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Abstract

Introduction—Gesture is integrally linked with language and cognitive systems, and recent
years have seen a growing attention to these movements in patients with schizophrenia. To date,
however, there have been no investigations of gesture in youth at ultra high risk (UHR) for
psychosis. Examining gesture in UHR individuals may help to elucidate other widely recognized
communicative and cognitive deficits in this population and yield new clues for treatment
development.

Method—In this study, mismatch (indicating semantic incongruency between the content of
speech and a given gesture) and retrieval (used during pauses in speech while a person appears to
be searching for a word or idea) gestures were evaluated in 42 UHR individuals and 36 matched
healthy controls. Cognitive functions relevant to gesture production (i.e., speed of visual
information processing and verbal production) as well as positive and negative symptomatology
were assessed.

Results—Although the overall frequency of cases exhibiting these behaviors was low, UHR
individuals produced substantially more mismatch and retrieval gestures than controls. The UHR
group also exhibited significantly poorer verbal production performance when compared with

© 2014 Elsevier B.V. All rights reserved.

Corresponding Author: Zachary B. Millman, Department of Psychology and Neuroscience, University of Colorado at Boulder, 345
UCB, Boulder, CO 80309-0345, zachary.millman@colorado.edu, Phone: 303-492-4616.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Contributors

Mr. Millman, Ms. Gupta, and Ms. Mejias aided in data collection. Dr. Mittal and Mr. Millman conducted the analyses. Drs. Mittal,
Schiffman, and Goss, Mr. Millman, Ms. Gupta, and Ms. Mejias interpreted the findings and drafted the manuscript. Dr. Mittal
supervised the administration and attained the funding for this study.

Conflict of Interest
There are no conflicts of interest to report.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al. Page 2

controls. In the patient group, mismatch gestures were associated with poorer visual processing
speed and elevated negative symptoms, while retrieval gestures were associated with higher speed
of visual information-processing and verbal production, but not symptoms.

Conclusions—Taken together these findings indicate that gesture abnormalities are present in
individuals at high risk for psychosis. While mismatch gestures may be closely related to disease
processes, retrieval gestures may be employed as a compensatory mechanism.
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1. Introduction

Because gesture serves a variety of key communicative and cognitive functions (Feyereisen,
1987; Streek, 1994; Alibali & DiRusso, 1999), investigators have argued that these
movements provide a “window to the mind” (Goldin-Meadow, 2003). The field of psychosis
research has prioritized the search for readily observable markers that can identify risk or
elucidate pathogenic processes, leading researchers to examine gesture in patients with
schizophrenia. Studies of individuals with psychosis have observed abnormal gesture
activity (Troisi et al., 1998; Meilijson et al., 2004; Lavelle et al., 2013; Walther et al.,
2013a;) with specific links to dysfunctional neural integration (Straube et al., 2013a), altered
functional connectivity (Straube et al., 2013b), and both frontal cortex function and
symptom severity (Walther et al., 2013b). Despite this growing body of evidence, and an
earlier study observing gesture deficits in schizotypal personality disorder (SPD; Mittal et
al., 2006), to date there have been no investigations of gesture in those at ultra high risk
(UHR) for psychosis. Such research is important because gesture may be related to other
impairments that are characteristic of this group, such as cognitive function (Seidman et al.,
2010; Fusar-Poli et al., 2012). In addition, because gesture appears to be a useful tool for
bolstering communicative ability and cognitive function (Alibali & DiRusso, 1999; Goldin-
Meadow, 1999), and these domains are often affected in the prodromal period (Cornblatt et
al., 2007; Niendam et al., 2007; Eack et al., 2010), understanding this behavior in UHR
youth may have important implications for novel treatment development.

