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Parkinson’s disease (PD) is a common chronic and 
progressive neurodegenerative disease with a median 
incidence of 14 per 100,000 increasing to 160 per 
100,000 in the age group over 65 (Hirtz et al., 2007). 
These patients suffer from motor symptoms like 
bradykinesia, resting tremor, rigidity, and impaired 
postural reflexes (Hughes et al., 1992) and also non-
motor symptoms are common, even in early stages of the 
disease (Aarsland et al., 2009). Cognitive disturbances 
include the domains of attention, memory and decision-
making (Brand et al., 2004). Furthermore, several 
behavioral disturbances have been reported for PD, such 
as disturbances related to theory-of-mind (e.g. Yu & Wu, 
2013), face recognition (e.g. Dujardin et al., 2004), risk-
taking and trust (Javor et al., 2013a). 
 
Patients in general use the computer and the internet for 
private and disease specific information search and 
communication (Hartzband & Groopman, 2010). 
According to a Norwegian study nearly 80% of computer 
users with Parkinson’s Disease report to have significant, 
severe or highly severe difficulties using a computer 
(Begnum, 2010). Interacting with computers can lead to 
a perception of complexity, uncertainty, and stress (e.g., 
Riedl, 2013), and therefore the question of how to design 
computer interfaces for patient populations is a major 
topic in Human-Computer Interaction (HCI) (Biswas & 
Robinson, 2008). While the effects of PD patients’ motor 
symptoms on their interaction with computers is on the 
research agenda of HCI scholars (e.g. Keates & Trewin, 
2005), behavioral symptoms have hardly been made the 
subject of discussion in the past. 
 
Avatars are user-created digital representations 
symbolizing the user’s presence in a virtual environment 
(Bailenson et al., 2005). Several studies have 
demonstrated that avatars are perceived as social agents, 
thereby having potential social influence on humans (e.g. 
Bailenson et al., 2005; Pertaub et al., 2001). Hence, 
humans interacting with avatars have an experience of 
being with another person (Bailenson et al., 2005). In 
line with this research one study showed that avatars are 
trusted to a similar extent as humans by healthy subjects 
(Riedl et al., 2014). For these reasons, avatars often 
occur in the online world to help overcome the above-

mentioned perception of uncertainty by imitating face-
to-face interaction (Donath, 2007).  
 
There have been first studies to investigate how patients 
suffering from psychiatric diseases interact with avatars, 
e.g. in schizophrenia (Park et al., 2009; Castelnovo et al., 
2012) and bipolar disorder (Kim et al., 2009), and 
psychiatry has already started to adopt these findings in 
order to advance basic and clinical research. However, 
how neurological patients in general, and PD patients in 
particular, interact with avatars has, to the best of our 
knowledge, not yet been studied. This is surprising 
considering the fact that PD patients frequently 
encounter avatars in virtual environments in their 
private lives, but also in diagnostic environments used to 
examine and evaluate PD patients (Arias et al., 2012), in 
assistive technologies (Cunningham et al., 2009), and in 
neurorehabilitation systems (Yu et al., 2011). 
Furthermore, in the light of the above mentioned 
deficiencies of PD patients in face-to-face social 
interaction one might speculate if and how these 
impairments influence human-avatar interaction. To 
derive our hypotheses, we argue from a neuroscientific 
perspective as follows: 
 
(1) PD patients have lower trust in simulated face-to-

face interactions compared to healthy controls 
(Javor et al., 2013a). Because trust is mainly related 
to activity in three brain regions, namely the limbic 
system, the basal ganglia and theory-of-mind-
regions of the frontal cortex (Riedl & Javor, 2012), 
and all of these regions are affected by PD, there are 
several candidates that could be responsible for the 
trust deficit in face-to-face interaction. 

(2) There is evidence that theory-of-mind regions are 
more active in the evaluation of the trustworthiness 
of human faces compared to avatars (Riedl et al., 
2014). Furthermore, avatars, if compared to humans, 
elicit less activation in the limbic system (Moser et 
al., 2007). 

