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Abstract
7KHLQFUHDVLQJSUHVVXUHRQKHDOWKFDUHV\VWHPVFDOOVIRULQQRYDWLYHVROXWLRQVDPRQJZKLFK
VRFLDO URERWV +RZHYHU KHDOWKFDUH VLWXDWLRQV RIWHQ DUH KLJKO\ HPRWLRQDO ZKLOH OLWWOH LV
NQRZQDERXWKRZpeople’s SULRUHPRWLRQDOVWDWHPD\DIIHFWWKHSHUFHSWLRQDQGDFFHSWDQFH
RI VXFK URERWV )ROORZLQJ DSSUDLVDO WKHRULHV RI HPRWLRQ WKH DSSUDLVDO RI FRSLQJ SRWHQWLDO
related to one’s emotions was found to be important LQ DFWLQJ DV PHGLDWRU EHWZHHQ
HPRWLRQDOVWDWHDQGSHUFHSWLRQVRIDURERW 6SHNPDQHWDODE WKRXJKWKLVKDV
QRW\HWEHHQWHVWHGLQUHODWLRQWRDFWXDOHPRWLRQDOFRSLQJQRULQDQDFWXDOHQFRXQWHUZLWKD
URERW +HQFH WKH FXUUHQW VWXG\ IRFXVHG RQ KRZ DFWXDO HPRWLRQDO FRSLQJ LQIOXHQFHV
VXEVHTXHQWURERWSHUFHSWLRQVLQWZRH[SHULPHQWV,Q 6WXG\ 1  DQG6WXG\ 1 
 SDUWLFLSDQWVHQFRXQWHUHGDUHDOKXPDQRLGURERWDIWHUDPDQLSXODWLRQWRLQGXFHYDULRXV
HPRWLRQVDQGFRSLQJSRWHQWLDO0DQLSXODWLRQVLQERWKVWXGLHVZHUHHIIHFWLYH\HWWKHUHVXOWV
LQ 6WXG\  DSSHDUHG WR EH confounded by a novelty effect of participants’ first encounter
ZLWK D UHDO URERW WKDW WDONHG WR WKHP 7KHUHIRUH SDUWLFLSDQWV LQWHUDFWHG EULHIO\ ZLWK WKH
URERW EHIRUH WKH DFWXDO H[SHULPHQW LQ 6WXG\  5HVXOWV VXJJHVWHG WKDW WKHUH ZDV DQ
LQWHUDFWLRQ HIIHFW RI SULRU HPRWLRQV DQG PDQLSXODWHG  FRSLQJ SRWHQWLDO RQ URERW
SHUFHSWLRQVEXWQRHYLGHQFHZDVIRXQGIRUWKHHIIHFWVWKDWZHUHH[SHFWHGEDVHGRQSUHYLRXV
VWXGLHV 7KHVH ILQGLQJV DUH ILQDOO\ GLVFXVVHG LQ OLJKW RI WKH KHDOWKFDUH FRQWH[W LQ ZKLFK
WKHVHVRFLDOURERWVZLOOEHGHSOR\HG












Emotions, Coping, and Social Robots

+RZHPRWLRQVDQGHPRWLRQDOFRSLQJVKDSH
SHUFHSWLRQVLQLQWHUDFWLRQZLWKDKXPDQRLGVRFLDO
URERW
Increasing pressure on both acute and long-term healthcare due to growing elderly
populations worldwide (World Health Organization, 2015) combined with severe budget
cuts force societies to look for solutions to relieve some of this pressure on healthcare
systems. These solutions may partly be found in the field of new communication
technologies. A highly promising new development in this regard is social robotics, which
has thus far shown to enhance (social) interaction to relieve loneliness, to increase therapy
adherence (i.e., remind people to take medication), and to motivate people to stay fit
(Broadbent, Stafford, & MacDonald, 2009; De Graaf, Ben Allouch, & Klamer, 2015;
Hoorn, Konijn, Germans, Burger, & Munneke, 2015; Van Kemenade, Konijn & Hoorn,
2015). Thus, social robots may play an important role as interaction partners in future
healthcare. Therefore, it is important and timely to study how individuals perceive and
accept such robots as interaction partners.
Most literature on perceptions of social robots focusses on how people feel about
the robot DIWHU they have interacted with the social robot. Thus far, however, little attention
has been paid to the effect that prior (or so-called ‘incidental’) emotions may have on
people’s perceptions of such robots, while a study among residents of a retirement village
showed that prior negative perceptions of robots may prevent people from interacting with
robots in the first place (Stafford, MacDonald, Jayawardena, Wegner, & Broadbent, 2014).
The idea that prior emotional states and attitudes may affect people’s perceptions of robots
is also supported by findings from a study by Broadbent and colleagues (2010) in which
they compared blood pressure readings performed by a robot to those performed by medical
students. Their findings showed that participants were less comfortable with the robot and
thought its blood pressure readings were less accurate than the medical students’ blood
pressure readings, even though there were no actual statistical differences in the accuracy of
both blood pressure readings. Additionally, they found that positive prior emotions and
attitudes about robots in general had positive effects on perceptions of the medical robot,
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ZKLFKPD\LQWXUQDIIHFWDFFHSWDQFHDQGDFWXDOXVHRIVXFKURERWV7KLVPD\EHSDUWLFXODUO\
UHOHYDQWLQDKHDOWKFDUHFRQWH[WDVPDQ\KHDOWKFDUHVLWXDWLRQVJRKDQGLQKDQGZLWKLQWHQVH
often negatively toned emotions (e.g., feeling sad or angry after losing one’s physical
ability or being anxious for a pending diagnosis). Thus, it is likely that such intense
emotional states affect subsequent perceptions of (interactions with) a healthcare robot.
So how do these emotions affect perceptions? According to appraisal theory, each
emotional situation is characterized by a set of distinct appraisals (Frijda, 2007). Following
the appraisal-tendency framework (Lerner & Keltner, 2000; 2001), (incidental) emotions
can influence perceptions of future, unrelated situations via the transfer of appraisals of the
current (emotional) situation to those of future situations. For instance, anger is
characterized by appraisals of high novelty, very high outcome certainty, goal obstruction,
high urgency, other agency, and high control (Ellsworth & Scherer, 2003). These anger
appraisals can then transfer to a future (unrelated) situation, leading to behaviors that are in
line with anger appraisals (e.g., higher risk-taking, as shown in Lerner & Keltner, 2000). In
other words, a given situation is appraised in a certain way and these appraisals may
transfer to an unrelated situation in the future.
Previous studies that applied this appraisal-tendency framework to study the role
of emotions in interactions with healthcare robots found that especially the appraisal of
coping potential played an important role, as it was found to mediate the effects of
emotions on perceptions of social healthcare robots (Spekman, Konijn, & Hoorn, 2018a;
2018b). Particularly, if people EHOLHYHG that they could cope with an emotional situation,
they were more positive about the robot. Yet, those previous studies applied a procedure in
which the participants were asked how they would respond to meeting a robot after reading
either a newspaper article about the robot or watching on-screen videos of the robot. It is,
however, very well conceivable that interacting with an actual, real-life humanoid robot
may evoke more intense or even different responses. Therefore, in the current study we
examined the same idea of applying the appraisal-tendency framework to human-robotinteraction, but this time the participants were interacting with real-life robots rather than
reading a newspaper article about a robot or watching video footage of a robot. Thus, this
study was guided by the following research question (RQ1): How is the appraisal of coping
potential related to perceptions of a humanoid healthcare robot?
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%HFDXVH WKH DSSUDLVDO RI FRSLQJ SRWHQWLDO LV FORVHO\ UHODWHG WR DFWXDO FRSLQJ
/D]DUXV ZHFRQVLGHUHGLWLPSRUWDQWWRH[DPLQHZKDWUROHDFWXDOFRSLQJSOD\VLQWKH
HIIHFWRIHPRWLRQRQSHUFHSWLRQVRIDKHDOWKFDUHURERW/D]DUXV  GLVWLQJXLVKHV
WZR PDMRU W\SHV RI FRSLQJ VWUDWHJLHV SUREOHPIRFXVHG FRSLQJ VWUDWHJLHV ZKLFK DUH
EDVLFDOO\DLPHGDWFKDQJLQJWKHVLWXDWLRQDQGHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVZKLFKDUH
DLPHG DW FKDQJLQJ WKH HPRWLRQDO H[SHULHQFH LWVHOI ,PDJLQH IRU H[DPSOH D VLWXDWLRQ LQ
ZKLFK\RXDUHDQJU\EHFDXVHWKHSOXPEHUGLGQRWIL[WKHSLSHVSURSHUO\3UREOHPIRFXVHG
FRSLQJ VWUDWHJLHV LQ WKLV FDVH FRXOG EH IL[LQJ WKH SLSHV \RXUVHOI RU FDOOLQJ D GLIIHUHQW
SOXPEHU WR GR LW IRU \RX ZKLOH DQ HPRWLRQIRFXVHG FRSLQJ VWUDWHJ\ PLJKW EH WR FDOO WKH
SOXPEHUDQG\HOODWKLPVRDVWRYHQW\RXUDQJHU*HQHUDOO\VSHDNLQJSHRSOHZKRIHHOLQ
FRQWURO RYHU D VLWXDWLRQ DQG WKLQN WKDW WKH\ DUH DEOH WR FKDQJH WKH VLWXDWLRQ ZLOO XVH
SUREOHPIRFXVHG FRSLQJ VWUDWHJLHV ZKHUHDV SHRSOH ZKR IHHO WKH\ ODFN FRQWURO RYHU WKH
VLWXDWLRQRUDUHXQDEOHWRFKDQJHWKHVLWXDWLRQDUHLQFOLQHGWRXVHHPRWLRQIRFXVHGFRSLQJ
VWUDWHJLHV &KLDYDULQR HW DO  *ODQ]  6FKZDUW]  /D]DUXV  /D]DUXV 
)RONPDQ 6LQFHWKHDSSUDLVDOVRIFRQWURODQGFRSLQJSRWHQWLDODUHFORVHO\UHODWHGLW
VHHPVORJLFDOWKDWDKLJKSRWHQWLDOWRFRSHLVUHODWHGWRPRUHFRQWURODQGFRQVHTXHQWO\DOVR
WRWKHFKRLFHRIFRSLQJVWUDWHJLHV)ROORZLQJWKHDERYHZHH[SHFWWKDWD KLJKSRWHQWLDOWR
FRSH ZLWK DQ HPRWLRQDO VLWXDWLRQ ZLOO EH UHODWHG WR WKH XVH RI SUREOHPIRFXVHG FRSLQJ
VWUDWHJLHV ZKHUHDV D ORZ FRSLQJ SRWHQWLDO ZLOO EH UHODWHG WR WKH XVH RI HPRWLRQIRFXVHG
FRSLQJVWUDWHJLHV + 
)XUWKHUPRUHZHH[SHFWWKHXVHRIFRSLQJVWUDWHJLHVWREHUHODWHGWRSHUFHSWLRQVRI
DVRFLDOURERWLQDVLPLODUIDVKLRQDVWKHDSSUDLVDORIFRSLQJSRWHQWLDOLQSUHYLRXVVWXGLHV
6SHNPDQ HW DO D E  ,Q WKRVH VWXGLHV WKH DSSUDLVDO RI FRSLQJ SRWHQWLDO ZDV
IRXQGWRPHGLDWHWKHHIIHFWRIHPRWLRQRQSHUFHSWLRQVRIWKHURERW)ROORZLQJWKHDSSUDLVDO
WHQGHQF\IUDPHZRUNDQGWKHPHFKDQLVPGHVFULEHGDERYHZHH[SHFWWKDWXVHRISUREOHP
IRFXVHGFRSLQJVWUDWHJLHVDUHXVHGZKHQFRSLQJSRWHQWLDOLVKLJK FI+ DQGFRQVHTXHQWO\
OHDGVWRPRUHSRVLWLYHSHUFHSWLRQVDERXWWKHVRFLDOURERWZKLOHWKHXVHRIHPRWLRQIRFXVHG
FRSLQJ VWUDWHJLHV KDV WKH RSSRVLWH HIIHFW 7KXV WKH XVH RI SUREOHPIRFXVHG FRSLQJ
VWUDWHJLHVLVH[SHFWHGWREHSRVLWLYHO\UHODWHGWRSHUFHSWLRQVDERXWDKHDOWKFDUHURERW +D 
%\ FRQWUDVW D QHJDWLYH UHODWLRQVKLS LV H[SHFWHG IRU WKH XVH RI HPRWLRQIRFXVHG FRSLQJ
VWUDWHJLHV +E 
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6WXG\
In order to test the hypotheses and research question, emotional state and coping potential
were manipulated. We chose to induce two different emotional states, anger and sadness, as
they both often occur in healthcare contexts (based on informal interviews with healthcare
professionals and literature such as Olsson et al., 2003). Furthermore, the literature showed
that these emotions differed from each other on the appraisal of coping potential (among
others): Angry people generally blame others and experience a high potential to cope with
the situation, while sad people in general appraise their situation as being low in (problemfocused) coping potential (Harmon-Jones, Sigelman, Bohlig, & Harmon-Jones, 2003; Lowe
et al., 2003). These emotional states were induced using a scenario method which is
described in more detail in the Methods section below. Coping potential was manipulated
by an appendix to this scenario which created either a changeable/controllable situation
(i.e., creating a high potential to cope with the situation) or an uncontrollable situation (i.e.,
low coping potential). A graphical overview of the study is found in Figure 1 below.