In any particular speech-gesture combination the information conveyed in the gesture is
typically congruent with the speech. However, in some speech-gesture combinations the
information in gesture can conflict with the speech (e.g., the speaker says “to the right” as
they simultaneously point to the left). In normative samples, these “speech-gesture
mismatches” (mismatch gestures) can appear when an individual’s cognitive resources are
taxed. For example, researchers have observed increased mismatch cases when participants
are discussing a difficult math problem or narrating a story with frequent shifts between
characters’ physical viewpoints, their own, and their listener’s (Church & Goldin-Meadow,
1986; Melinger & Kita, 2004). Despite the relevance of mismatch gestures, this subtype has
received limited attention in clinical populations; to date, one study has examined mismatch
gestures in patients with schizophrenia (Goss, 2011, unpublished dissertation), and no
studies have examined this behavior in UHR individuals.
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Retrieval gestures occur when individuals make a hand movement while appearing to search
for a word or idea. The role of gesture in lexical retrieval renders this behavior particularly
important. One view is that semantically related gestures are derived from lexical entries and
assist in retrieval of relevant phonological forms (Butterworth & Hadar, 1989; Alibali, et al.,
2000). It is also possible that semantically related gestures are a product of spatially encoded
information and that, in turn, provide access to lexical entries that contain syntactic and
semantic information (Krauss, et al., 1996; Alibali et al., 2000). Both possibilities suggest
the gesture boosts activation levels for retrieval and subsequently plays a direct role in the
process of speaking (Alibali et al., 2000). Given the importance of retrieval gestures and
related deficits in psychosis (i.e., broad social cognition and fluency deficits; see Bokat &
Goldberg, 2003; Couture et al., 2006), it is somewhat surprising that no studies have
examined retrieval gestures in schizophrenia or spectrum disorders.

Although the literature linking gesture with cognitive dysfunction in psychosis is limited,
several studies in healthy individuals help to identify potential cognitive domains. One
strong line of evidence suggests that co-speech gestures facilitate verbal production
(Morsella & Krauss, 2004; Hostetter & Alibali, 2007). For example, healthy individuals
produced more gesture when restrictions were imposed on their speech; conversely,
prohibiting gesture led to slower and more dysfluent speech (Rauscher et al., 1996). In
addition, research has suggested that the recognition of gestures is influenced by contextual
information (Peigneux et al., 2000; Osiurak et al., 2012). Indeed, in one of the noted studies
that examined gesture behavior in psychosis, Walther et al. (2000b) posited that because
visual information processing during social situations is affected in schizophrenia (Green et
al., 2008), gesture performance in psychosis may also be hampered by poor visual
information processing.

The present investigation evaluated mismatch and retrieval gestures, symptomatology, and
both visual information processing speed and verbal production in UHR and control
adolescents and young adults. Based on research suggesting broad nonverbal dysfunction in
individuals with psychosis (Troisi et al., 1998; Mittal et al., 2006; Eack et al., 2010), and a
previous study observing a high frequency of mismatch gestures in patients with
schizophrenia (Goss, 2011, unpublished dissertation), we predicted that UHR participants
would show elevated occurrences of mismatch gestures when compared with healthy
controls. Group comparisons for retrieval gestures were treated as exploratory analyses
given the novelty of examining this behavior in a clinical population. As studies have linked
mismatch gestures with cognitive instability, a feature observed in patients with psychosis
(Becker et al., 2012), we predicted that an elevated frequency of these gestures would be
associated with decreased visual processing speed, impaired verbal production, and elevated
symptom severity in the UHR group. Because studies have found retrieval gestures to
facilitate cognitive function in healthy individuals (Cook et al., 2008), and UHR individuals
show a range of cognitive deficits (Walder et al., 2008; Mittal et al., 2010; Seidman et al.,
2010; Fusar-Poli et al., 2012), we predicted that the use of retrieval gestures would be
associated with improved cognitive functioning in the clinical group.
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2. Methods

2.1 Participants

Thirty six control and 42 UHR participants were recruited by Internet advertising, email
postings, newspaper ads, and community professional referrals. Exclusion criteria included
history of head injury, the presence of a neurological disorder, lifetime substance
dependence, an Axis | psychotic disorder, and the presence of any contraindication to the
magnetic resonance imaging environment. To be included in the study UHR individuals
needed to meet one or more of three criteria from the Structured Interview for Prodromal
Syndromes (SIPS): 1) recent onset or escalation of moderate levels of attenuated positive
symptoms, 2) a decline in global functioning over the last 12 months accompanying the
presence of schizotypal personality disorder, 3) a decline in global functioning over the last
12 months accompanying the presence of a first-degree relative with a psychotic disorder
such as schizophrenia. The presence of a psychotic disorder in a first-degree relative or
meeting criteria for any Axis I disorder was an exclusionary criterion for controls. The
protocol and informed consent procedures were approved by the university institutional
review board.

2.2 Clinical Interviews

2.3 Gesture

The SIPS measures several symptom categories of prodromal psychosis, including positive
dimensions (unusual thoughts, suspiciousness, grandiosity, perceptual abnormalities,
disorganized communication) and negative dimensions (social anhedonia, avolition,
emotional expression, expression of self, ideational richness, occupational functioning). The
severity of each dimension is represented by the sum of symptom scores within each
category. In addition to the SIPS, the Structured Clinical Interview for DSM-IV (First et al.,
1995) was used to rule out Axis | psychotic disorders. In this study, raters were advanced
doctoral students who were trained over a 2-month period to achieve kappas of =.80.

