et al. (1994) study, nondemented PD
patients were different from the control subjects
only in free recall of monitoring task as a more
effortful task, but not in free recall of paired-
association task as a less effortful task. In the
present study, we have addressed both issues to
compare memory performance in PD patients and
control subjects. We used two types of encoding
tasks: (1) encoding with enactment versus encoding
without enactment, and (2) encoding of well-
integrated item versus encoding of well-integrated
item versus encoding of poorly integrated items. At
retrieval, different types of test (i.c., free recall,
cued  recall, recognition, sentence-fragment
completion) were used.

Encoding enactment is a new line of memory
research, which  was simultaneously and
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independently  developed by Cohen (1981),
Engelkamp and Krumnacker (1980), and Saltz and
Donnenwerth-Nolan (1981). Encoding enactment is
usually referred to as subject-performed tasks
(SPTs), in which subjects perform minitasks (e.g.,
roll the ball, lift the pen) at encoding. SPTs are
compared to traditional verbal tasks (VTs), in
which subjects hear or read the same commands
without  performing  them. Following the
presentation of tasks, subjects receive a test: free
recall or cued recall or recognition to assess
memory performance of SPTs and VTs. The typical
results in SPT experiments show that recall and
recognition of SPTs is superior to recall and
recognition of VTs. This superiority is usually
referred to as the enactment effect or as the SPT
effect. This effect has been obtained in a variety of
experimental settings (see Cohen, 1989, and
Nilsson, 2000, for reviews).

There is a wide agreement that the main reason
for the enactment effect is encoding support
(Backman and Nilsson, 1984, 1985; Engelkamp
and Zimmer, 1994; Helstrup, 1986; Nyberg, 1993,
Kormi-Nouri et al, 1994; Kormi-Nouri, 1995),
although there are different explanations for this
encoding support. In the present study, we explored
whether this  encoding support would be as
effective in PD patients as in normal controls. More
specifically, the prediction was that if PD patients
are impaired at encoding, they would benefit from
encoding enactment more than controls. The
prediction can also be expressed as whereas PD
patients are impaired at encoding of nonenacted
events {as a more effortful task), they are not
impaired at encoding of enacted events (as a less
effortful task). It should be noted that the motor
memory task used in the enactment condition
required manipulation of materials, and this might
be thought as a disadvantage for PD patients who
have motor impairment. However, an attempt was
made to select simple action events, which could be
performed in a everyday life. The objects used in
the actions were handed over by the experimenter
to the subjects and were then taken away the by
experimenter. A pilot study of the PD patients
showed that they had no difficulty to perform the
actions at the specified time (8 seconds), compared
to control subjects.

The second variable of interest at encoding
was level of integration within item. For both
SPTs and  VTs, Kormi-Nouri (1995)
distinguished between two types of items:
well-integrated and poorly integrated items. In
TV

b

well-integrated  items, there is a strong
conceptual link between the verb component
and the noun component of items (e.g., read
the book, write with the pen). In poorly
integrated items, there is a low conceptual link
between the verbs and the nouns (e,g,m lift the
book, touch the pen). In the Kormi-Nouri
(1995) and Kormi-Nouri and Nilsson (1998)
studies, it was found that well-integrated items
produce a  better memory performance in
different types of test (free recall, cued recall,
and recognition), although this effect was
different for SPTs and VTs in different test
conditions.  Encoding enactment of well-
integrated items produced the best memory
performance, whereas encoding of poorly
integrated items without enactment produced
the least memory performance. Encoding of

enacted/poorly integrated iterns and
nonenacted/well-integrated items produced
moderate  memory  performances. In the

present study, it was expected that the level of
integration should affect PD patients more
than normal controls. Moreover, taking the
two encoding variables together, one might
expect that the combination of enactment and
high level of integration to have an additional
positive effect on PD patients, compared to
controls. It was also predicted that, in PD
patients, most memory impairment occurs for
nonenacted/poorly integrated items (as a most
effortful  task), compared to enacted/poorly
integrated and nonenacted/well-integrated
items (as moderate effortful tasks) and to
enacted/well-integrated  items (as a less
effortful task).