Appraisals

Emotional State (manipulated)

FRSLQJSRWHQWLDO
FRQWURODJHQF\

 DQJHUYVVDGQHVV

H1

Healthcare Robot Perceptions

H2

Coping Potential (manipulated)
ORZYVKLJKFRSLQJSRWHQWLDO

HJDIIRUGDQFHVUHOHYDQFH
LQYROYHPHQWXVHLQWHQWLRQV
Coping Strategies

H3

HJHPRWLRQIRFXVHG
SUREOHPIRFXVHG

)LJXUH Graphical representation of the theoretical framework used in the current studies.

0HWKRGV
3DUWLFLSDQWVDQGGHVLJQ
A total of 101 university students (74.3% female, 0age = 21.38, 6'age = 6.77) were
randomly assigned to one of the conditions in a 2 (induced emotion: sadness vs. anger) x 2
(manipulated coping potential: low vs. high) between-subjects lab experiment. Participants
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UHFHLYHG HLWKHU FRXUVH FUHGLW RU D JLIW FHUWLILFDWH LQ UHWXUQ IRU WKHLU SDUWLFLSDWLRQ 1R
GLIIHUHQFHVZHUHIRXQGEHWZHHQFRQGLWLRQVLQWHUPVRIDJHHGXFDWLRQVH[DQGIDPLOLDULW\
ZLWKURERWVLQJHQHUDO

0DQLSXODWLRQ
(PRWLRQDO VWDWH DQG FRSLQJ SRWHQWLDO ZHUH PDQLSXODWHG XVLQJ D VFHQDULR PHWKRG 7KH
VFHQDULRV IRU HPRWLRQDO VWDWH ZHUH VLPLODU WR WKRVH XVHG E\ *UHHQ DQG 6HGLNLGHV  
Participants in the sad condition imagined being present at their best friend’s funeral,
whereas participants in the angry condition imagined a fellow student in their group
freeriding and subsequently blaming the participant for freeriding, resulting in a lower
grade for the participant (see Appendix 1 for complete scenarios).
To manipulate coping potential, an extra paragraph was added to the emotional
scenario. Based on the idea that coping potential is high when the situation is
changeable/controllable (Lazarus, 1999), we added a paragraph that (fictitiously) either
enabled the participant to change something about the imagined scenario or a paragraph
showing the participant’s inability to change or control the situation (cf. Harmon-Jones et
al., 2003). For the sad condition, low coping potential was manipulated by adding that the
friend’s death was very sudden and tragic, whereas high coping potential was manipulated
by adding that the friend had been sick and suffering for a long time and that dying was
probably a relief for him/her. In the angry condition, we added either that the teacher had
finalized the grades already and nothing else could be done about the situation (i.e., low
coping potential) or that the teacher did not finalize the grades yet and the participant found
a phone number to contact the teacher to talk about it (i.e., high coping potential).
These four scenarios were pre-tested among 62 university students (different from
the participants in the actual study) to check whether the scenarios induced the intended
emotional states and levels of coping potential. Results showed that participants indeed
experienced the intended emotional states and different levels of coping potential (see
Appendix 2 for an overview of pre-test results).
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3URFHGXUH
University students from various disciplines were recruited on campus to participate in a
study about imagining and dealing with emotional situations. They were not informed about
the role of the robot in the study. Upon entering the lab, participants were seated behind a
computer and asked to read and follow on-screen instructions closely (see Figure 2, left
image). Participants were then instructed to imagine as vividly as possible their assigned
emotional scenario as if the situation really happened to them. After reading the emotional
scenario, participants were asked to ruminate and describe their feelings about the situation
(cf. Green & Sedikides, 1999), and to report the intensity of their anger and sadness. Next,
participants were presented with one of the coping potential manipulation paragraphs (i.e.,
low vs. high coping potential), followed by measures to assess their appraisals and the
coping strategies that participants would use to deal with the emotional situation they had
just imagined.
At this point, participants were instructed to go to another desk, separated from the
first desk by divider screens (see Figure 2, right image). On this desk, a humanoid Naorobot Zora was awaiting the participant and opened the conversation. Zora is a Nao robot
created by Aldebaran combined with the user-friendly software developed by QBMT. Up
until this moment, participants were unaware that they would interact with a physically
present robot. The robot started talking to the participant via a Wizard-of-Oz protocol. In a
Wizard-of-Oz protocol, the robot is controlled from a distance by a researcher instead of
functioning autonomously (Dix, Finlay, Abowd, & Beale, 2004). The conversation with
Nao/Zora about the participant’s health and wellbeing was pre-scripted and was based on
the Manchester Short Assessment of Quality of Life questionnaire (Priebe, Huxley, Knight,
& Evans, 1999). Thus, the robot acted as if it were a doctor’s assistant preparing a
diagnosis. Participants’ answers to the robot’s questions were only used by the
experimenter to inform the robot’s next question and to provide answers (i.e., they were not
part of data collection).
After talking to the robot, participants were instructed to return to the first desk to
evaluate the interaction and answer questions about their perceptions of robot Nao/Zora.
Participants were then given the opportunity to provide feedback on Nao/Zora and
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KHDOWKFDUH URERWV LQ JHQHUDO IROORZHG E\ PHDVXUHPHQWV RI GHPRJUDSKLFV DQG IDPLOLDULW\
ZLWKURERWV)LQDOO\SDUWLFLSDQWVZHUHGHEULHIHGDQGWKDQNHGIRUWKHLUSDUWLFLSDWLRQ
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)LJXUH([SHULPHQWDOVHWXSDSDUWLFLSDQW EOXUUHG ILOOLQJRXWWKHTXHVWLRQQDLUHDWGHVN OHIWLPDJH DQGGHVN
on the other side of the divider screens for the participant’s conversation with robot Nao/Zora (ULJKWLPDJH 

0HDVXUHV
0DQLSXODWLRQFKHFNRILQGXFHGHPRWLRQV,QWHQVLW\RIDQJHUDQGVDGQHVVH[SHULHQFHGDIWHU
LPDJLQLQJ WKH HPRWLRQDO VFHQDULR ZDV DVVHVVHG XVLQJ  LWHP IRU HDFK HPRWLRQDO VWDWH
3DUWLFLSDQWVZHUHDVNHGWRLQGLFDWHWKHH[WHQWWRZKLFKWKH\H[SHULHQFHGDQJHURUVDGQHVV
using a slider ranging from 0 (“not aWall”) to 100 (“very strongly”). 
Appraisals of coping potential and related appraisals. :HMXGJHGPRVWRIWKH
available scales in the literature inappropriate for our study’s purposes, either because they
ZHUH FRQIRXQGHG ZLWK WKH DVVHVVPHQW RI RWKHUV DSSUDLVDOV VXFK DV SRZHU DJHQF\ RU
FRQWURO FI (OOVZRUWK

 6FKHUHU   RU EHFDXVH WKH\ ZHUH IRFXVHG VSHFLILFDOO\ RQ

HPRWLRQIRFXVHG RU SUREOHPIRFXVHG FRSLQJ SRWHQWLDO ZKHUHDV ZH DLPHG IRU D PRUH
JHQHUDO PHDVXUH RI FRSLQJ SRWHQWLDO 7KHUHIRUH ZH FUHDWHG D LWHP VFDOH WR DVVHVV WKH
JHQHUDO DSSUDLVDO RI FRSLQJ SRWHQWLDO e.g., “I thLQN LW ZLOO EH WRXJK WR GHDO ZLWK WKLV
situation”). Answers were given on 5-point rating scales (5 = fully agree). After recoding
two negatively worded items, the 5 items together formed a reliable scale (Cronbach’s Į =
.88).
Closely related to the appraisal of coping potential are DSSUDLVDOV RI DJHQF\ and
FRQWURO (Smith & Ellsworth, 1985). The appraisal of agency covered other-agency (single
item; “something or someone else than me is responsible for this situation”), self-agency
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(single item; “I P\VHOIDPresponsible for this situation”), and situational agency (2 items
e.g., “the situation was caused by circumstances beyond human control”; 56SHDUPDQ%URZQ 
.86). The control appraisal was measured using 2 items (e.g., “I am convinced that I can
FKDQJH Whis situation”), which together formed a reliable scale (56SHDUPDQ%URZQ = .88). See
Appendix 3, Table 1 for an overview of all appraisal items and PCA results.
3HUFHSWLRQVDERXWURERW1DR=RUDPerceptions about the robot were assessed by
means of a framework for Interactively Perceiving and Experiencing Fictional Characters
(I-PEFiC; e.g., Van Vugt, Konijn, Hoorn, & Veldhuis, 2009). A total of 39 statements were
used to assess the 9 dimensions of the I-PEFiC framework. The degree of fit with the
participant’s perception of robot Nao/Zora was given per statement on 5-point rating scales
(1 = “does not fit at all”; 5 = “fits very well”). Statements were both positively and
negatively worded and the latter were recoded before analyses. We briefly describe the
scales below, a full overview of the scales and items used can be found in Appendix 3,
Table 2.
3HUFHLYHGHWKLFVRI 1DR=RUD was assessed by means of 4 statements. The items
formed a reliable scale (Cronbach’s Į = .71). 3HUFHLYHG DIIRUGDQFHV RI 1DR=RUD was
assessed using 7 items, four of which formed an optimal scale (Cronbach’s Į = .81).
3HUFHLYHG DHVWKHWLFV RI 1DR=RUD was measured with 4 items (Cronbach’s Į = .68).
3HUFHLYHGUHDOLVP was measured using 4 items (Cronbach’s Į = .66). 3HUFHLYHGUHOHYDQFH
RI WKH URERW was measured using 4 items (Cronbach’s Į = .65). 3HUFHLYHG YDOHQFH RI
1DR=RUD was assessed by means of 4 statements (Cronbach’s Į = .86). 3HUFHLYHG
LQYROYHPHQW ZLWK 1DR=RUD was assessed using 4 items (Cronbach’s Į = .84). 3HUFHLYHG
GLVWDQFHEHWZHHQWKHXVHUDQG1DR=RUD was measured using 4 statements (Cronbach’s Į =
.65). Finally, SHUFHLYHGXVHLQWHQWLRQVRIURERW1DR=RUD was assessed by means of 4 items
(Cronbach’s Į = .74).
&RSLQJ VWUDWHJLHV We used the 28 items of the Brief COPE (Carver, 1997) to
assess which coping strategies participants would use to cope with the situation they had
imagined. Participants indicated for each strategy the extent to which they would perform
that strategy on 5-point rating scales (1 = “I would certainly NOT do this”, to 5 = “I would

The reliability of two-items scales was assessed using Spearman-Brown’s coefficient, as it is more appropriate
than Cronbach’s alpha or Pearson’s coefficient for two-item scales (Eisinga, Te Grotenhuis, & Pelzer, 2012).