(3) Based on consideration of the facts in (1) and (2) we 
hypothesize that PD patients have less or no trust 
deficit when interacting with avatars, because some 
of the brain regions that are affected by PD and 
which are important for trust regulation are less 
active in human interaction with avatars. 
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To test our hypothesis we designed an experiment, where 
participants played a one-shot trust game against 16 
avatars and 16 real faces in the role of the trustor (i.e., 
investor). We recruited 20 PD patients and 20 healthy 
controls (matched for gender, age, income and 
education). While PD patients have lower trust in human 
faces compared to healthy controls, this study shows no 
significant difference between PD patients’ and healthy 
controls’ trust in avatars. Furthermore, PD patients show 
higher trust in avatars if compared to their trust in 
human faces. 
 
A major implication of our study is that avatars could be 
used in information systems and human-computer 
interfaces used by PD patients in order to increase their 
trust. We see the following important application 
domains: (1) assistive and rehabilitation technologies, (2) 
specific public health messages for PD patients in social 
media, and (3) telemedicine. Our study has also 
implications for e-commerce and suggests that online 
shops frequently used by PD patients could increase trust 
by using avatar salespersons. However, Javor et al. 
(2013b) argued that marketing research involving 
patients or disabled persons should be strictly evaluated 
from an ethical point of view.  
 
Human-avatar interaction elicits a brain response that 
differs from human-human interaction, especially in the 
amygdala and theory-of-mind regions (Moser et al., 
2007; Riedl et al., 2014). Our data shows that there is no 
difference in trust behavior between PD patients’ and 
healthy controls’ interaction with avatars, while there is a 
trust deficit in PD patients’ interaction with humans. 
This could lead to the hypothesis that the trust deficit of 
PD patients in face-to-face-interaction could be a 
consequence of impaired limbic (face recognition) and 
frontal (theory-of-mind) functions. We advocate for 
further research using functional brain imaging to gain 
insights into the pathophysiology of trust in PD patients’ 
interaction with humans and avatars.  
 

REFERENCES 
 Benbasat, I., and Zmud, R.W. 2003. “The Identity Crisis within the IS 

Discipline: Defining and Communicating the Discipline’s Core 
Properties,” MIS Quarterly (27:2), pp. 183-194. 

 Arias, P., Robles-García, V., Sanmartín, G., et al. 2012. “Virtual reality as 
a tool for evaluation of repetitive rhythmic movements in the elderly and 
Parkinson's disease patients,” PloS one (7:1), e30021. 

 Aarsland, D., Brønnick, K., Larsen, J.P., et al. 2009. “Norwegian Park 
West Study G. Cognitive impairment in incident, untreated Parkinson 
disease: The Norwegian Park West Study,” Neurology (72), pp. 1121-
1126. 

 Bailenson, J. N., Swinth, K., Hoyt, C., et al. 2005. “The independent and 
interactive effects of embodied-agent appearance and behavior on self-
report, cognitive, and behavioral markers of copresence in immersive 
virtual environments,“ Presence: Teleoperators and Virtual 
Environments (14:4), pp. 379-393. 

 Begnum, M.E.N. 2010. “Challenges for Norwegian PC-Users with 
Parkinson’s Disease–A Survey,“ In Computers Helping People with 
Special Needs (pp. 292-299). Springer Berlin Heidelberg. 

 Biswas, P., & Robinson, P. 2008. “Modelling user interfaces for special 
needs,“ Accessible Design in the Digital World (ADDW). 

 Brand, M., Labudda, K., Kalbe, E., et al. 2004. “Decision-making 
impairments in patients with Parkinson's disease,” Behav Neurol (15), 
pp. 77-85. 

 Castelnovo, A., Ranieri, R., Marcatili, M., et al. 2012. “P-1222-Decision 
making in schizophrenia: a neuroeconomic trial on social cognition,” 
European Psychiatry, (27:1). 

 Cunningham, L.M., Nugent C.D., Finlay D.D., et al. 2009. “A review of 
assistive technologies for people with Parkinson’s disease,” Technology 
and Health Care (17:3), pp. 269-279. 

 Donath, J. 2007. “Virtually trustworthy,” Science (317), pp. 53-54. 
 dos Santos Mendes, F.A., Pompeu, J.E., Modenesi Lobo, A., et al. 2012. 

“Motor learning, retention and transfer after virtual-reality-based training 
in Parkinson’s disease - effect of motor and cognitive demands of games: 
a longitudinal, controlled clinical study,“ Physiotherapy (98

 Dujardin, K., Blairy, S., Defebvre, L., et al. 2004. “Deficits in decoding 
emotional facial expressions in Parkinson’s disease,” Neuropsychologia 
(42), pp. 239-250. 