Test condition was studied by using
different types of memory test. Explicit
memory was tested by free recall, cued recall,
and recognition tested explicit memory,
whereas implicit memory was tested by
sentence-fragment completion. In the cued
recall and sentence-fragment completion tests,
verbs were given to subjects to complete the
other part (noun) of sentence. Based on the
previous studies, it was expected that the more
effortful test (comparisons between free recall,
cued recall, recognition and implicit test from
the most to the least effortful test) used, the
more memory deficit would be observed in
PD patients. An interaction between group,
encoding and test was also expected. In PD
patients, it was expected that the more
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effortful test used with the less memory
support at encoding, results in a more
pronounced memory deficit.

Experiment 1
Method

Design: The design was a 2[group (Parkinson
vs. control)] x 2[type of encoding (SPT vs. VT)] x
2[type of test (free recall vs. cued recall)] mixed
design. The first factor was a between-subject
variable, whereas the second and third factors were
within-subjects variables

Subjects: Sixteen patients who regularly
attended the Neurology Outpatient Clinic at the
University in Hospital Umea were selected on the

Table 1: Characteristics of PD patients in Experiment 1

e

basis of information in their medical notes. The
average age of the Parkinson patients (8 males and
8 females) was 60.80 ranging from 42 to 77 years
of age. The average age of onset of disease was
55.30 years, and the mean duration of illness 5.5
years, with a range from 2 to 13 years. The
characteristics of PD patients are shown in Table 1.
The control subjects (8males and 8 females) were
randomly selected forms the Umea population
through the database information. The average age
of control subjects was 61.88 ranging from 46 to 74
years. Normal subjects had no history of
neurological or psychiatric illness. The two groups
were matched for their educational Ievel.

Materials: The to-be-remembered materials
used in this experiment were 24 commands (e.g.,
fold the napkin, give me the bottle). half of the

Nr Age Sex DurPD L-dopa DA-agonist MAOB-I UPDRS Comments
Years Years mg mg mg Hé&Y S&E%

1 71 F 5 500 15 25 75 Depression

2 42 F 13 700 25 2.5 75 Motor fluctuations
3 6l M 3 600 20 10 2.0 go  Depressionand

cognitive deficit

4 66 M 5 400 15 2.0 90 Significant tremor
5 52 F 9 300 10 1.5 90

6 60 F 5 600 30 10 2.0 90

7 51 M 2 300 20 80

8 68 F 7 1000 2.0 20 Depression

9 72 M 4 200 1.5 2.0 80

10 66 F 4 400 10 2.0 80

Left thalamotomy

11 60 M 3 450 10 2.0 90 (PD-tremor)-1991
12 57 M 2 0 1.0 90 Significant tremor
13 77 F 2 400 2.00 80

14 51 M 7 300 15 10 2.00 80

15 48 M 5 800 30 10 2.0 80 Motor fluctuations
16 71 F 12 450 10 2.0 80 Motor fluctuations

Note: L-dope: Madopark or Sinemet; DA-agonist: Dopaminagonisi; MAOB: Monoaminoxidase-B inhibitor: Selegilin (Eldepry);
UPDR S: Unified Parkinson Disease Rating Scale (Fahn et al., 1987); H & Y: Modified Hochn and Yahr Staging; § & E: Schwab

and England Activity of Daily Living Scale

Depression means slight depression and cognitive deficit means incipient cognitive deficit.
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items were encoded as SPTs and the other half as
VTs. Each command included one imperative verb
(e.g., fold, give) and one noun (¢.g., napkin, bottle).
The physical objects were presented together with
each command.

Procedure: Each  subject was tested
individually. All subjects learned SPTsand VTs,
each typed on a separate card. the items were
shown at a rate of one every 8 seconds and the
duration of interval was 3 seconds. SPTs and VTs
were randomly mixed and counterbalanced in two
study lists. The order of SPTs and VTs were also
varied in the two study lists. In each study list, not
more than two SPTs or two VTs were allowed to
appear in succession. The experimenter said
"sentence” before presenting VTs. In the SPT
encoding, subjects were instructed to read the
commands and perform the action indicated by the
commands, and to try to remember the whole
command (verb and noun) for an unspecified
subsequent test. The objects included in SPTs were
handed over by the experimenter during the

Tabie 2:

s

were given a 30-item vocabulary test. The main
purpose of administering this test was to eliminate
any effect of short-term memory. Another purpose
was  however to  assess subjects, word
comprehension in the patient and control groups.
Mean performances were 21.56 and 22.60 for the
patient and control groups, respectively. The two
groups were not significantly different with respect
to the vocabulary test (P> 50).