1
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GHILQLWHO\ GR WKLV”). Based on results from Principal Components Analyses (PCA) and
reliability analyses, we found that an 8-factor solution was most optimal (see Appendix 3,
Table 4 for an overview of items and subscales).
3UREOHPIRFXVHGFRSLQJ was assessed using 3 items (Cronbach’s Į = .81); 6XSSRUW
FRSLQJ consisted of 4 items (Cronbach’s Į = .80); (PRWLRQIRFXVHG FRSLQJ was also
assessed by means of 4 items (Cronbach’s Į = .82); +XPRU FRSLQJ consisted of 2 items
(5Spearman-Brown = .82); 'HQLDO FRSLQJwas also measured by means of 2 items (5Spearman-Brown
= .82); 6HOIGLVWUDFWLRQFRSLQJ was measured with 2 items (5Spearman-Brown = .71); 6XEVWDQFH
DE XVHFRSLQJ was assessed using 2 items (5Spearman-Brown = .96); 6SLULWXDOFRSLQJ, finally,

4

also consisted of 2 items (5Spearman-Brown = .85).

5HVXOWVDQGGLVFXVVLRQ
0DQLSXODWLRQFKHFNV
Manipulation checks for intensity of emotion were successful: Sad participants experienced
significantly more intense sadness (0= 64.45, 6' = 28.67) compared to angry participants
(0 = 29.86, 6' = 23.00) whereas the latter experienced significantly more anger (0 =
67.24, 6' = 18.00) than the first (0 = 17.31, 6' = 19.93; both S < .001, ȘS2 > .30). No
differences were found for the coping conditions or the interaction of emotion and coping
conditions (all QV) in terms of emotion intensity.
To check whether the manipulation of coping potential was successful, we
performed a MANOVA with manipulated coping potential as independent variable and the
appraisals (i.e., coping potential, agency, and control) as dependent variables. A significant
multivariate effect was found for manipulated coping potential, Wilk’s Ȝ = .71, )(5,86) =
6.87, S < .001, ȘS2 = .29. Univariate results confirmed significant effects for the appraisals
of coping potential, )(1,90) = 4.15, S = .045, ȘS2 = .04, situational agency,)(1,90) = 7.29, S
= .008, ȘS2 = .08, and other-agency, )(1,90) = 11.75, S = .001, ȘS2 = .12. No significant
effects were found for control and self-agency (both QV). As expected, the high coping
potential scenario was appraised as significantly easier to cope with (0 = 2.97, 6' = 1.01)
than the low coping potential scenario (0 = 2.56, 6' = .92). Thus, both the manipulation
of coping potential and emotional state were successful.
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7HVWLQJK\SRWKHVHV
We first looked at the role that the appraisal of coping potential played in the effect of
emotions on perceptions of a social robot (RQ1). We tested this using a two-step approach:
1) test for differences between conditions on the appraisal of coping potential, and 2) test
whether the appraisal of coping potential influenced the perceptions of the robot.
To test step 1, a MANOVA was performed with manipulated emotional state and
coping potential as independent variables and the appraisals as dependent variables. Results
showed significant multivariate effects for both main effects as well as the interaction of
emotional state and coping potential, all Wilk’s Ȝs  .76, )s(5,84)  5.29, Ss < .001, ȘS2s 
.24. Univariate results for the appraisal of coping potential showed that emotional state as
well as manipulated coping potential had significant effects: Participants in the anger and
high coping potential conditions appraised their potential to cope with the situation as larger
than participants in the sad and low coping potential conditions (both Ss < .01, ȘS2s > .10).
Similar effects were found for the appraisals of control and situational agency (see
Appendix 4 for a full overview of results).
In step 2, we tested whether the appraisals affected the perception of the robot
using regression analysis for each of the perception measures. We found that the appraisal
of other-agency had a significant positive effect on perceived relevance of the robot,
E(6(E) = .17(.05), ȕ = .34, S = .002, 95% CI [.06, .27], as well as marginally significant
positive effects on perceived ethics, E(6(E) = .10(.06), ȕ = .20, S = .087, 95% CI [-.01, .21],
and perceived involvement, E(6(E) = .11(.07), ȕ = .19, S = .094, 95% CI [-.019, .238].
Results also showed a marginally significant effect of self-agency the perceived realism of
the robot, E(6(E) = .15(.09), ȕ = .25, S = .098, 95% CI [-.03, .32]. Most importantly for
answering our research question, we found that the appraisal of coping potential did not
have an effect on any of the perceptions measures (all QV). Thus, we did find that the
manipulated emotions had an effect on the appraisal of coping potential, but it did not in
turn affect perceptions of the robot.
Next, we tested H2, which predicted that high coping potential would be related to
the use of more problem-focused coping strategies and low coping potential would be
related to the use of more emotion-focused coping strategies. To test this, we used a mixeddesign MANOVA with manipulated emotional state and coping potential as between
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VXEMHFWIDFWRUVDQGWKHFRSLQJVWUDWHJLHVDVZLWKLQVXEMHFWVIDFWRU:LWKLQVXEMHFWVHIIHFWV
ZHUH IRXQG IRU FRSLQJ VWUDWHJ\ )     S  ȘS   DQG WKH
LQWHUDFWLRQRIFRSLQJVWUDWHJ\DQGPDQLSXODWHGHPRWLRQDOVWDWH)   S
ȘS )RUWKHFRSLQJVWUDWHJLHVXVHGUHVXOWVIURPSDLUZLVHFRPSDULVRQVVKRZHG
WKDW HVSHFLDOO\ WKH VXSSRUW DQG SUREOHPIRFXVHG FRSLQJ VWUDWHJLHV ZHUH XVHG PRUH RIWHQ
WKDQ WKH RWKHU VWUDWHJLHV SV   ZKHUHDV WKH FRSLQJ VWUDWHJLHV RI GHQLDO KXPRU
VXEVWDQFH DE XVHDQGVSLULWXDOFRSLQJZHUHXVHGOHVVRIWHQWKDQWKHRWKHUVWUDWHJLHV SV
 
,QUHODWLRQWRWKHLQWHUDFWLRQ RIFRSLQJVWUDWHJ\DQGHPRWLRQDOVWDWH ZH IRXQGLQ
WKHSDLUZLVHFRPSDULVRQVWKDWWKHDQJU\DQGVDGSDUWLFLSDQWVGLIIHUHGVLJQLILFDQWO\LQWKHLU
XVH RI DOO FRSLQJ VWUDWHJLHV DOO SV   H[FHSW IRU WKH VXSSRUW FRSLQJ VWUDWHJ\ 7KLV ZDV
TXDOLILHG E\ D EHWZHHQVXEMHFW HIIHFW RI HPRWLRQDO VWDWH &RPSDUHG WR VDG SDUWLFLSDQWV
DQJU\SDUWLFLSDQWVXVHGVLJQLILFDQWO\PRUHSUREOHPIRFXVHGDQGKXPRURXVFRSLQJVWUDWHJLHV
DQG IHZHU HPRWLRQIRFXVHG GHQLDO GLVWUDFWLRQ VXEVWDQFH DE XVH DQG VSLULWXDO FRSLQJ
VWUDWHJLHV DOO SV    <HW WKH HIIHFW RI PDQLSXODWHG FRSLQJ SRWHQWLDO RQ WKH XVH RI
SUREOHPIRFXVHGDQGHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVDVSUHGLFWHGLQ+ZDVQRWIRXQG
)LQDOO\ZHWHVWHGZKHWKHUWKHXVHRIFHUWDLQFRSLQJVWUDWHJLHVUHODWHGWRWKHURERW
SHUFHSWLRQPHDVXUHVDVH[SHFWHGLQ+XVLQJDVHULHVRIUHJUHVVLRQDQDO\VHV RQHIRUHDFK
RIWKHSHUFHSWLRQPHDVXUHV 5HVXOWVRIWKHVHDQDO\VHVVKRZHGWKDWWKHXVHRIWKHSUREOHP
IRFXVHG FRSLQJ VWUDWHJ\ ZDV SRVLWLYHO\ UHODWHG WR LQWHQWLRQ WR XVH WKH URERW E 6(E  
 ), ȕ = .25, S &,>@PDUJLQDOO\VLJQLILFDQWDQGSRVLWLYHO\UHODWHG
WR HWKLFV E 6(E    ), ȕ = . S    &, > @  DQG PDUJLQDOO\
VLJQLILFDQWDQGQHJDWLYHO\UHODWHGWRGLVWDQFH E 6(E   ), ȕ = S = .069, 95% CI
[-.34, .01]). Apart from distraction coping being significantly and positively related to
perceived ethics of the robot (E(6(E) = .13(.07), ȕ = .22, S = .045, 95% CI [.003, .26]), none
of the other coping strategies were significantly related to any of the perception measures.
Thus, limited evidence was found for H3a, which predicted a positive relationship between
the use of problem-focused coping and perceptions of the robot, as this coping strategy was
found to be positively related to use intentions and ethics and negatively related to distance.
For H3b, which predicted negative relationships between the use of emotion-focused