The clinical interviews took place in a quiet laboratory setting equipped with video
technology. As in our prior study of different gesture subtypes among a distinct sample of
schizotypal adolescents (Mittal et al., 2006), study staff rated the structured interview
portion of the recorded interviews for different elements of gesticulation (those gestures
occurring during the process of speech). Raters began when the first question of the SIPS
was asked and then coded a 15-minute segment for each participant. The coding scheme was
adapted from the Handbook of Methods in Nonverbal Behavior Research (Scherer &
Ekman, 1982) and additional criteria for the coding of gesture subtypes were based on
procedures described by McNeill (1992). Specifically, trained raters coded incidences of
speech-gesture mismatches, defined as gestures that are semantically incongruent with the
corresponding lexical content. For example, an individual exhibiting a mismatch gesture
would be speaking about “climbing up a ladder” but would simultaneously be pointing
downward. Coders also noted incidences of retrieval gestures. These gestures occur during a
pause in speech when an individual is searching for a word or phrase. For example, a person
might be talking about their lunch and say “The sandwich was almost the very best | ever
tasted, it reminded me of that time | was traveling and ate in that café in....[gesture such as

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al.

Page 5

grasping air, creating a baton movement]...France!” In the context of preparing for a
broader study of motor behaviors, three raters learned about a range of gesture types for
several weeks and underwent training for 3 months by coding video sessions of the
diagnostic interviews. Each rater was trained by coding a series of practice tapes until inter-
rater reliability exceeded Cronbach’s alpha > .80. Raters were kept blind to the hypotheses
of this study. The coders were given continuous feedback throughout the training period and
reliability was periodically assessed and maintained throughout the coding period.

2.4 Verbal Production and Visual Information Processing Speed

To assess verbal production and visual information processing speed, we selected two tests
that tap these constructs and have been recommended for psychosis-spectrum populations
(Nuechterlein et al., 2008). To assess visual information processing speed, participants were
administered the Trail Making Test: Part A, a timed paper-and-pencil test in which a
respondent draws a line to connect consecutively numbered circles placed irregularly on a
sheet of paper (Tombaugh, 2004). To assess impairment in verbal production, participants
were administered a verbal fluency task (Category Fluency: Animal Naming; Benton et al.,
1987), an oral test that measures verbal production by requiring respondents to name as
many animals as she/he can in 1 minute. Analyses were conducted on the raw scores (i.e.,
total seconds for Trail Making and number of unique responses for Animal Naming). As the
results for all analyses did not differ from those using corrected T-scores (Kern et al., 2008),
these standardized scores are presented to facilitate ease of interpretation.

2.5 Statistical Approach

3. Results

Independent t-tests and chi-square tests were utilized to examine for any potential
demographic differences between groups. Because gestures occurred infrequently and
primarily in the UHR participants, group differences involving gesture were evaluated
utilizing the Mann-Whitney U test and correlations were evaluated utilizing Spearman
correlations (non-parametric equivalents for t-test/Pearson’s r). Group differences in the
cognitive variables and symptom variables were examined using independent t-tests. Two-
tailed tests were employed for comparisons that did not involve a predicted outcome (i.e.,
demographic differences, group differences in retrieval gestures), whereas one-tailed tests
were used for predicted outcomes (group differences in mismatch gesture and cognitive
variables, correlations between gesture types, cognitive variables, and symptoms).

Gesture behavior and symptom variables were collected for each of the 78 participants (42
UHR/36control), and a total of 72 participants (37 UHR/35control) completed the brief
cognitive battery (note: the remaining cognitive data were incomplete for 6 cases due to test
fatigue or incomplete administration). There were no significant group differences for
demographic variables including age [t(76)=1.23, p=.22], gender [%2(1)=1.06, p=.30] or
parental education [t(75)=.99, p=.32]. See Table 1 for group comparisons of demographic
and target variables. As expected, the UHR group displayed elevated positive [t(76)=14.89,
p<.01] and negative symptoms [t(74)=7.56, p<.01], as well as lower verbal production
performance [t(70)=2.23, p=.02]. However, while the UHR group showed slightly slower
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mean visual processing speed performance, there were no significant group differences for
this variable [t(70)=-.01, p=.50].