At retrieval, subjects received two recall tests,
first a free recall test followed by a cued recall test
(unpacked time). To eliminate any disadvantage of
writing for PD patients, both patient and control
subjects were instructed to recall the items orally.
In the free recall test, the subjects were asked to
recall orally the whole commands. In the cued
recall test, each verb cue, typed on a separate card,
was shown to the subjects, and they were asked to
recall orally the correct noun paired with the verb at
the study list. All responses were taped by a tape
recorder.

Mean proportion of correctly remembered items as a function of groups of subjects, encoding conditions, and type of

test in Experiment 1.

Parkinson group free recall
SPT
M 30
5D 18
VT
M .08
sD .08
Control group
SPT
M 31
SD 14
VT
M .08
8D .05

cued recall

42
31

A2
15

37
23

1
.13

presentation of items, and were immediately hidden
after the presentation. In the VT encoding, subjects
were instructed to read commands aloud without
performing them, and, as in the SPT encoding, to
try to remember the whole command for an
unspecified subsequent test. Before the presentation
of the study list, two examples of SPTs and VTs,
not included in the study list, were shown to all
subjects.

After the presentation of the study list, subjects

Yo

Results

A strict procedure of scoring recall of nouns
was used; responses were accepted only if they
were exactly the same as those presented in the
study list. The mean proportions of SPTs and VTs
recalled by subjects in the two groups are shown in
table 2.

A 2(sex) x 2(group) x 2(encoding) x 2(test)
analysis of variance was conducted for the data
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shown in the table. The first two factors varied
between subjects whereas the last two factors
varied within subjects. Since there was no main
effect (P> .20) and no interactions with regard to
sex variable, the data were coliapsed across this
factor. The analysis yield significant effects of type
of encoding [F (1, 30) = 67.36, MSe =441, P<
0017 and type of test [F (1, 30)=4.90, MSe =
3.52, P< .05], but no between-group difference
(P< .70). None of the interactions was statistically
significant. Thus, this experiment, unexpectedly,
revealed no memory deficit in the PD patients,

Table 3: Characteristics of PD patients in Experiment 2

i

(Kormi-Nouri, 1995; Kormi-Nouri and Nilsson,
1998). It was found that the encoding enactment of
well-integrated item resulted in the best memory
performance, whereas verbal encoding of poorly
integrated items resulted in the lowest memory
performance. In the present study, it was explored
whether these ftwo encoding supports (i.e.,
enactment and integration) would be effective for
old adults as they were for young aduilts. More
specifically, it was expected that PD patients would
benefit from double encoding supports more than
controls. One the other hand, in the absence of

Nr  Age Sex DurPD L-dopa DA-agonist MAOB-I UPDRS Comments
Years Years mg mg mg H&Y S&E%
1 72 M 2 150 1.5 90
2 71 F 1 0 1.0 90
3 59 M 4 1100 10 2.0 80 Motor fluctuations
4 48 M 12 500 25 75 Motor fluctuations
Op. thalamotomy-
5 66 M 13 1800 15 1980
6 73 M 5 600 2.0 80
7 59 F 1 200 1.0 90 Hemiparkinsonism
8 69 M 7 450 2.0 75 Cognitive deficit
9 56 M 9 550 20 2.0 90 Motor fluctuations
10 43 M 3 600 10 2.0 80
Depression, Motor
11 73 M 6 400 7.5 10 2.0 80 fluctuations, and
Cognitive deficit
12 66 M 8 400 2.5 5 2.0 80

compared to the normal controls, and the
enactment effects, in both free recall and cued
recall data, were identical in the two groups.
Moreover, although a simple effect comparison
showed that the cueing effect was different for
SPTs (P< .05) and VTs (P< .14), this was not
different between the two groups.

Experiment 2
The integration between the two components of

each item (verb and noun) was used as an
additional encoding support for young adults

these two encoding supports, memory deficit of PD
patients would be more visible.

Method

Design: The design was a 2[group (Parkinson
vs. control}] x 2[type of encoding (SPT vs. VT}] x
2[type of item (well integrated vs. poorly
integrated)] x 2[type of test (free recail vs. cued
recall)] mixed design. The first factor was a
between-subject variable, whereas the remaining
factors varied within subjects.