2

Degrees of freedom were corrected using the Greenhouse-Geisser correction.
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FRSLQJ DQG URERW SHUFHSWLRQV ZH IRXQG QR VXSSRUW DV HPRWLRQIRFXVHG FRSLQJ ZDV QRW
UHODWHGWRDQ\RIWKHSHUFHSWLRQPHDVXUHV
%HFDXVH WKHVH ILQGLQJ DUH LQ FOHDU FRQWUDVW WR HDUOLHU ILQGLQJV 6SHNPDQ HW DO
D E  ZH UHIOHFWHG RQ RXU SURFHGXUH DQG UHDVRQHG WKDW SDUWLFLSDQWV PXVW KDYH
EHHQ VXUSULVHG E\ LQWHUDFWLQJ ZLWK D SK\VLFDOO\ SUHVHQW URERW 7KDW LV SDUWLFLSDQWV ZHUH
XQDZDUH WKDW WKH\ ZRXOG EH PHHWLQJ D URERW GXULQJ WKH VWXG\ 0RVW SDUWLFLSDQWV UHSRUWHG
WKDWWKH\KDGQHYHUWDONHGWRDURERWEHIRUHDQGSDUWLFLSDQWVZHUHFOHDUO\VXUSULVHGZKHQ
WKH\ ZHUH LQVWUXFWHG WR PRYH WR WKH VHFRQG GHVN ZKHUH 1DR=RUD ZDV ORFDWHG )XUWKHU
LQVSHFWLRQRIWKHUHVXOWVPDGHLWFOHDUWKDWWKHUHVXOWVIROORZRXUH[SHFWDWLRQVXSXQWLOWKH
SRLQWWKDWWKHSDUWLFLSDQWVPHWWKHURERW7KHVXUSULVHHYRNHGE\WKHURERWOLNHO\RYHUUXOHG
DQ\SUHFHGLQJHIIHFWVIURPRXUSURFHGXUH7KXVWKLVFDOOHGIRUDVHFRQGVWXG\LQZKLFKZH
DLPHGWRUXOHRXWWKLVQRYHOW\HIIHFW

6WXG\
3UHYLRXV VWXGLHV VKRZHG WKDW WKH DSSUDLVHG FRSLQJ SRWHQWLDO PHGLDWHG WKH UHODWLRQVKLS RI
H[SHULPHQWDOO\LQGXFHG HPRWLRQVRQparticipants’ perceptions of a robot (Spekman et al.,
2018a; 2018b). However, participants in those studies were not confronted with a real,
physically present robot. Rather, they saw robots in video clips or read about them in news
items. In contrast, in Study 1, reported above, the participants unexpectedly interacted with
a real-life robot and then assessed their perceptions of the robot. As discussed, most
participants indeed reported having been surprised about meeting the robot. This is an
important lesson for subsequent studies.
In Study 2, we aimed to avoid this novelty effect that interrupted the process under
study. Therefore, we deemed it important that participants would get acquainted with the
robot prior to the interaction relevant for the study goals. In brief, we repeated Study 1 as
closely as possible and only adjusted the procedure such that participants would already
meet the robot in advance.
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0HWKRGV
3DUWLFLSDQWVDQGGHVLJQ
A total of 110 university students (64.5% female 3, 0age = 21.77, 6'age = 4.84) were, like in
study 1, randomly assigned to one of the conditions in a 2 (induced emotion: sadness vs.
anger) x 2 (manipulated coping potential: low vs. high) between-subjects lab experiment.
They received either course credit or a gift certificate in return for their participation. No
differences were found between conditions in terms of age, education, and prior experience
with robots. We found that men and women were unevenly distributed across coping
potential conditions, in that men were overrepresented in the low coping potential condition
and underrepresented in the high coping potential condition. However, gender was found
not to have effects on any of the dependent measures, so it was not further considered.

)LJXUH Experimental setup: left side of the lab with Nao/Zora placed on a low table in front of the participant
when seated on the couch (OHIWLPDJH), and right side of the lab where the participant read the emotional scenario
and filled out the questionnaire (ULJKWLPDJH).

3URFHGXUH
The procedure in Study 2 was basically identical to Study 1, except for the invitation to
participate in a study to talk to a robot and that participants had a short introductory
conversation with the robot before starting the actual study. In this preparatory
conversation, the robot introduced itself and asked the participant about their familiarity

3

Thus, 34.5% male; one respondent chose not to answer the question about gender.
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with robots, prior knowledge and attitudes about robots. After this brief initial meeting,
which took approximately 3 minutes, the procedure was the same as in Study 1. This study
took place in a different lab, however, so the lab space looked a little different. Both
conversations with Nao/Zora took place on a couch (see Figure 3, left image), while the
emotion induction in between the two conversations with the robot took place at a desk a
few feet away in the same room (see Figure 3, right image). This is also where the
participant completed the questionnaire after the conversations.

0HDVXUHV
The measures in Study 2 were the same as in Study 1, except for some of the perception
measures. Therefore, we will only discuss those scales that are dissimilar to the scales in
Study 1. Because the reliability of some of the perception measures was a bit low in Study
1, we added extra items to several scales to obtain optimal scales. After item and scale
analysis, all scales were reduced to 4 items. (for a full overview of scales and items there
were used or not used in both studies, see Appendix 3, Tables 2 and 3).
3HUFHLYHGHWKLFVRI1DR=RUDwas assessed by means of 4 (out of 10) statements
that formed a reliable scale (Cronbach’s Į = .77). 3HUFHLYHGDIIRUGDQFHVRI1DR=RUD was
assessed using 4 items (out of 7) that formed an optimal scale (Cronbach’s Į = .77).
3HUFHLYHGDHVWKHWLFVRI 1DR=RUD was measured with 4 items (out of 8) that constituted a
sufficiently reliable scale (Cronbach’s Į = .67). 3HUFHLYHG UHDOLVP was measured using 4
items (out of 8) that formed a reliable scale together (Cronbach’s Į = .81). 3HUFHLYHG
GLVWDQFHEHWZHHQWKHXVHUDQG 1DR=RUD was measured using 4 (out of 8) statements that
together formed a reliable scale (Cronbach’s Į = .80). Finally, SHUFHLYHGXVHLQWHQWLRQVRI
URERW 1DR=RUD was assessed by means of 4 (out of 8) items that formed a reliable scale
together (Cronbach’s Į = .83). 

5HVXOWV
0DQLSXODWLRQFKHFNV
To test whether the emotional scenario’s induced the intended emotion, results of a
MANOVA showed that the intensity of emotions experienced differed significantly
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between the emotion conditions (Wilk’s Ȝ = .27, )   SȘS  1R
GLIIHUHQFHV ZHUH IRXQG LQ HPRWLRQ LQWHQVLW\ EHWZHHQ WKH FRSLQJ FRQGLWLRQV RU WKH
LQWHUDFWLRQ RI HPRWLRQ DQG FRSLQJ ERWK QV). As expected, angry participants experienced
anger significantly more intense (0 = 66.58, 6' = 23.16) than sad participants (0 = 15.44,
6' = 22.75), whereas sad participants experienced sadness more intensely (0 = 60.56, 6'
= 24.68) than the angry participants (0 = 27.93, 6' = 22.28, both S < .001, ȘS2 > .31).
Thus, the manipulation of emotion was successful.
Another MANOVA was performed to test whether coping potential was
successfully manipulated. Results showed a significant multivariate effect of manipulated
coping potential on appraised coping potential and related appraisals, Wilk’s Ȝ = .78,
2

)(5,104) = 5.74, S < .001, ȘS = .22. Inspection of univariate effects showed that this
multivariate effect was caused by differences between the two coping potential conditions
on the appraisals of coping potential, )(1,108) = 11.20, S < .01, ȘS2 = .09, and the appraisal
of situational agency, )(1,108) = 4.17, S = .04, ȘS2 = .04. No differences were found for the
appraisals of control, self-responsibility, and other-responsibility (all QV). As intended,
participants in the high coping potential scenario appraised the scenario as significantly
easier to cope with (0 = 3.23, 6' = .90) than participants in the low coping potential
scenario (0 = 2.66, 6' = .87). Thus, the manipulation of coping potential was also
successful.

7HVWLQJK\SRWKHVHV
To answer RQ1 about the relationship between the appraisal of coping potential and the
perceptions of a social robot, we used the same two-step approach as we did in Study 1: 1)
Check for differences between conditions in terms of appraised coping potential (using
MANOVA), and 2) check whether appraised coping potential influenced perception
measures (using a series of regression analyses).
In testing step 1, we found multivariate effects for both main effects as well as the
interaction effect of emotional state and coping potential (Wilk’s < .90, )’s >3, S’s <.02,
ȘS2 > .13). Univariate results showed that both manipulated emotional state as well as
manipulated coping potential significantly affected the appraisal of coping potential:
Participants that were angry appraised their situation as easier to cope with than sad
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SDUWLFLSDQWV DQG SDUWLFLSDQWV LQ WKH KLJK FRSLQJ SRWHQWLDO FRQGLWLRQ DOVR DSSUDLVHG WKHLU
VLWXDWLRQDVHDVLHUWRFRSHZLWKWKDQSDUWLFLSDQWVLQWKHORZFRSLQJSRWHQWLDOFRQGLWLRQ ERWK
S<.01, ȘS > .15; see Appendix 4 for a full overview of results from this analysis).
From the regressions in step 2, we found that only the appraisal of self-agency had
a significant negative effect on the perception of Nao/Zora’s valence, E(6(E) = -.17 (.09), ȕ
= -.24, S = .049, 95% CI [-.34, -.001]. None of the other appraisals had significant effects
on any of the perception measures, and neither did the appraisal of self-agency affect any of
the other perception measures except for perceived valence (all QV). Thus, we found a result
similar to that in Study 1, in that the appraisal of coping potential was not related to any of
the robot perception measures.
Next, we tested whether H2, which predicted that the conditions would differ in
terms of the coping strategies used. We used another mixed-design MANOVA with
manipulated emotional state and coping potential as between-subjects factors and the 8
coping strategies as within-subjects factor. Similar to Study 1, we again found withinsubjects effects for coping strategy4, )(5.596,593.227) = 140.43, S <.001, ȘS2 = .57, and the
interaction of coping strategy and manipulation emotional state4, )(5.596,593.227) = 22.78,
S <.001, ȘS2 = .18. For the within-subjects effect of coping strategy, pairwise comparisons
showed the same pattern5 as in Study 1. Pairwise comparisons for the interaction of coping
strategy emotional state showed that angry and sad participants differed in their use of all
coping strategies (Ss < .03) except for the support and spiritual coping strategies (both QV)6.
Finally, and most important for the hypothesis, we also found a significant
interaction of coping strategy and manipulated coping potential4, )(5.596,593.227) = 3.81,
S = .001, ȘS2 = .04. Pairwise comparisons showed that this within-subjects interaction of
coping strategies and manipulated coping potential was qualified by significant differences
between the high and low coping potential conditions for only two of the coping strategies.
In contrast to our hypothesis (H2), which predicted a relationship between high coping