:3), pp. 217-
223. 

 Hartzband, P., Groopman, J. 2010. “Untangling the Web - Patients, 
Doctors, and the Internet,“ N Engl J Med (362), pp. 1063-1066

 Hirtz, D., Thurman, D.J., Gwinn-Hardy, K., et al. 2007. “How common are 
the “common” neurologic disorders?” Neurology (68), pp. 326-337. 

. 

 Hughes, A.J., Ben-Shlomo, Y., Daniel, S. E., et al. 1992. “What features 
improve the accuracy of clinical diagnosis in Parkinson’s disease: a 
clinicopathologic study,” Neurology (42), pp. 1142-1146. 

 Javor, A., Riedl, R., Kirchmayr, M., et al. 2013a. „Trust and risk behavior 
in Parkinson's disease: Experimental evidence and clinical implications,“ 
Journal of the Neurological Sciences (333), pp. e80-e81. 

 Javor, A., Koller, M., Lee, N., et al. 2013b. “Neuromarketing and 
consumer neuroscience: Contributions to neurology,” BMC Neurol 
(13:1), p. 13. 

 Keates, S., Trewin, S. 2005. “Effect of age and Parkinson's disease on 
cursor positioning using a mouse,“ In Proceedings of the 7th 
international ACM SIGACCESS conference on Computers and 
accessibility, pp. 68-75. 

 Kim, E., Jung, Y. C., Ku, J., et al. 2009. “Reduced activation in the mirror 
neuron system during a virtual social cognition task in euthymic bipolar 
disorder,“ Progress in Neuro-Psychopharmacology and Biological 
Psychiatry (33:8), pp. 1409-1416. 

 Moser, E., Derntl, B., Robinson, S., et al. 2007. ”Amygdala activation at 
3T in response to human and avatar facial expressions of emotions,” J 
Neurosci Methods (161), pp. 126-133. 

 Park, I.H., Kim, J.J., Ku, J., et al. 2009. ”Characteristics of social anxiety 
from virtual interpersonal interactions in patients with schizophrenia,” 
Psychiatry (72), pp. 79-93. 

 Pertaub, D.-P., Slater, M., Barker, C. 2001. “An experiment on public 
speaking anxiety in response to three different types of virtual audience,” 
Presence: Teleoperators and Virtual Environments (11:1), pp. 68-78. 

 Riedl, R. 2013. “On the Biology of Technostress: Literature Review and 
Research Agenda,“ DATA BASE for Advances in Information Systems 
(44:1), pp. 18-55. 

 Riedl, R., Javor, A. 2012. ”The Biology of Trust: Integrating Evidence 
from Genetics, Endocrinology and Functional Brain Imaging,” Journal of 
Neuroscience, Psychology, and Economics (2), pp. 63-91. 

 Riedl, R., Mohr, P., Kenning, P., David, F., Heekeren, H. 2014. “Trusting 
Humans and Avatars: A Brain Imaging Study Based on Evolution 
Theory,“ Journal of Management Information Systems (30:4), pp. 83-
114. 

 Yu, R.L., Wu, R.M. 2013. “Social brain dysfunctions in patients with 
Parkinson’s disease: a review of theory of mind studies,” Translational 
neurodegeneration (2:1), pp. 7. 


	1-3.pdf
	References

	4.pdf
	References

	5.pdf
	References

	6-8.pdf
	References

	9-11.pdf
	References

	15-17.pdf
	References

	18-19.pdf
	References

	20-22.pdf
	References

	23-25.pdf
	I. Introduction
	II. Literature Review
	III. Experimental Setup
	IV. Results
	V. Conclusion
	References

	26.pdf
	References

	27-28.pdf
	References

	29-31.pdf
	References

	32-34.pdf
	References

	35.pdf
	References

	36.pdf
	References

	37.pdf
	I. Conceptualization of the CA grid
	II. Preliminary Application of the CA Grid
	III. Potential contribution of the CA Grid
	References

	38.pdf
	References

	39-41.pdf
	Introduction
	Methods and Contribution
	SSAES Design
	Discussion and Conclusions
	References

	42.pdf
	References

	44.pdf
	References

	45.pdf
	References

	46-47.pdf
	References

	48.pdf
	References

	49.pdf
	References

	51.pdf
	References

	52.pdf
	References

	53.pdf
	References