Y
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Subjects: Twelve parkinsonian subjects (10
males and 2 females) were from the Neurological
wards and Outpatient Clinic of university Hospital
in Umea. The average age of Parkinson patients
was 62.90 years and ranged from 43 to 73 years.
The average age of onset of disease was 57.00
years, and the mean duration of illness 5.80 years,
with arange from I to 13 years. The characteristics

Table 4:

group =22.83 and control group = 24.33) (P< .10).
It should be also noted that sex was not controlled
in this experiment, since there was no sex
differences in Experiment 1.

Materials: A new list of 48 commands with two
presentations  with respect to order and
counterbalancing between SPTs and VTs was used
as to-be-remembered items. The items were

Mean proportion of correctly remembered items as a function of groups of subjects, encoding conditions, and type of

test in Experiment 2.

Parkinson group free recall cued recall
SPT-well integrated
M 26 87
Sb 14 .14
SP-poorly integrated
M .09 21
SD .10 16
VT-well integrated
M 10 71
SD 13 19
VT-poorly integrated
M 0.00 .05
SD 0.00 .08
Contro! group
SPT-well integrated
M 31 .90
SD 15 07
SP-poorly integrated
M 15 33
SD 11 .16
VT-well integrated
M 10 76
SD .15 14
VT-poorly integrated
M 01 .06
SD 03 .08

of PD patients are shown in Table 3,

The control group (7 males and 5 females) was
selected from a pool of subjects received from a
database information. The control subjects were
selected to be equated as nearly as possible to those
in the parkinsonian group with respect to age and
education. None of the controls had a history of
neurological or psychiatric disease. The average
age of the controls was 60.42, ranging from 44 to
71 years. It should be noted that none of the
parkinsonian and control subjects participated in
the previous experiment.

It should be noted that the two groups were not
different with respect to the vocabulary test (patient

¥y

selected from those used in the Kormi-Nouri {1995)
study. Half of the items were well-integrated items
(c.g., write with pen, read the book) and half of the
items were poorly integrated items (lift the paper,
point at the wallet). For each type of item, half
were used as SPTs and half as VTs. Not more than
two well-integrated or poorly integrated, and SPTs
or VTs appeared in succession,

Procedure: The procedure both at encoding and
at test was identical to those in Experiment 1,

Result

The results are shown in Table 4. These
data were statistically evaluated in a 2 (group)

WAS ¥ 3 5 ked F Jlo e ki pole gloosl



R. Kormi-Nouri, Ph.D.

Table 5: Characteristics of PD patients in Experiment 3

al

Nr Age Sex DurPD L-dopa DA-agonist MAOB-I UPDRS Comments
Years Years mg mg mg H&Y S&E%

1 6l F 3 600 20 10 2.0 80 g;g;";ff’j:‘;eﬁm
2 71 M 10 400 5 10 2.0 85

3 71 M 6 200 10 2.0 80 CVS (SAB)-1978
4 63 M 7 500 1.5 90

5 77 F 12 200 10 2.00 80 Cognitive deficit

6 72 M 11 500 2.0 80

7 78 M 7 700 2.0 75 Cognitive deficit

8 60 M 6 450 1.5 85 Depression

9 64 F 2 300 1.5 85 Depression

10 63 M 3 300 2.0 80 Cognitive deficit-
e Mo o s D
12 68 F 13 700 2.0 80 Motor fluctuations
5 7  F 6 250 2.0 g Op thalamotomy-
14 69 F 15 800 20 2.5 75 Motor fluctuations
15 68 M 5 500 7.5 2.0 80 Depression

16 68 F 9 400 2.0 85

Note: CVS (SAB): Cerbovascular disease in the form of subarachnoidal bleedning

x 2 (encoding) x 2 (type of item) x 2 (test)
analysis of variance. Again, there was no
between-group difference (P< .10). The main
effect of type of encoding [F (1 ,22) = 87.49,
MSe = 2.13, P< .001}, type of item [F (1, 22)
= 42936, MSe = 2.42, P< 001} and type of
test [ (1, 22) = 40237, MSe = 2.21, P<.001]
were significant. The three-way interaction of
encoding x item x test was significant [F (1,
22) = 651, MSe = 1.10, P< .05]; For well-
integrated items, the cueing effect was similar
in SPTs and VT, whereas, for poorly
integrated items, it was more pronounced for
SPT than for VTs. None of interactions
involving  group factor was statistically
significant.

Thus, contrary to the predictions, the
combination of enactment and improvement
of level of integration at encoding did not
affect differently the PD patients compared to

normal  controls. Furthermore, the cueing
effect was not different for the two groups.