4

Degrees of freedom were corrected using the Greenhouse-Geisser correction.
The support and problem-focused coping strategies were used more often than the other strategies (Ss < .01), and
the denial, humor, substance (ab)use, and spiritual coping strategies were used less often compared to the other
strategies (Ss < .001).
6
The interaction was qualified by a between-subjects effect for emotional state, suggesting that sad participants
used more emotion-focused, more denial, more distraction, and more substance (ab)use coping strategies, and less
humor and problem-focused coping strategies compared to their angry counterparts.
5
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SRWHQWLDO DQG SUREOHPIRFXVHG FRSLQJ DQG EHWZHHQ ORZ FRSLQJ SRWHQWLDO DQG HPRWLRQ
IRFXVHGFRSLQJZHIRXQGWKDWSDUWLFLSDQWVLQWKHKLJKFRSLQJSRWHQWLDOFRQGLWLRQ XVHGOHVV
GHQLDO DQG PRUH HPRWLRQIRFXVHG FRSLQJ VWUDWHJLHV FRPSDUHG WR SDUWLFLSDQWV LQ WKH ORZ
FRSLQJ SRWHQWLDO FRQGLWLRQV 7KXV UHVXOWV VKRZHG QR GLIIHUHQFH LQ WKH XVH RI SUREOHP
IRFXVHGFRSLQJVWUDWHJLHVDQGWKHRSSRVLWHHIIHFWWKDQK\SRWKHVL]HGIRUWKHXVHRIHPRWLRQ
IRFXVHGFRSLQJVWUDWHJLHV)XUWKHUPRUHWKHRYHUDOOEHWZHHQVXEMHFWVHIIHFWIRUPDQLSXODWHG
FRSLQJSRWHQWLDOZDVQRWVLJQLILFDQW7KXVZHDJDLQIRXQGQRVXSSRUWIRU+
)LQDOO\ ZH WHVWHG ZKHWKHU WKH HIIHFW RI FRSLQJ VWUDWHJLHV RQ SDUWLFLpants’
SHUFHSWLRQVRIURERW1DR=RUD FI+ XVLQJDVHULHVRIUHJUHVVLRQVDQDO\VHVIRUHDFKRIWKH
SHUFHSWLRQVPHDVXUHVZLWKWKHFRSLQJVWUDWHJLHVDVLQGHSHQGHQWYDULDEOHV5HVXOWVRIWKHVH
UHJUHVVLRQV VKRZHG WKDW GHQLDO ZDV SRVLWLYHO\ UHODWHG WR SHUFHSWions of the robot’s
DIIRUGDQFHV E 6(E) = .21(.08), ȕ = .25, S &,>@ WKDWVXEVWDQFH DE XVH
had a marginally significant negative effect on perceptions of the robot’s ethics (E 6(E  
.09(.05), ȕ = S &,>@ DQGWKDWGLVWUDFWLRQZDVQHJDWLYHO\UHODWHG
to the robot’s perceived relevance (E 6(E  .19(.08), ȕ = S &,>
@  ,Q DGGLWLRQ ZH DOVR IRXQG WKDW HPRWLRQIRFXVHG FRSLQJ KDG D VLJQLILFDQW SRVLWLYH
HIIHFW RQ SHUFHLYHG UHOHYDQFH RI WKH URERW E 6(E) = .18(.07), ȕ = .27, S    &,
[.03, .32]), a marginally significant positive effect on perceptions of the robot’s ethics
E 6(E) = .09(.05), ȕ = .21, S    &, > @  DQG D PDUJLQDOO\ VLJQLILFDQW
SRVLWLYHHIIHFWRQWKHSHUFHLYHGLQWHQWLRQWRXVHWKHURERW E 6(E) = .18(.10), ȕ = .21, S 
 &, > @  1R HIIHFWV RI SUREOHPIRFXVHG FRSLQJ ZHUH IRXQG DOO QV  7KHVH
UHVXOWV FRQWUDGLFW + LQ ZKLFK ZH H[SHFWHG WKDW SUREOHPIRFXVHG FRSLQJ ZRXOG EH
SRVLWLYHO\UHODWHGWRSHUFHSWLRQVDERXWWKHURERWDQGWKDWHPRWLRQIRFXVHGFRSLQJZRXOGEH
QHJDWLYHO\UHODWHGWRWKHVHVDPHSHUFHSWLRQV,QVWHDGUHVXOWVVKRZHGQRHIIHFWVRISUREOHP
IRFXVHG FRSLQJ RQ SHUFHSWLRQV RI WKH URERW DQG D SRVLWLYH UHODWLRQVKLS EHWZHHQ WKH
HPRWLRQfocused coping strategy and the robot’s relevance.

([SORUDWRU\DQDO\VHV
Finally, we tested for direct effects of the conditions on the perceptions participants had
about the robot. Results from a MANOVA with manipulated emotional state and
manipulated coping potential as independent variables showed that both main effects were
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QRW VLJQLILFDQW )V   SV !   +RZHYHU WKH PXOWLYDULDWH LQWHUDFWLRQ HIIHFW RI
manipulated emotional state and coping potential did turn out to be significant, Wilk’s =
)   S ȘS 
8QLYDULDWH UHVXOWV VKRZHG WKDW WKLV PXOWLYDULDWH LQWHUDFWLRQ HIIHFW ZDV FDXVHG E\
VLJQLILFDQWHIIHFWVRQSHUFHLYHGUHDOLVP)   S ȘS DQGSHUFHLYHG
LQWHQWLRQV WR XVH WKH URERW )     S   ȘS  DV ZHOO DV D PDUJLQDOO\
VLJQLILFDQWHIIHFWRQSHUFHLYHGDIIRUGDQFHV)   S ȘS 'HVFULSWLYH
VWDWLVWLFV VKRZHG WKDW DPRQJ WKH VDG SDUWLFLSDQWV WKH RQHV LQ WKH KLJK FRSLQJ SRWHQWLDO
FRQGLWLRQ SHUFHLYHG WKH URERW WR KDYH PRUH SRVLWLYH DIIRUGDQFHV 0   6'   
SHUFHLYHGLWWREHPRUHUHDOLVWLF 0 6'  DQGKDGKLJKHULQWHQWLRQVWRXVHLW 0
  6'    FRPSDUHG WR WKH VDG SDUWLFLSDQWV LQ WKH ORZ FRSLQJ SRWHQWLDO FRQGLWLRQ
UHVSHFWLYHO\ 0   6'   0   6'   0   6'    )RU DQJU\
SDUWLFLSDQWV ZH IRXQG WKH RSSRVLWH WR EH WUXH 3DUWLFLSDQWV LQ WKH ORZ FRSLQJ SRWHQWLDO
FRQGLWLRQSHUFHLYHGPRUHDIIRUGDQFHV 0 6'  PRUHUHDOLVP 0 6' 
  DQG KDG KLJKHU LQWHQWLRQV WR XVH WKH URERW 0   6'    FRPSDUHG WR
SDUWLFLSDQWVLQWKHKLJKFRSLQJSRWHQWLDOFRQGLWLRQ 0 6' 0 6' 
0 6'  7KHVHLQWHUDFWLRQHIIHFWVDUHYLVXDOL]HGLQ)LJXUHEHORZ
ϰ

ϯ͕ϱ
ϯ

ĂĨĨŽƌĚĂŶĐĞƐ
Ϯ͕ϱ

ƌĞĂůŝƐŵ
ƵƐĞŝŶƚĞŶƚŝŽŶƐ

Ϯ
ϭ͕ϱ
ŚŝŐŚĐŽƉŝŶŐ
ƉŽƚĞŶƚŝĂů
ƐĂĚ

ůŽǁĐŽƉŝŶŐ
ƉŽƚĞŶƚŝĂů
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ĂŶŐƌǇ

)LJXUH Interaction effects of manipulated emotional state and coping potential on participants’ perceptions of
the robot’s affordances, realism, aQGLQWHQWLRQVWRXVHWKHURERW
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'LVFXVVLRQ
7KHFXUUHQWSDSHUDLPHGWRVWXG\WKHUROHRIHPRWLRQ DQGHPRWLRQDOFRSLQJLQLQIOXHQFLQJ
people’s perceptions of social robots. Most prior research focused either on emotions after
DQLQWHUDFWLRQZLWKDURERWRUDVVHVVHGSHUFHSWLRQVRIWKHURERWZLWKRXWSDUWLFLSDQWVKDYLQJ
DFWXDOO\ LQWHUDFWHG ZLWK WKH URERW ,Q WKH FXUUHQW VWXGLHV ZH ZDQWHG WR VHH KRZ SULRU
LQFLGHQWDO  HPRWLRQV DQG UHODWHG DSSUDLVDOV DQG FRSLQJ DIIHFWHG SHUFHSWLRQV WKDW
SDUWLFLSDQWVIRUPHGDIWHUKDYLQJLQWHUDFWHGZLWKURERW1DR=RUD
,QWKHILUVWVWXG\ZHGLGQRWILQGWKHUHVXOWVWKDWZHUHH[SHFWHGEDVHGRQSUHYLRXV
UHVHDUFK RQ WKH LQIOXHQFH RI SULRU HPRWLRQV RQ SHUFHSWLRQV RI URERWV :H GLG ILQG WKH
H[SHFWHG GLIIHUHQFHV EHWZHHQ HPRWLRQDO VWDWH DQG FRSLQJ SRWHQWLDO FRQGLWLRQV LQ WHUPV RI
WKHDSSUDLVDOVDQGFRSLQJVWUDWHJLHVDVVRFLDWHGWRHDFKRIWKHFRQGLWLRQV\HWZHGLGQRWILQG
WKH H[SHFWHG LQIOXHQFH RI WKH DSSUDLVDOV RU FRSLQJ VWUDWHJLHV RQ SHUFHSWLRQV RI WKH URERW
Based on participants’ reactions after participation in Study 1, we reasoned that surprise
DERXWPHHWLQJDURERWGXULQJWKHVWXG\PD\KDYHRYHUUXOHGWKHLQIOXHQFHWKDWDSSUDLVDOVDQG
FRSLQJVWUDWHJLHVPD\KDYHKDGRQSHUFHSWLRQVRIWKHURERW,Q6WXG\ZHKRSHGWRUXOH
RXWVXUSULVHDVDFDXVH IRUQRW EHLQJWRUHSOLFDWHWKHVHHDUOLHUUHVXOWV+RZHYHUUHVXOWV RI
WKLVVHFRQGVWXG\DOVRGLGQRWSURYLGHVXSSRUWIRURXUK\SRWKHVHV(YHQWKRXJKZHGLGILQG
WKDWRXUPDQLSXODWLRQV ZHUHHIIHFWLYHLQDFKLHYLQJGLIIHUHQWHPRWLRQDOVWDWHVDQGGLIIHUHQW
OHYHOV RI FRSLQJ SRWHQWLDO DQG WKHVH DSSHDUHG WR KDYH DQ LQIOXHQFH RQ participants’
DSSUDLVDOVDQGFRSLQJVWUDWHJLHVUHVXOWVDJDLQGLGQRWVKRZWKDWWKHVHDSSUDLVDOVRUFRSLQJ
VWUDWHJLHVDIIHFWHGWKHSHUFHSWLRQVRIWKHURERWLQWKHSUHGLFWHGZD\
7KHVH UHVXOWV FRQWUDVW HDUOLHU VWXGLHV 6SHNPDQ HW DO D E  ZKLFK
DSSHDUHGWRILQGWKDWWKHDSSUDLVDORIFRSLQJSRWHQWLDOPHGLDWHGWKHHIIHFWRIHPRWLRQDOVWDWH
RQ SHUFHSWLRQV RI D VRFLDO URERW 7KRVH SULRU VWXGLHV GLIIHU – DPRQJ RWKHUV – IURP WKH
FXUUHQWVWXGLHVLQWKHZD\HPRWLRQDOVWDWHZDVLQGXFHG,QERWKHDUOLHUVWXGLHV 6SHNPDQHW
DO D E  D UHFDOO SURFHGXUH ZDV XVHG WR LQGXFH HPRWLRQV ZKLOH WKH FXUUHQW
VWXGLHV XVHG D VFHQDULR PHWKRG WR LQGXFH HPRWLRQ :KLOH WKH VFHQDULRV ZHUH H[WHQVLYHO\
SUHWHVWHGWRFKHFNZKHWKHUWKH\VXFFHVVIXOO\LQGXFHGWKHGHVLUHGHPRWLRQRQHFRXOGDUJXH
WKDW WKHUH DUH FUXFLDO GLIIHUHQFHV EHWZHHQ WKH WZR HPRWLRQ LQGXFWLRQ PHWKRGV 7KH UHFDOO
SURFHGXUH DVNV SDUWLFLSDQWV WR UHFDOO D VLWXDWLRQ LQ ZKLFK WKH\ H[SHULHQFHG D FHUWDLQ
HPRWLRQZKLFKHQVXUHVWKDWSDUWLFLSDQWVH[SHULHQFHDSHUVRQDOO\UHOHYDQWHPRWLRQZKHUHDV
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the scenario method may be less personally relevant for the participants, especially if
participants are having trouble imagining the particular scenario. Even though the recall
procedure is often used in emotion research and ensures personal relevance of the recalled
emotion, it has the disadvantage that the emotional state in question may be resolved by the
time the situation is recalled (cf. goal-attainment, Lerner & Keltner, 2000). If this is the
case, then there is a big chance that the appraisals or coping strategies reported about the
emotional situation have been influenced or changed (i.e., one possible coping strategy is
cognitive reappraisal; Gross & John, 2003). Perhaps the difference between the two ways to
induce emotional state may have caused the findings in the current studies to differ from
those in Spekman and colleagues (2018a; 2018b).
As already noted in the introduction, there is another difference between the
current studies and earlier studies: The participants in the current studies had an actual
interaction with robot Nao/Zora while this was not the case in those earlier studies. In the
study by Spekman and colleagues (2018b), participants’ perceptions were assessed based
on their reading of a newspaper article about a robot, and in Spekman and colleagues
(2018a), participants had a ‘virtual’ interaction with a robot via on-screen videos. In the two
studies reported in the current paper, participants talked to robot Nao/Zora which was
physically present, standing in front of the participants. It is likely that the physical
presence of the robot and experience with the robot may have influenced results, as has
been shown to be the case in previous research comparing physical robots to virtual, onscreen versions thereof (e.g., Hoffmann & Krämer, 2013; Jung & Lee, 2004; Powers,
Kiesler, Fussell, & Torrey, 2007). In those studies, the physically present robot led to more
experienced social presence (Jung & Lee, 2004; Powers et al., 2007), more time spent on
the interaction (Powers et al., 2007), and more favorable attitudes/evaluations (Jung & Lee,
2004; Powers et al., 2007) than the virtual on-screen version of the robot. However, none of
the robots used in those studies were humanoid robots, which may be the reason why our
the current studies’ findings do not align with findings from these previous studies.
Furthermore, the tasks that participants had to perform in those studies were clearly
different from the task in our studies. In our own studies, the task was not so much
presented as a task, but rather as a general conversation. This is in clear contrast to the
problem-solving and persuasive tasks in earlier studies. As Hoffman and Krämer (2013)
showed in their study, the nature of the task can influence people’s preference for a robot or
120
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a virtual, on-screen agent (i.e., the virtual agent was preferred for persuasive purposes,
whereas the physical robot was preferred for problem-solving tasks). Thus, perhaps the
physical presence of the robot in our studies may have resulted in a different process
compared to the earlier studies by Spekman and colleagues (2018a; 2018b). Additionally,
experience with technology has been found to be a strong moderator of use intentions and
actual use of that technology (Venkatesh, Thong, & Xu, 2012). It is thus likely that the
physical presence of the robot and actual experience affect the way we perceive robots, and
consequently may overrule any emotional effects. More research is needed to say more
about the relative contribution of different factors (such as prior emotions and technology