3.1 Group Differences in Mismatch and Retrieval Gestures

A Mann-Whitney U test indicated that there were significantly more incidences of mismatch
gestures in the UHR group when compared to controls, z=—2.11 p=.02. There were 7
participants that demonstrated mismatch gestures in the UHR group (16.6%; mean=.16,
SD=.37) while there was a single case in the controls (3%; mean=.03, SD=.17). Examples of
mismatch gestures in the current sample include: a participant saying “two times in a year”
but simultaneously raising a single finger; a participant saying the phrase “mixing things
together” while simultaneously spreading his hands apart; a participant referring to “time
being linear” while gesturing a curved line; and a participant noting that “things are
improving” but making a downward motion with his hand. A Mann-Whitney U test
indicated that the UHR group exhibited significantly more retrieval gestures, z=—2.98, p<.
01. Specifically, 11 participants (26.2%; mean=.36; SD=.69) in the UHR group exhibited
these gestures while they were only observed in 1 control participant (3%; mean=.03; SD=.
17). An example of a retrieval gesture occurred when a participant described an increase in
positive symptoms. The subject said “I am a lot more...” then paused, and during the pause,
created a rapid, wide, and repetitive circular gesture before continuing with *...conscious of
those feelings.” In other cases we observed participants grasping or reaching in the air
during pauses before seeming to find the phrase they were looking for.

3.2 Associations Between Gestures, Symptoms, and Cognitive Performance

Non-parametric correlations were conducted to determine the relationship between gesture
behavior and both symptoms and cognitive variables in the UHR group (note: these gestures
did not occur at a frequency that would allow for analysis in the healthy control group).
Spearman correlations indicated that incidences of mismatch gestures were associated with
elevated negative symptoms (r=.26, p<.05) as well as deficits in visual processing speed (r=
-.30, p<.05), while associations with verbal production (r=—.02) and positive symptoms (r=.
05) did not approach significance. In contrast, retrieval gestures were associated with both
elevated verbal production (r=.28, p<.05) and visual processing speed (r=.42, p<.01), but not
positive (r=.10) or negative (r=.09) symptoms.

4. Discussion

Investigations of gesture behavior have significantly improved our understanding of social
and cognitive processes (McNeill, 1992; Goldin-Meadow et al., 1993; Streek, 1994; Alibali
& DiRusso, 1999), and several studies have implicated abnormal gesture behavior in
schizophrenia and spectrum groups (Trosi et al., 1998; Straube et al., 2013a,b; Walther et al.,
2013a,b). However, to date our understanding of gesture behavior in the psychosis risk-
period has been limited. In the present investigation we observed that UHR individuals show
elevated incidences of mismatch and retrieval gestures when compared to controls.
However, while the former appears to be associated with symptomatology and lower
processing speed in the patient group, the latter is not tied to symptoms, but rather is
correlated with higher speed of processing and greater verbal production in UHR youth.

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al.

Page 7

The current observation that UHR participants exhibited elevated mismatch gestures is
consistent with findings that individuals with chronic schizophrenia and disordered speech
produced a high frequency of speech-gesture mismatches (Goss, 2011, unpublished
dissertation). In turn, the relationship between mismatch gestures and negative symptoms is
consistent with recent observations that patients with more negative symptoms exhibit
higher gesture frequencies (Lavelle et al., 2013). However, it is important to consider that
other work (that did not examine the mismatch or retrieval gestures) suggests negative
symptoms are relatively independent of non-verbal communication (Troisi et al., 1998) and
social cognition (Sergi et al., 2007). As gesture plays a key role in linking thought with
language (McNeill, 1992) and negative symptomatology (which often precedes formal
psychosis by several years and tends not to oscillate) is thought to be a core feature of
schizophrenia (Bleuler, 1950), mismatch gestures may reflect a central aspect of psychosis-
spectrum pathology.

We also observed that elevated mismatch gestures were associated with deficits in visual
information processing speed. This finding is interesting as studies have shown that in
healthy individuals, speech-gesture mismatches can actually be induced in through
cognitively demanding tasks such as telling complex lies (Franklin, 2007) or explaining
difficult math problems (Church & Goldin-Meadow, 1986; Alibali & Goldin-Meadow,
1993). Indeed, mismatch gestures can be seen as failures to suppress conflicting or
contextually irrelevant information (Funahashi, 2001).