Experiment 3

In Experiment 1 and 2, encoding variable was
examined in recall tests to explore the source of
possible memory deficit for PD patients. In
Experiment 3, we used two different types of
memory test: recognition memory test and
sentence-fragment completion as less effortful tests
compared to free recall and cued recall test.

Method

Subjects: Sixteen PD patients (9males and 7
females) with the same selection criteria as
Experiments 1 and 2 participated in Experiment 3.
Half of the patients were from the Neurological
ward and Outpatient Clinic of University Hospital

Yy
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in Umea, and the other half were from the
Neurological ward and Outpatient Clinic of
Sabbatsberg Hospital in Stockholm. Age ranges
were 60-76 (Mean = 68.31). The average age of
onset of disease was 59.75 vears, and the mean
duration of illness 8.19 years, with a range from 2

Table 6:

va

that of Experiment 2. The difference was at
retrieval: Free recall and cued recall tests were
changed to recognition and sentence-completion
test. The lists of Experiment 2 were used as to-be-
remembered items.

Procedure: The procedure for the presentation

Mean proportion of correctly remembered items as a function of groups of subjects, encoding conditions, and type of

test in Experiment 3,

Parkinson group Hit rates
SPT-well integrated
M .84
SD .14
SP-poorly integrated
M 73
SD .26
VT-well integrated
M .64
SD .29
VT-poorly integrated
M A5
SD 29

Control group
SPT-well integrated

M .88

SD 18
SP-poorly integrated

M 75

Sb 22

VT-well integrated

M .80

SD 25
VT-poorly integrated

M .69

SD 26

False alarms H-F
21 .63
.18
.04 .69
.08
15 48
17
.03 42
07
16 72
20
.08 67
11
.26 54
25
.05 .64
A0

to 16 years. The characteristics of the PD patients
are shown in Table 5.

The control subjects were selected from the
same_ population (half from the city of Umea, and
the other half from the city of Stockholm) with
regard to age and education through the database
information. Age ranges were 60-76 (Mean =
68.13). The controls had no history of neurological
or psychiatric disease. It should be noted of the
parkinsonian and control subjects participated in
the previous experiments.

Note that the two groups were not different with
respect to the vocabulary test (PD patients = 22.63
and controls = 25.18) (P<.10).

Design and materials: The design was similar to

¥

of study list was the same as that used in
Experiment 2. The main difference between
Experiments 2 and 3 was at test. In Experiment 2,
the first test was free recall and the second test was
cued recall, whereas, in Experiment 3, the first test
was recognition and the second test was sentence-
fragment completion. At recognition, the subjects
were asked to recognize half (24) of the SPTs and
VTs used in the study list (i.e., old items) mixing
with the same number of distractors (i.e., 24 new
items); the new items were selected so as to be
similar to the old items (e.g., speak to the phone,
talk to the microphone; tum the flower, rotate the
rose). The old and new items were randomly
presente¢ and counterbalanced across the subjects.
The items were shown one by one to the subjects
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for a yes-no decision, whether the items had been
presented in the study list. The second test was the
sentence-completion test in which the subjects were
shown verb cues and were asked to say the first
noun coming to mind. To avoid any contamination
between the first and the second's test, the other
half of SPTs and VTs (not used in the recognition
test} were used in the sentence-completion test.
Again, the old items were randomly combined with
the same number of new items. It should be noted
that the two halves of old items used in the first and
the second test were counterbalanced across the
two test conditions.

Results

Recognition data: The proportion of items
correctly  recognized and false alarms are shown in
Table 6. A 2 x 2 x 2 {Group x Encoding x ltem)
analysis of variance performed on the Hit rate-False
alarm (H-F) data produced no between- group
difference and no Group x Encoding interaction
(PS> .10). Type of encoding was significant [F (1,
30) = 16.30, MSe = 1.73, P< .001], but type of item
was not signiftcant (P>.80). The interaction of
Group x Encoding x Item was marginally
significant {F (1, 30) = 3.63, MSe =43.69, P = .07];
reflecting that, for the control subjects, the
enactment was more pronounced for the well-
integrated items than for the poorly integrated
items, whereas, for the PD patients, the opposite
pattern was the case .

It should be noted that was no different between
the groups with respect to the false alarm data (P>
.40). There was also a marginal also a marginal
significant effect for the Group x Encoding x Item
(P= .05); For the PD patients, there was more false
alarms for SPT/Well-integrated items than for
VT/Well-integrated items, whereas the opposite
was true for the control subjects.