4

experience) in influencing perceptions of social robots in healthcare contexts.
Even though we did not find that appraisals and coping strategies affected the
perceptions of the robot as expected, additional analyses did appear to suggest that the
interaction of emotional state and coping potential affected some of the perceptions of the
robot. This was in contrast to expectations based on the appraisal-tendency approach
(Lerner & Keltner, 2000; 2001), which suggested that emotional state may affect future
situations via the transfer of emotional appraisals from one situation to another. However,
at the same time, this interaction effect of emotion and coping seems to be in line with the
approach to coping as suggested by Lazarus (2006). Lazarus (2006) distinguishes two
different appraisals for every emotional situation: a primary appraisal (is this situation
important and relevant to me?) and a secondary appraisal (what can I do to cope with this
situation?). Both these appraisal processes are important in determining how people feel
about a situation as well as what actions people undertake to cope with that situation. The
results of the current study’s additional, exploratory analyses seem to align with this
approach by showing that emotional state (i.e., primary appraisal) RQO\ affects perceptions
of the social robot’s affordances and use intentions in combination with coping potential
(i.e., secondary appraisal) – yet only does so for a limited number of perceptions. This
seems to suggest that differences between emotional states on the perceptions of a social
robot are contingent upon whether the emotional state is (relatively) easy or hard to cope
with.
A point of concern with regard to our studies was the fact that the second study
reported here included a relatively high number of male participants compared to Study 1
(25.7% in Study 1 vs. 34.5% in Study 2). Additionally, the general familiarity with robots
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LQWKHPHGLDDVUHSRUWHGE\WKHSDUWLFLSDQWVWKHPVHOYHVZDVDOVRKLJKHULQ6WXG\WKDQLQ
6WXG\ 0 6' LQ6WXG\YV 0 6' LQ6WXG\ 7KLVPD\
have been due to the fact that the second study was advertised as “talking to a robot”, as
FRPSDUHGto the first study which was advertised as “DVWXG\DERXWLPDJLQLQJDQGGHDOLQJ
ZLWK emotional situations” ZKLFK PD\ KDYH DWWUDFWHG D VRPHZKDW GLIIHUHQW DXGLHQFH WR
SDUWLFLSDWHLQERWKVWXGLHVDQGSRVVLEO\OHDGLQJWRGLIIHUHQWH[SHFWDWLRQVDERXWWKHURERWWR
begin with. These expectations about the robot and it’s capabilities may also have
interrupted the effects that emotional appraisals or coping may have had on perceptions of
the robot, for instance, because the robot did not meet expectations.
The conversation that participants had with robot Nao/Zora were based on the
Manchester Short Assessment of Quality of Life questionnaire (MANSA; Priebe et al.,
1999). To keep as close to the MANSA questionnaire as possible, the interaction was
designed such that it did not allow for deviation from the pre-programmed Likert-type
questions. This sometimes led to situations in which participants felt the conversation was
unnatural, especially when participants asked questions in return which Nao/Zora did not
reply to, or when Nao/Zora interrupted the participants. Yet, the focus of the current study
was not on this interaction, but rather on seeing how perceptions of the robot would be
influenced by participants’ prior emotions. Nevertheless, the ‘unnatural’ feel of the
conversation may have also affected participants’ perceptions of the robot, and perhaps
interrupted the expected effects of the induced emotions and coping potential.
Related to this is the fact that the nature of the conversation with the robot was
inherently artificial due to the research context. Participants were induced with an emotion
(the success of which is contingent upon their willingness to engage in the scenario, to
begin with), and then could only briefly interact with the robot. In actual healthcare
situations, the emotions that patients experience are likely to be much more intense and
longer lasting than the ones we induced in our lab, and it is likely that the emotions that we
induced faded away fairly quickly, making it difficult to predict what would actually
happen in a healthcare situation with more intense and longer lasting emotions, and where
people have more opportunity to interact with a robot.
In all, even though it may seem obvious that one’s current emotional state would
affect how one interacts with a robot, the current studies did not find support for this idea.
Interestingly, earlier studies in which the robot was QRW physically present did appear to
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OHQG VXSSRUW IRU WKDW FRPPRQ VHQVH H[SHFWDWLRQ DOEHLW YLD HPRWLRQDO DSSUDLVDOV  VR LW
DSSHDUHG WKDW WKH SK\VLFDO SUHVHQFH RI WKH URERW PDNHV D ELJ GLIIHUHQFH ,W WKXV VHHPV DV
WKRXJK HQFRXQWHULQJ D SK\VLFDOO\ SUHVHQW VRFLDO URERW DSSHDUHG WR HQJDJH DQ HQWLUHO\
GLIIHUHQWSURFHVVLQZKLFKSULRUHPRWLRQVSOD\DGLIIHUHQWUROH(YHQWKRXJKPRUHUHVHDUFK
LV QHHG HVSHFLDOO\ LQ WKH ILHOG  WKH UHVXOWV DSSHDU WR VXJJHVW WKDW WKH PHUH SUHVHQFH RI D
URERWPD\PDNHXVIRUJHW–DWOHDVWWHPSRUDULO\–DERXWRXUHPRWLRQDOSUREOHPV
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Appendix 1: Scenarios
Sad condition
1RWH SDUWLFLSDQWV were asked first “Is your best friend male or female?”, to tailor the
VFHQDULR 
7RGD\ LV JRQQD EH D KDUG GD\ 6D\LQJ JRRGE\H WR \RXU EHVW IULHQG ,W IHOW OLNH D PDVVLYH
EORZWRWKHKHDGZKHQKLVKHUSDUHQWVFDOOHG\RXWRWHOO\RXVKHSDVVHGDZD\7KHILUVWGD\
\RXZHUHYHU\XSVHWDQG\RXVSHQWWKHHQWLUHGD\FU\LQJLQEHG<RXZLOOPLVVKLPKHUDQG
his/her support immensely…
'XULQJWKHIDUHZHOOVHUYLFH\RXlook outside. It starts to rain. As if today wasn’t
VDGHQRXJK \HW <RX ORRNDURXnd you and see your best friend’s parents. They’re crying.
<RXUH\HVDUHEXUQLQJ7KHKDOOLVSDFNHGZLWKIDPLO\IULHQGVDQGIHOORZVWXGHQWV 6RPH
people even have to stand up during the service because there aren’t even enough chairs.
Your throat hurts. All these people are going to miss him/her so much, just like you… You
feel a lump in your throat, and swallow your tears.
Your friend’s mother tells a touching story about how funny s/he was as a kid, and
how heavy the last period had been to her and her husband. They had asked you to speak
too, but you were certain that you would have to cry if you did. And what is there to say
anyway? That s/he was so incredibly nice, sweet, and funny? That you will miss him/her so
much? It only makes the grief worse…
When you look around, you see that many of the speakers and other people present
also have trouble to keep their eyes dry during the speeches. You feel tears filling up your
eyes again and try to swallow them away.
After the service, the family walks outside with the coffin. You, and the rest of the
people present follow in a procession to the spot where s/he will be buried. Once at the
burial site, they hand out flowers. White roses, his/her favorite. Together with friends, you
put your roses on the coffin, after which the casket is lower into the grave. You feel cold
sweat on your back. The other people also put their roses on the coffin, and slowly people
are leaving the cemetery.
You look into the grave. How cold it has to be down there… A shock goes through
your body. Your body trembles. You will never see him/her again. You let your tears flow
freely…

Easy-to-cope-with (sad condition)
Your friend’s passing didn’t come as a total surprise. S/he was battling cancer for years,
and unfortunately s/he lost the battle a few days ago. You knew it was coming. It was
already clear as day when s/he was diagnosed that it would be just a matter of time.
You know that s/he was in a lot of pain, and that s/he suffered tremendously in the
last few weeks. Now his/her suffering has ended, and you think this might be for the best.
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+DUGWRFRSHZLWK VDGFRQGLWLRQ 
Your friend’s passing came as a complete surprise. Last weekend, the two of yRXDQGVRPH
RWKHUIULHQGVZHQWRXWDQGWKHQH[WGD\\RXJRWDSKRQHFDOOIURPKLVKHUSDUHQWV6KHZDV
LQYROYHGLQDQDFFLGHQWRQWKHZD\WRXQLYHUVLW\6KHdied instantly…
A guy/girl in the prime of his life, all of sudden s/he was gone. Incredible! Life is
so unfair!!!