Researchers have observed that gesturing during hesitations in speech can improve lexical
retrieval rates in children (Pine et al., 2007) and young adults (Frick-Horbury & Guttentag,
1998). Thus, while the use of retrieval gestures can be seen as a normative behavior, the
UHR group used them at an elevated rate in the 15-minute videotaped sample. While both
groups preformed at a roughly even level in the visual processing speed domain, those in the
UHR group who scored higher also employed elevated retrieval gestures. One possibility is
that the elevated use of this gesture reflected a compensatory mechanism in the UHR group.
This link between retrieval gestures and elevated verbal production is particularly
interesting given a body of literature indicating verbal fluency deficits in UHR individuals
(Cosway et al., 2000; Keefe et al., 2006; Pukrop et al., 2006; Pukrop et al., 2007; Simon et
al., 2007; Frommann et al., 2011), lexical retrieval dysfunction in schizophrenia (Allen et
al., 1993; Covington et al., 2005), and research tying gesture and lexical retrieval in healthy
individuals (Hadar & Butterworth, 1997; Krauss & Hadar, 1999). As gesture based
treatments have been found to improve word production in neurologically impaired
individuals (Rose, Douglas, Matyas, 2002), these findings speak to the potential for future
experimental treatment studies.

It is important to note that causality cannot be determined due to the study's correlational
design. In addition, the study included a single time-point and longitudinal research is
necessary to determine test characteristics as well as the predictive value of gesture in
determining illness progression. Further, while this study focuses on gesture production,
gesture comprehension is also integral to understanding non-verbal deficits in psychosis. In
addition, while the guiding literature tying gesture to cognitive function in schizophrenia is
limited, and we chose two cognitive domains that have been linked to gesture, the present

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al.

Page 8

battery was short and non-specific (i.e., animal naming gauges several functions in addition
to verbal production including semantic memory and language; Morris et al., 1989). Future
investigations including a broader set of clinical outcome variables (beyond symptoms
alone) as well as additional tests of language production and other relevant cognitive
functions are also needed. It is also important to note that because reviewers coded clinical
structured interviews, this may have compromised blinding to group status; future studies
should include a neutral task instead (e.g., re-telling a story). Finally, while this study
detected several cases of mismatch and retrieval gestures, the overall number of cases was
relatively small. Future studies with larger samples will be important for examining these
types of gestures and their integral link to cognitive function and symptoms.

Taken together, the present results support the notion that gesture and cognitive processes
are intricately intertwined. In UHR youth, specific gestures may serve a compensatory
function or reflect pathogenic processes. If longitudinal studies indicate that certain gestures
reflect heightened vulnerability for eventual transition to a psychotic disorder, these
behaviors may serve as a novel biomarker. Further, If future experimental work indicates
that certain gesture types improve cognition, interventions involving gesticulation may hold
promise for the treatment of psychosis-spectrum disorders.

Acknowledgments

There no acknowledgements.
Role of Funding

This work was supported by National Institutes of Health Grants ROIMH094650 (Mittal).

References

Allen HA, Liddle PF, Frith CD. Negative features, retrieval processes, and verbal fluency in
schizophrenia. Br. J. Psychiatry. 1993; 163:769-775. [PubMed: 8306119]

Alibali MW, Goldin-Meadow S. Gesture-speech mismatch and mechanisms of learning: what the
hands reveal about a child's state of mind. Cogn. Psychology. 1993; 25:468-523.

Alibali MW, DiRusso AA. The function of gesture in learning to count: more than keeping track.
Cogn. Dev. 1999; 14:37-56.

Alibali MW, Kita S, Young AJ. Gesture and the process of speech production: we think, therefore we
gesture. Lang. Cogn. Processes. 2000; 15(6):593-613.

Benton, AL.; Hamsher, K.; Sivan, A. Multilingual Aphasia Examination. lowa City, lowa: AJA
Associates; 1989.

Bleuler, E. Dementia Praecox or the Group of Schizophrenias. Oxford: International Universities
Press; 1950.

Bokat CE, Goldberg TE. Letter and category fluency in schizophrenic patients: a meta-analysis.
Schizophr. Res. 2003; 64(1):73-78. [PubMed: 14511803]

Butterworth B, Hadar U. Gesture, speech, and computational stages: a reply to McNeill. Psychol. Rev.
1989; 96(1):168-174. [PubMed: 2467319]

Church R, Goldin-Meadow S. The mismatch between gesture and speech as an index of transitional
knowledge. Cogn. 1986; 23:43-71.