Since d' represents a measure of memory
sensitivity for yes-no recognition test, the values of
d' were obtained from hits and false alarms for the
Parkinsonian and control subject (e,g,. Ratcliff,
1978; Hirshman, 1995). The same ANOVA as for
hit-false alarm data was conducted for the d' data.
The same pattern of results was obtained, except
that the difference between two groups was
marginally significant [F (1, 30) = 3.72, MSe=
1.88, P = .06] and the Group x Encoding x Item
interaction was significant [F (1, 30} =4.77, MSe =
1.03, P<.05].

Sentence completion data: The priming values

were calculated by subtracting the baseline values
from the studied items (old items) values. A 2 x 2 x
2 (group x Encoding x Item) analysis of variance
was performed on the priming data. The analysis
revealed no between-group difference (P> .80).
Type of encoding was not significant (P> .20), but
type of item was significant [F (1, 30) = 8.92, MSe
= 2.85, P< .01]; there was more priming for well-
integrated items than for poorly integrated items.
Group x Encoding x Item interactions were not
significant (PS> .70). There was only a tendency
effect for Encoding x ltem interaction [F (1, 30) =
3.42, MSe =1.01, P = .07], reflecting that the level
of integration affected priming more for VTs than
for SPTs.

It should be noted that there was no between-
group baseline difference (P> .90) and no
interaction effect was found for the baseline data.

Although the overall data of recognition and
priming showed no between-group difference, there
was a tendency difference for recognition data
according to the d' valued. More specifically, the
Group x Encoding x Item interaction showed that
the benefit of the enactment for poorly integrated
items was more pronounced for the PD patients
than for the control subjects, whereas the enactment
effect for well-integrated items was more
pronounced for the controls than for the PD
patients. This will be discussed further in the next
section,

Discussion

In all three experiments the most notable finding
is how closely PD patients resemble control
subjects in their memory performance. We
examined both encoding and retrieval variables to
search for a memory deficit in PD patients.
However, none of the encoding or retrieval
variables was generally different for the PD
patients than for the controls. Although memory
performance of PD patients was slightly lower than
that of controls (in Experiments 2 and 3), the
differences were not reliable to indicate an
impairment in memory associated with Parkinson
disease. Over a range of measures and materials
parkinsomian memory appears quite normal. There
are about the same different, relative to controls,
between nonenacted (verbal) and enacted (action)
events, and between well- and poorly integrated
items. they show the similar enactment and similar
integration effects at encoding as controls. The
overall enactment effects were: in Experiment 1:

Y.
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.26 and .25; in Experiment 2: .14 and .19; in
Experiment 3, at priming: -.04 {negative enactment
effects) for the PD patients and the controls,
respectively. The overall integration effects were:
in Experiment 2, .39 and .38; in Experiment 3, at
recognition (H-F data), .01 and .03, at priming, .16,
for the PD patients and the controls, respectively.
When both enactment and integration variables
were combined, compared to no enactment and
poor integration, the overall effects were: in
Experiment 2, .54 and .57; in Experiment 3, at
priming, .12 for the PD patients and the controls,
respectively. In general, These results show that
encoding support does not differently improve
memory performance for parkinsonian patients, and
they have anormal encoding. However, especially
at recognition test, there were some specific
differences. We return to this point later.

It should be noted that, in Experiment 1, there
were 24 items as TBR items, whereas, in
Experiment 2, there were 48 items. A comparison
between these two experiments show that, for both
groups from Experiment 1 to Experiment 2 there
was the same drop in the free recall test. (.08 and
.06 for the PD patients and controls, respectively)
and the same increment in the cued recall test (.08
and .13 for the PD patients and controls,
respectively). These results also show that the list
length has the same effect on both groups. List
length affected the free recall tests negatively,
whereas it affected the cued recall tests positively.
The former effect was more associated with poorly
integrated items, whereas the effect was more
associated with well integrated items.