Anger condition
The last few weeks, you worked really hard on an important course assignment, together
with a fellow student. Although… ‘together’ is somewhat exaggerated… Basically, you did
all of the work by yourself, while your fellow student came up with one poor excuse after
another.
Immediately when the teacher announced the groups, you heard that he is
notorious for freeriding. You wanted to give him the benefit of the doubt, so you
immediately sent him an e-mail to ask when he had time to work on the first part of the
assignment together. His reply was filled with excuses. He said he had to work all week
when we didn’t have classes, so he really couldn’t find the time this week to work on the
assignment together. He suggested you could do the first part this week, and he would make
up for that next week.
But of course, that didn’t happen in the following week. Nor in the week
thereafter. Every single time he had some kind of excuses, and after a lot of drama you did
all of the assignments yourself. Fool. You are so done with that guy and don’t want to
waste any more energy on him. You seriously doubted whether you would put his name on
the assignments, and now you regret doing it anyway. You seriously hate yourself for doing
this… Fool, fool!
Then you get an e-mail from your teacher that you’re the guy your worked
together with – yeah right, ‘together’ – does not agree with the grade you two got (a C)
because he claims that KH did most of the work! And so he feels he is entitled to a higher
grade than you! Are you kidding me?!
The teacher suggests, based on his story, that he will get a B, and you will get a D.
Aaaargh! Really?! Where does he get the nerves? Your heart pounds and you clench your
fists. It’s a good thing that guy isn’t here right now, because you would’ve probably
seriously injured him. And why does that teacher just assume that his story is true without
even hearing your side of the story?! You throw the pens on your desk them across the
room and tear that stupid assignment to pieces and throw the pieces across the room as
well. Did they go mad?!



4

Chapter 4





(DV\WRFRSHZLWK DQJHUFRQGLWLRQ 
+RZLVLWSRVVLEOHWKDWWKDWWHacher just believes that idiot’s story no questions asked, while
the teacher didn’t even ask for your side of the story? Luckily, the grades aren’t final yet…
At the bottom of the teacher’s ePDLO\RXVHHDSKRQHQXPEHU–JRRG7KDWJLYHV
\RXWKHRSSRUWXQLW\WRDWOHDVWWHOO\RXUVLGHRIWKHVWRU\

+DUGWRFRSHZLWK DQJHUFRQGLWLRQ 
+RZLVLWSRVVLEOHWKDWWKDWWHacher just believes that idiot’s story no questions asked, while
the teacher didn’t even ask for your side of the story? And to make matters worse, it turns
out that the teacher has already finalized the grades. Now it’s obviously impossible to do
something about it…
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Appendix 2: pre-test results
,Q WKH SUHWHVW ZH FKHFNHG ZKHWKHU WKH HPRWLRQDO VFHQDULRV LQGHHG LQGXFHG WKH LQWHQGHG
HPRWLRQDQGFRSLQJSRWHQWLDODPRQJXQLYHUVLW\VWXGHQWV
7RDVVHVVHPRWLRQZHXVHGLWHPVWRFKHFNZKHWKHUUHVSRQGHQWVIHOWDQJU\DIWHU
reading the story (Cronbach’s Į = .95), 3 items to check whether respondeQWVIHOWVDGDIWHU
reading the story (Cronbach’s Į = .88), and 9 filler items representing different emotions
WKDQ DQJHU DQG VDGQHVV )XUWKHUPRUH LQWHQVLW\ RI H[SHULHQFHG DQJHU DQG VDGQHVV ZDV
measured using a slider (0 = “not angry/sad at all” to 100 = “very angry/sad”).
To test whether the two emotional scenarios induced different emotions, a
MANOVA was performed with emotional condition as independent variable, and the
anger-scale, the sadness-scale, and the filler items as dependent variables. Multivariate
effects showed a significant effect, Wilk’s Ȝ = .38, )(11,50) = 7.29, S < .001, ȘS2 = .62.
Univariate effects showed a significant difference between the two conditions in terms of
anger, )(1,60) = 25.86, p <.001, ȘS2 = .30, and a marginally significant difference in terms
of sadness )(1,60) = 3.63, S =.06, ȘS2 = .06. Participants that had read the anger-scenario
were thus more angry (0 = 3.05, 6' = 1.13) and less sad (0 = 2.24, 6' = .87) than
participants that had read the sadness-scenario (0 = 1.71, 6' = .93 and 0 = 2.70, 6' =
1.04 respectively). Furthermore, we also found significant yet small differences on filler
items ‘cheerful’ ()(1,60) = 7.37, S = .01, ȘS2 = .11) and ‘tense’ ()(1,60) = 4.66, S = .04, ȘS2
= .07; ); participants in the anger condition scored somewhat higher on both items than
participants in the sadness condition.
Next, we also performed a MANOVA with emotional condition as independent
and anger and sadness intensity scores as dependent variables. Multivariate tests showed a
significant difference; Wilk’s Ȝ = .49, )(2,59) = 30.61,S< .001, ȘS2 = .51. Univariate tests
confirmed that, as expected, angry participants scored higher (0 = 61.65, 6' = 23.78) on
the anger-intensity scale than sad participants (0 = 28.84, 6' = 25.68), )(1,60) = 27.24,S
< .001, ȘS2 = .31. Furthermore, sad participants also were found to score higher on the
sadness-intensity scale (0 = 50.19, 6' = 25.40) compared to angry participants (0 = 31.32,
6' = 20.96), )(1,60) = 10.18,S= .002, ȘS2 = .15.
In order to assess coping potential among the respondents, we used 5 items from
Spekman et al. (2018a) to assess the appraisal of coping potential (e.g., “I trust that I can
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handle this situation”), which together formed a reliable scale (Cronbach’s Į = .87). We
DOVR DVVHVVHG WKH FORVHO\ UHODWHG DSSUDLVDOV RI FRQWURO  LWHPV 56SHDUPDQ%URZQ   
VLWXDWLRQDODJHQF\ LWHPV56SHDUPDQ%URZQ = .83), other-agency (single item) and self-agency
(single item; all items from Spekman et al., 2018a).
To test whether the emotional scenarios differed in terms of coping potential, we
performed a MANOVA with coping potential as independent variable and the appraisals as
dependent variables. Even though multivariate tests showed no significant results (Wilk’s Ȝ
= .88, )(5,56) = 1.52, S = .20, ȘS2 = .12), we did find a significant yet small univariate
effect for coping potential, )(1,60) = 5.10, S = .03, ȘS2 = .08. Participants that had read the
easy-to-cope-with paragraph appraised their situation as somewhat easier to cope with (0 =
3.18, 6' = 1.04) compared to participants that had read the hard-to-cope-with paragraph (0
= 2.62, 6' = .91). Results showed that these coping potential paragraphs did not affect the
other appraisals.
To conclude, we found that the emotional scenarios induced the intended
emotions, and that the additional paragraph intended to induce coping potential also did just
that while not affecting the appraisals of control or agency. Thus, we considered the
manipulation successful.



PCA scores based on the pattern matrix
b
Scores <.30 are suppressed
c
Item was reverse-coded

a

Table 1. Overview of emotional appraisal items and their PCA scores (using oblique rotation) in study 1a,b
Item
Factor 1
Factor 2
(coping potential)
(self-agency/control)
.904
I trust that I can handle this situation
.795
I know how I can best deal with this situation
.782
I think it will be though to deal with this situation c
.767
It is unclear to me how I should handle this situationc
.740
I think I can easily cope with this situation
.922
7KHVLWXDWLRQLVDVLWLVGXHWRFLUFXPVWDQFHVEH\RQGDQ\RQH¶VFRQWURO
.848
The situation was caused by circumstances beyond human control
-.768
I myself am responsible for this situation
.379
-.681
I am convinced that I can change this situation
.332
-.632
I feel that I can influence this situation
Something or someone else than me is responsible for this situation
.926

-.307

Factor 3
(other-agency)

Appendix 3: Overview of scales and items used in study 1 and 2
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.742

.836
.652

.683
.663
.653
.857

,IHHOWKDW1DR=RUD«looks pretty, is unattractive, is ugly, looks nice
,IHHOWKDW1DR=RUD«appears natural, looks fake, looks real, looks artificial
,IHHOWKDW1DR=RUDLV«important, useless, useful, worthless 
,«have positive expectations about Nao/Zora as a healthcare robot, am reluctant about Nao/Zora in healthcare, expect
to be disappointed by Nao/Zora as a healthcare robot, look forward to meet a healthcare robot such as Nao/Zora
,IHHO«good about Nao, involved with Nao/Zora, connected to Nao/Zora, it’s nice to talk to Nao/Zora
3HUFHLYHGLQYROYHPHQW
,IHHO«it’s annoying to talk to Nao/Zora, negative about Nao/Zora, that Nao/Zora is remote to me, there’s a distance
3HUFHLYHGGLVWDQFH
between Nao/Zora and me
, ZRXOG« want to use Nao/Zora more frequently, want to come across Nao/Zora in different places as well, dismiss
3HUFHLYHGXVHLQWHQWLRQV
Nao/Zora next time, ignore Nao/Zora next time
D
Item dropped from the scale based on results of PCA and reliability analysis.
b
All reported values are Cronbach’s alpha

3HUFHLYHGDHVWKHWLFV
3HUFHLYHGUHDOLVP
3HUFHLYHGUHOHYDQFH
3HUFHLYHGYDOHQFH

3HUFHLYHGHWKLFV
3HUFHLYHGDIIRUGDQFHV
.705
.806

5HOLDELOLW\E

,IHHOWKDW1DR=RUD« has good intentions, wants the best for me, is malevolent, is mean
,IHHOWKDW1DR=RUDLV«intelligent, capable, skillful, handy, dumba, clumsya, incompetenta

7DEOH2YHUYLHZRIWKHURERWSHUFHSWLRQPHDVXUHVDQGWKHLUUHOLDELOLWLHVLQVWXG\
6FDOH
,WHPVXVHGLQVFDOH



Chapter 4



,IHHOWKDW1DR/Zora« has good intentionsa, wants the best for mea, is malevolent, is mean, is trustworthya, is dangerous,
has questionable intentionsa, is insincerea, is evil, is reliablea
,IHHOWKDW1DR=RUDLV«intelligent, capable, skillful, handy, dumba, clumsya, incompetenta



3HUFHLYHGDHVWKHWLFV

,IHHOWKDW1DR=RUD«looks pretty, is unattractive, is ugly, looks nice, is unpleasant to look ata, looks horriblea, could
have been designed bettera, could have looked prettiera
, IHHO WKDW 1DR=RUD« appears natural, looks fakea, looks real, looks artificiala, looks realistic, looks lifelike, looks
3HUFHLYHGUHDOLVP
authentica, looks unrealistica
,IHHOWKDW1DR=RUDLV«important, useless, useful, worthless
3HUFHLYHGUHOHYDQFH
,«have positive expectations about Nao/Zora as a healthcare robot, am reluctant about Nao/Zora in healthcare, expect
3HUFHLYHGYDOHQFH
to be disappointed by Nao/Zora as a healthcare robot, look forward to meet a healthcare robot such as Nao/Zora
,IHHO«good about Nao/Zora, involved with Nao/Zora, connected to Nao/Zora, it’s nice to talk to Nao/Zora
3HUFHLYHGLQYROYHPHQW
,IHHO«it’s annoying to talk to Nao/Zora a, negative about Nao/Zoraa, that Nao/Zora is remote to me, there’s a distance
3HUFHLYHGGLVWDQFH
between Nao/Zora and me, that I am indifferent about Nao/Zora, that Nao/Zora leaves me cold, it’s irritating to talk to
Nao/Zoraa, I’d rather stay away from robots such as Nao/Zoraa
,« want to use Nao/Zora more frequently, want to come across Nao/Zora in different places as well, would dismiss
3HUFHLYHGXVHLQWHQWLRQV
Nao/Zora next timea, would ignore Nao/Zora next timea, wouldn’t know what to do with a robot like Nao/Zora, want
nothing to do with a robot like Nao/Zora, do not want to see Nao/Zora again a, have had enough of Nao/Zoraa
D
Item dropped from the scale based on results of PCA and reliability analysis.
b
All reported values are Cronbach’s alpha