Cook SW, Mitchell Z, Goldin-Meadow S. Gesturing makes learning last. Cogn. 2008; 106(2):1047-
1058.

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al.

Page 9

Cornblatt BA, Auther AM, Niendam T, Smith CW, Zinberg J, Bearden CE, et al. Preliminary findings
for two new measures of social and role functioning in the prodromal phase of schizophrenia.
Schizophr. Bull. 2007; 33(3):688-702.

Couture SM, Penn DL, Roberts DL. The functional significance of social cognition in schizophrenia: a
review. Schizophr. Bull. 2006; 32(suppl 1):S44-S63. [PubMed: 16916889]

Covington MA, He C, Brown C, Naci L, McClain JT, Fjordbak BS, et al. Schizophrenia and the
structure of language: the linguist's view. Schizophr. Res. 2005; 77:85-98. [PubMed: 16005388]

Cosway R, Byrne M, Clafferty R, Hodges A, Grant E, Abukmeil SS, et al. Neuropsychological change
in young people at high risk for schizophrenia: results from the first two neuropsychological
assessments of the Edinburgh High Risk Study. Psychol. Med. 2000; 30(5):1111-1121. [PubMed:
12027047]

Eack SM, Mermon DE, Montrose DM, Miewald J, Gur RE, Gur RC, et al. Social cognition deficits
among individuals at familial high risk for schizophrenia. Schizophr. Bull. 2010; 36(6):1081—
1088.

Feyereisen P. Gesture and speech, interactions and separations: a reply to McNeill 1985. Psychol. Rev.
1987; 94:493-498.

First, M.; Spitzer, R.; Gibbon, M.; Williams, J. Structured Clinical Interview for the DSM-1V Axis |
Disorders (SCID-I), Patient Edition. Washington DC: American Psychiatric Press; 1995.

Franklin, A. Blending in deception: tracing output back to its source. In: Duncan, SD.; Cassell, J.;
Levy, ET., editors. Gesture and the Dynamic Dimension of Language: Essays in Honor of David
McNeill. Philadelphia: John Benjamins Publishing Company; 2007. p. 99-108.

Frick-Horbury D, Guttentag RE. The effects of restricting gesture production on lexical retrieval and
free recall. Am. J. Psychol. 1998; 111(1):45-62.

Frommann I, Pukrop R, Brinkmeyer J, Bechdolf A, Ruhrmann S, Berning J, et al. Neuropsychological
profiles in different at-risk states of psychosis: executive control impairment in the early—and
additional memory dysfunction in the late—prodromal state. Schizophr. Bull. 2011; 37(4):861—
873. [PubMed: 20053865]

Funahashi S. Neuronal mechanisms of executive control by the prefrontal cortex. Neurosci. Res. 2001;
39(2):147-165. [PubMed: 11223461]

Fusar-Poli P, Deste G, Smieskova R, Barlati S, Yung AR, Howes O, et al. Cognitive functioning in
prodromal psychosis: a meta-analysis. Arch. Gen. Psychiatry. 2012; 69(6):562-571. [PubMed:
22664547]

Goldin-Meadow, S. Hearing Gesture: How Our Hands Help us Think. Cambridge, MA: Harvard
University Press; 2003.

Goldin-Meadow S, Alibali MW, Church RB. Transitions in concept acquisition: Using the hand to
read the mind. Psychol. Rev. 1993; 100(2):279-297. [PubMed: 8483984]

Goldin-Meadow S. The role of gesture in communication and thinking. Trends in Cogn. Sci. 1999;
3(11):419-429. [PubMed: 10529797]

Green MJ, Waldron JH, Simpson I, Coltheart M. Visual processing of social context during mental
state perception in schizophrenia. J. Psychiatric Neurosci. 2008; 33(1):34.

Hostetter AB, Alibali MW. Raise your hand if you're spatial: relations between verbal and spatial skills
and gesture production. Gesture. 2007; 7(1):73-95.

Keefe RS, Perkins DO, Gu H, Zipursky RB, Christensen BK, Lieberman JA. A longitudinal study of
neurocognitive function in individuals at-risk for psychosis. Schizophr. Res. 2006; 88(1):26-35.
[PubMed: 16930949]

Kern R, Nuechterlein K, Green M, Baade L, Fenton W, Gold J, et al. The MATRICS Consensus
Cognitive Battery, part 2: co-norming and standardization. Am. J. Psychiatry. 2008; 165(2):214—
220. [PubMed: 18172018]

Krauss RM, Chen Y, Chawla P. Non-verbal behavior and non-verbal communication: what do
conversational hand gestures tell us? Adv. Exp. Soc. Psychol. 1996; 28:389-450.