The comparison between the present study
(Experiment 2) and the Kormi-Nouri (1995) study
(Experiment 3) showed that there is a larger
enactment effect for younger subjects (age mean =
21.75) than for the elderly subjects (both PD
patients and controls) (.26 versus .17). In the
Kormi-Nouri {1955) study, in free recall, the effect
of enactment was more pronounced for well-
integrated items than for poorly integrated items,
whereas in cued recall, the enactment effect was
more pronounced for poorly integrated items than
for well-integrated items. In the present study, the
controls showed exactly the same pattern of data,
but PD patients did not show a better efficiency of
enactment in cued recall of poorly integrated items.
Furthermore, the Kormi-Nouri and Nilsson (1998)
study showed that, in recognition, the enactment
effect was more pronounced for well-integrated
items than for poorly integrated items. Again, in the
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present study, the same pattern of data was
observed for the controls, but PD patients showed
the opposite pattern: the enactment effect was more
pronounced for poorly integrated items than for
well-integrated items. Thus, for poorly integrated
itemns, there is a differential enactment effect in
cued recall and recognition test for PD patients,
relative to controls: a larger enactment effect for
cued recall of poorly integrated items (shown by
both young and elderly control subjects) was not
shown by PD patients, whereas a larger enactment
effect for recognition of poorly integrated items
(not shown by both young and elderly subjects)
was shown by PD patients. These findings indicate
that cognitive support provided in different
encoding and retrieval conditions act differently for
PD patients than for controls.

More specifically, the various encoding and
retrieval conditions used in the present experiments
provide different degrees of cognitive support.
With respect to the main encoding manipulation
made, enactment provide more cognitive support
than verbal encoding by means of rehearsal. At
retrieval, there is more cognitive support provided
in cued recall and recognition than in free recall.
Thus, the retrieval aid provided by the cues in cued
recall and the copy cues in recognition after
enacted encoding should be the most supportive
conditions and free recall after non-enacted
encoding should be the least supportive condition.

A comparison between PD patients and controls
for the least supportive condition reveals no
performance difference (free recall in Experiments
1 and 2), although due to floor effects for both PD
patients and controls we can not draw a proper
conclusion in this respect. For one of the most
supportive conditions, cued recall of enacted items
in Experiment 2 there is nominally a lower
performance for PD patients, irrespective of type of
items. This difference is largely for poorly
integrated items and relatively small for well-
integrated items, perhaps due to ceiling effects for
these later items. For the other optimally supported
condition, recognition after enacted encoding in
Experiment 3, a lower performance was obtained
for PD patients than for controls, for weil-
integration items but not for poorly integrated
items. All in all, this pattern of data suggests
that PD patients are less well apt than control to
utilize the cognitive support provided by the
cues in cued recall and the copy cues in
recognition.

The cued recall data in Experiment 1 deviate
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from this pattern; there was no difference between
PD patients and controls. If anything, there was a
slight advantage for PD patients. No explanation
for this deviation in data pattern is readily
available. It might be the case that Experiment 1
was in general too insensitive because of the
relatively short list length.

The most profound difference between PD
patients and controls in ability to utilize cognitive
support was found in recognition after non-enacted
encoding in Experiment 3, especially so for poorly
integrated items. This might be interpreted as a
result showing that the ability to utilize the
cognitive support provided by the copy cues in the
recognition test is most vulnerable after an
effortful, non-supportive encoding. Adding up
these impressions of the data, it may be argued that
PD patients have greater difficulties than controls
to utilize cognitive support provided at test,
especially so after a demanding, effortful, non-
supportive encoding.

The interpretation of these data in terms of
greater difficulties to utilize cognitive support for
PD patients is compatible with interpretations of
memory data in other studies comparing
advantaged and potentially less advantaged

subjects. For example, Craik, Byrd and Swanson
(1987) demonstrated that low-verbal old adults
were less efficient than high-verbal old adults in
utilizing cognitive support. In another study,
Herlitz, Hill, Fratiglioni and Backman (1995) found
that supported tasks like recognition of faces and
words, and cued recall of organizable words were
better discriminators between normal adults with
mild dementia than were test conditions using free
recall. Similarly, Amall, Herlitz, Fratiglioni,
Almkvist and Backman (1997) demonstrated that
supportive memory tasks were more salient
predictors of incident dementia than memory tacks
that offer less supportive encoding or retrieval
conditions. The same data pattern has also been
demonstrated in ongoing research on the effect of
genetic markers on episodic memory. Nilsson et al.
(2000) demonstrated that e4 allele of
ApoliporoteinE revealed the strongest negative
effect in a non-demented sample in supportive
memory tasks. The e4 allele of ApoE is previously
known as a risk factor for Alzheimer's disease
(Corder et al., 1993).
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