3HUFHLYHGDIIRUGDQFHV

3HUFHLYHGHWKLFV

7DEOH2YHUYLHZRIWKHURERWSHUFHSWLRQPHDVXUHVDQGWKHLUUHOLDELOLWLHVLQVWXG\
6FDOH
,WHPVXVHGLQVFDOH



.829

.822
.795

.764
.883

.809

.670

.765

.772

5HOLDELOLW\E
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5HOLDELOLW\
VWXG\E
.814

5HOLDELOLW\
VWXG\E
.793



3UREOHPIRFXVHG

6XSSRUW

, ZRXOG« concentrate my efforts on doing something about the situation, take action to try to make the
situation better, try to come up with a strategy about what to do
,ZRXOGWU\WRJHW«emotional support from others, comfort and understanding from someone, advice or help .804
.765
from other people about what to do, help and advice from other people
,ZRXOG« try to see it in a different light to make it seem more positive, try to look for something good in .815
.809
(PRWLRQIRFXVHG
what is happening, accept the reality of the fact that it has happened, learn to live with it
,ZRXOG«make jokes about it, make fun of the situation
.818
.767
+XPRU
,ZRXOG« say to myself “this isn’t real”, refuse to believe that it has happened
'HQLDO
,ZRXOG« turn to work or other activities to take my mind off things, do something to think about it less such .713
.768
6HOIGLVWUDFWLRQ
as go to the movies, watching TV, reading, daydreaming, sleeping, or shopping
,ZRXOG« use alcohol or other drugs to make myself feel better, use alcohol or other drugs to help me get .955
.922
6XEVWDQFH DE XVH
through it
,ZRXOG« try to find comfort in my religion or spiritual beliefs, pray or meditate
.851
.902
6SLULWXDO
D
PCA and reliability analyses showed that 7 items did not really fit any of the above scales, therefore, these 7 items are left out. These 7 items cover, amongst
others, Carver’s (1997) subscales ‘Venting’, ‘Behavioral disengagement’, and ‘Self-blame’.
b
All reported values are Cronbach’s alpha

7DEOH2YHUYLHZRIFRSLQJVWUDWHJ\PHDVXUHVDQGWKHLUUHOLDELOLWLHVLQVWXGLHVDQGD
6FDOH
,WHPVXVHGLQVFDOH
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Appendix 4: Overview results H1, step 1 (Study 1)
In the first MANOVA analysis, we found significant multivariate effects for manipulated
emotional state, Wilk’s Ȝ = .19, )(5,84) = 73.28,S <.001, ȘS2 = .81, for manipulated coping
potential, Wilk’s Ȝ = .72, )(5,84) = 6.54,S <.001, ȘS2 = .28, as well as for the interaction of
both factors, Wilk’s Ȝ = .76, )(5,84) = 5.30,S <.001, ȘS2 = .24.
Univariate effects for manipulated emotional state showed significant effects on
all appraisals (all Ss <.001, ȘS2 > .35) except other-agency (QV). Specifically, sad
participants appraised the situation as harder to cope with, harder to control, having more
situational agency and having less self-agency than angry participants (see Table 1 below).
Table 1. Means (0) and standard deviations (6') for sad (n = 46) and angry participants (n = 46) on the appraisals
of coping potential, control, situational agency, and self-agency.
Sad participants
Angry participants

Coping potential
Control
Situational agency
Self-agency

0

6'

0

6'

2.23
1.77
3.79
1.37

.75
.77
1.00
.77

3.33
3.92
1.48
3.00

.89
.95
.61
1.17

For manipulated coping potential, univariate tests showed significant effects on all
appraisals (all Ss  .002, ȘS2 > .09) except self-agency (QV). Participants who had read the
easy-to-cope-with scenario appraised their situation as easier to cope with and easier to
control than did participants who had read the hard-to-cope-with scenario. Furthermore,
participants in the easy-to-cope-with condition appraised more situational agency and less
other-agency compared to participants in the hard-to-cope-with condition (see Table 2
below).
Table 2. Means (0) and standard deviations (6') for participants in the easy-to-cope-with (n = 49) and hard-tocope-with conditions (n = 43) on the appraisals of coping potential, control, situational agency, and other-agency.
Easy-to-cope-with
Hard-to-cope-with

Coping potential
Control
Situational agency
Other-agency

0

6'

0

6'

2.97
2.98
3.00
2.39

1.01
1.52
1.57
1.40

2.56
2.70
2.22
3.30

.92
1.21
1.13
1.12

For the interaction of manipulated emotional state and coping potential, we found
significant effects on the appraisal of control, )(1,88) = 10.89,S = .001, ȘS2 = .11, and the
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DSSUDLVDORIVLWXDWLRQDODJHQF\)   S<.001, ȘS :LWKLQWKHSDUWLFLSDQWV
WKDWKDGUHDGWKHVDGHPRWLRQDOVFHQDULRZHGLGQRWILQGDELJGLIIHUHQFHEHWZHHQWKHHDV\
WRFRSHZLWK DQG WKH KDUGWRFRSHZLWK FRQGLWLRQV LQ WHUPV RI FRQWURO ERWK DSSUDLVHG
WKHPVHOYHV WR KDYH UHODWLYHO\ OLWWOH FRQWURO LQ WKH VLWXDWLRQ 0   6'   DQG 0 
 6'   UHVSHFWLYHO\  :LWKLQ WKH DQJU\ FRQGLWLRQ KRZHYHU ZH IRXQG D ELJJHU
GLIIHUHQFH3DUWLFLSDQWVWKDWKDGUHDGWKHHDV\WRFRSHZLWKVFHQDULRDSSUDLVHGPXFKPRUH
SHUVRQDOFRQWURORIWKHLUVLWXDWLRQ 0 6'  FRPSDUHGWRSDUWLFLSDQWVWKDWKDG
UHDGWKHKDUGWRFRSHZLWKVFHQDULR 0   6' = .97). For the appraisal of situational
agency, a reverse pattern was found. Angry participants appraised relatively little
situational agency, regardless of whether they had read the easy-to-cope-with (0 = 1.43,
6' = .60) or the hard-to-cope-with scenario (0 = 1.52, 6' = .63). The difference was larger
amongst the sad participants: Those in the easy-to-cope-with condition appraised much
more situational agency (0 = 4.28, 6' = .68) than those in the hard-to-cope-with condition
(0 = 3.11, 6' = .99).





Emotions, Coping, and Social Robots



Appendix 5: Overview results H1, step 1 (Study 2)
The MANOVA showed significant multivariate effects for manipulated emotional state,
Wilk’s Ȝ = .24, )(5,102) = 65.53, S < .001, ȘS2 = .76, for manipulated coping potential,
Wilk’s Ȝ = .78, )(5,102) = 5.73,S < .001, ȘS2 = .22, as well as for the interaction of both
factors, Wilk’s Ȝ = .87, )(5,102) = 3.13,S = . 01, ȘS2 = .13.
For manipulated emotional state we found that the univariate effects were similar
to those in Study 1. Significant differences were found between the sad and angry
participants in terms of all appraisals (all Ss <.001, ȘS2  .23) except for the appraisal of
other-agency (QV). Sad participants appraised their situation as harder to cope with, harder
to control, having more situational agency and having less self-agency compared to angry
participants (see Table 3 below).
Table 3. Means (0) and standard deviations (6') for sad (n = 55) and angry participants (n = 55) on the appraisals
of coping potential, control, situational agency, and self-agency.
Sad participants
Angry participants

Coping potential
Control
Situational agency
Self-agency

0

6'

0

6'

2.48
2.20
3.73
1.55

.70
.91
1.12
.90

3.49
4.07
1.45
2.71

.85
.68
.68
1.21

Univariate effects for manipulation coping potential showed significant effects on
appraised coping potential, )(1,106) = 22.01, S < .001, ȘS2 = .17, and appraised situational
agency, )(1,106) = 5.83, S = .02, ȘS2 = .05. No differences were found between the coping
potential conditions in terms of appraised control, other-agency, and self-agency (all three
QV). Specifically, participants who had read the easy-to-cope-with scenario were found to
appraise their situation as easier to cope with and having more situational agency than
participants who had read the hard-to-cope-with scenario (see Table 4 below).
Table 4. Means (0) and standard deviations (6') for participants in the easy-to-cope-with (n = 62) and hard-tocope-with conditions (n = 48) on the appraisals of coping potential and situational agency.
Easy-to-cope-with
Hard-to-cope-with

Coping potential
Situational agency

0

6'

0

6'

3.23
2.84

.90
1.62

2.66
2.27

.87
1.18
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)RUWKHLQWHUDFWLRQRIPDQLSXODWHGHPRWLRQDOVWDWHDQGFRSLQJSRWHQWLDOZHIRXQG
VLJQLILFDQW HIIHFWV RQ WKH DSSUDLVDO RI VLWXDWLRQDO DJHQF\  )     S < .01, ȘS 
 DQG WKH DSSUDLVDO RI RWKHUDJHQF\ )     S = .01, ȘS   :LWKLQ WKH
SDUWLFLSDQWVWKDWKDGUHDGWKHVDGHPRWLRQDOVFHQDULRZHIRXQGWKDWWKHSDUWLFLSDQWVLQWKH
HDV\WRFRSHZLWKFRQGLWLRQDSSUDLVHGWKHLUVLWXDWLRQDVKDYLQJPRUHVLWXDWLRQDODJHQF\ 0
6'  WKDQWKHKDUGWRFRSHZLWKFRQGLWLRQ 0 6'  :LWKLQWKH
DQJU\ FRQGLWLRQ KRZHYHU ZH IRXQG WKDW WKHUH ZDV QRW PXFK RI D GLIIHUHQFH EHWZHHQ
SDUWLFLSDQWVLQWKHHDV\WRFRSHZLWK 0   6'  DQGWKRVHLQWKH KDUGWRFRSH
ZLWK FRQGLWLRQV 0   6'    )RU WKH DSSUDLVDO RI RWKHUDJHQF\ ZH IRXQG WKDW
DQJU\SDUWLFLSDQWVDOVRGLGQRWGLIIHUPXFK HDV\WRFRSHZLWK0 6' KDUGWR
FRSHZLWK0 6'  ZKLOHWKHGLIIHUHQFHZDVVRPHZKDWELJJHU DQGUHYHUVHG 
DPRQJVWSDUWLFLSDQWVLQWKHVDGFRQGLWLRQ HDV\WRFRSHZLWK0 6' KDUGWR
FRSHZLWK0 6'  