Lavelle M, Healey PG, McCabe R. Is non-verbal communication disrupted in interactions involving
patients with schizophrenia? Schizophr. Bull. 2013; 39(5):1150-1158. [PubMed: 22941744]

McNeill, D. Hand and Mind. Chicago: The University of Chicago Press; 1992.

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al.

Page 10

Melinger, A.; Kita, S. When input and output diverge: mismatches in speech, gesture and image.
Proceedings of the 26th Annual Meeting of the Cognitive Science Society; Chicago, IL. 2004.

Meilijson SR, Kasher A, Elizur A. Language performance in chronic schizophrenia: a pragmatic
approach. J. Speech Lang. Hear Res. 2004; 47(3):695-713. [PubMed: 15212578]

Mittal VA, Tessner KD, McMillan AL, Delawalla Z, Trotman HD, Walker EF. Gesture behavior in
unmedicated schizotypal adolescents. J. Abnorm. Psychol. 2006; 115(2):351-358. [PubMed:
16737399]

Mittal VA, Walker EF, Bearden CE, Walder D, Trottman H, Daley M, et al. Markers of basal ganglia
dysfunction and conversion to psychosis: neurocognitive deficits and dyskinesias in the prodromal
period. Biol. Psychiatry. 2010; 68(1):93-99. [PubMed: 20227679]

Morris JC, Heyman A, Mohs RC, Hughes JP, Van Belle G, Fillenbaum G, et al. The consortium to
establish a registry for Alzheimer’s disease (CERAD). Part I. Clinical and neuropsychological
assessment of Alzheimer’s disease. Neurology. 1989; 39:1159-1165. [PubMed: 2771064]

Morsella E, Krauss RM. The role of gestures in spatial working memory and speech. Am. J. Psychol.
2004; 117(3):411-424. [PubMed: 15457809]

Niendam TA, Bearden CE, Zinberg J, Johnson JK, O'Brien M, Cannon TD. The course of
neurocognition and social functioning in individuals at ultra high risk for psychosis. Schizophr.
Bull. 2007; 33(3):772-781. [PubMed: 17420177]

Nuechterlein K, Green M, Kern R, Baade L, Barch D, Cohen J, et al. The MATRICS Consensus
Cognitive Battery, part 1: test selection, reliability, and validity. Am. J. Psychiatry. 2008; 165(2):
203-213. [PubMed: 18172019]

Osiurak F, Jarry C, Baltenneck N, Boudin B, Le Gall D. Make a gesture and | will tell you what you
are miming. Pantomime recognition in healthy subjects. Cortex. 2012; 48(5):584-592. [PubMed:
21333287]

Ozyiirek A, Willems RM, Kita S, Hagoort P. On-line integration of semantic information from speech
and gesture: insights from event-related brain potentials. J. Cogn. Neurosci. 2007; 19(4):605-616.
[PubMed: 17381252]

Pine KJ, Bird H, Kirk E. The effects of prohibiting gestures on children's lexical retrieval ability. Dev.
Sci. 2007; 10(6):747-754. [PubMed: 17973791]

Pukrop R, Schultze-Lutter F, Ruhrmann S, Brockhaus-Dumke A, Tendolkar I, Bechdolf A, et al.
Neurocognitive functioning in subjects at risk for a first episode of psychosis compared with first-
and multiple-episode schizophrenia. J. Clin. Exp. Neuropsychol. 2006; 28(8):1388-1407.
[PubMed: 17050266]

Pukrop R, Ruhrmann S, Schultze-Lutter F, Bechdolf A, Brockhaus-Dumke A, Klosterkétter J.
Neurocognitive indicators for a conversion to psychosis: comparison of patients in a potentially
initial prodromal state who did or did not convert to a psychosis. Schizophr. Res. 2007; 92(1):116-
125. [PubMed: 17344028]

Peigneux P, Salmon E, Van Der Linden M, Garraux G, Aerts J, Delfiore G, et al. The role of lateral
occipitotemporal junction and area MT/V5 in the visual analysis of upper-limb postures.
Neuroimage. 2000; 11(6):644-655. [PubMed: 10860793]

Rauscher FH, Krauss RM, Chen Y. Gesture, speech, and lexical access. The role of lexical movements
in speech production. Psychol, Sci. 1996; 7:226-231.

Rose M, Douglas J, Matyas T. The comparative effectiveness of gesture and verbal treatments for a
specific phonologic naming impairment. Aphasiol. 2002; 16(10-11):1001-1030.

Scherer, KR.; Ekman, P. Handbook of methods in non-verbal behavior research. VVol. 2. Cambridge:
Cambridge University Press; 1982. p. 970-974.

Sergi MJ, Rassovsky Y, Widmark C, Reist C, Erhart S, Braff DL, et al. Social cognition in
schizophrenia: relationships with neurocognition and negative symptoms. Schizophr. Res. 2007;
90(1):316-324. [PubMed: 17141477]

Seidman LJ, Giuliano AJ, Meyer EC, Addington J, Cadenhead KS, Cannon TD, et al.
Neuropsychology of the prodrome to psychosis in the NAPLS consortium: relationship to family
history and conversion to psychosis. Arch. Gen. Psychiatry. 2010; 67(6):578-588. [PubMed:
20530007]

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Millman et al.

Page 11

Simon AE, Cattapan-Ludewig K, Zmilacher S, Arbach D, Gruber K, Dvorsky DN, et al. Cognitive
functioning in the schizophrenia prodrome. Schizophr. Bull. 2007; 33(3):761-771. [PubMed:
17412711]

Straube B, Green A, Sass K, Kirner-Veselinovic A, Kircher T. Neural integration of speech and
gesture in schizophrenia: evidence for differential processing of metaphoric gestures. Hum. Brain
Mapp. 2013a; 34(7):1696-1712. [PubMed: 22378493]

Straube B, Green A, Sass K, Kircher T. Superior temporal sulcus disconnectivity during processing of
metaphoric gestures in schizophrenia. Schizophr. Bull. 2013b sbt110.

Streek J. Gesture as communication I1: the audience as co-author. Res. Lang. Soc. Interact. 1994;
27(3):239-267.

Tombaugh TN. Trail making test A and B: normative data stratified by age and education. Arch. Clin.
Neuropsycholog. 2004; 19(2):203-214.

Troisi A, Spalletta G, Pasini A. Non-verbal behavior deficits in schizophrenia: an ethological study of
drug-free patients. Acta. Psychiatr. Scand. 1998; 97(2):109-115. [PubMed: 9517903]

Walder DJ, Mittal VA, Trottman HD, McMillan AL, Walker EF. Neurocognition and conversion to
psychosis in adolescents at high-risk. Schizophr. Res. 2008; 101:161-168. [PubMed: 18280704]

Walther S, Vanbellingen T, Mri R, Strik W, Bohlhalter S. Impaired gesture performance in
schizophrenia: particular vulnerability of meaningless pantomimes. Neuropsycholog. 20133;
51(13):2674-2678.

Walther S, Vanbellingen T, Miiri R, Strik W, Bohlhalter S. Impaired pantomime in schizophrenia:
association with frontal lobe function. Cortex. 2013b; 49(2):520-527. [PubMed: 22264446]

Schizophr Res. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Millman et al. Page 12

Table 1

Group Differences in Demographics, Cognitive Performance, and Gesture Production

Healthy  Ultra High-Risk Total Differences
Gender
Males 19(52.8%) 27(64.3%)  47(41.0%) N.S
Females 17(47.2%) 15(35.7%)  32(59.0%)
Total 36 42 78
Age
Mean Years (SD) 18.1(2.3) 18.6(1.8)  18.4(2.1) N.S
Parent Education
Mean Years (SD) 15.2(3.0) 15.8(2.5)  15.5(2.8) N.S
Symptoms
Positive
Mean (SD) 53(1.2) 12.1(4.5) 6.8(6.7) p<0.01
Negative
Mean (SD) 58(1.2) 10.0(7.3) 55(7.1)  p<0.01
Cognitive Functions
Verbal Production
Mean (SD) 55.0(10.0) 49.7(104) 52.3(10.7)  p<0.05
Visual Processing
Mean (SD) 49.3(10.5) 49.3(11.0)  49.3(10.7) N.S
Gesture
Mismatch
Mean Rank 36.5 42.0 -- p<0.05
Retrieval
Mean Rank 345 43.8 -- p<0.01

Note: not significant (N.S.); A chi-square test was employed to compare gender composition between groups, independent t-tests were utilized to
compare group differences in age, parental education symptoms and cognitive function (cognitive values are reported as T-scores), and a Mann-
Whitney U test was used to compare gesture types between the groups (Mean rank is reported).
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