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Abstract
3UHVVXUHRQ IXWXUH KHDOWKFDUHV\VWHPVPD\EHUHOLHYHGE\WHFKQRORJLFDOVROXWLRQVVXFKDV
VRFLDOURERWV0RVWUHVHDUFKRQVRFLDOURERWVIRFXVHVRQWKHHIIHFWVWKDWURERWVPD\KDYHRQ
users’ emotions DIWHU LQWHUDFWLQJ ZLWK WKH URERW 7KH FXUUHQW VWXG\ KRZHYHU DLPHG DW
H[SORULQJ how users’ emotions SULRU WR LQWHUDFWLQJ ZLWK D URERW PD\ DIIHFW SHUFHSWLRQV
WKHUHRI 0DQ\ KHDOWKFDUH VLWXDWLRQV DUH HPRWLRQDOO\ GHPDQGLQJ DQG SUHYLRXV UHVHDUFK
VKRZHG WKDW HPRWLRQV FDQ LQIOXHQFH SHUFHSWLRQV DQG MXGJPHQWV 7KHUHIRUH ZH VWXGLHG
emotional effects on users’ perceptions of healthcare robots based on two theoUHWLFDO
IUDPHZRUNVDEURDGHQDQGEXLOGYDOHQFHEDVHGDSSURDFK )UHGULFNVRQ DQG
DQ DSSUDLVDOWHQGHQFLHV DSSURDFK /HUQHU

 .HOWQHU    'LIIHUHQW HPRWLRQDO

VWDWHV YDULRXV QHJDWLYH DQG SRVLWLYH RQHV  ZHUH LQGXFHG LQ SDUWLFLSDQWV 1   LQ D
EHWZHHQVXEMHFWVH[SHULPHQW7KH\ZHUHSUHVHQWHGZLWKDKHDOWKFDUHURERWDVGHVFULEHGLQD
QHZVSDSHU DUWLFOH 0HDVXUHV LQFOXGHG HPRWLRQDO DSSUDLVDOV DQG SHUFHSWLRQV RI WKH URERW
5HVXOWV DSSHDUHG WR VKRZ WKDW WKH HPRWLRQDO YDOHQFH GLG QRW GLUHFWO\ LQIOXHQFH WKH
SHUFHSWLRQVRIWKHURERWEXWUDWKHULQGLUHFWHIIHFWV VHHPHGWRRFFXU6XSSRUWLQJDSSUDLVDO
WHQGHQFLHVWKHRUL]LQJWKHHPRWLRQVDSSHDUHGWRDIIHFWSHUFHSWLRQVYLDHPRWLRQDODSSUDLVDOV
SDUWLFXODUO\ WKH DSSUDLVDO RI FRSLQJ SRWHQWLDO 5HVXOWV VXJJHVWHG WKDW FRSLQJ SRWHQWLDO ZDV
SRVLWLYHO\UHODWHGWRSHUFHSWLRQVRIWKHKHDOWKFDUHURERW7KXVHPRWLRQVLQGLUHFWO\DSSHDUHG
WRLQIOXHQFHSHUFHSWLRQVRIDKHDOWKFDUHURERWYLDWKHDSSUDLVDORIFRSLQJSRWHQWLDO













Emotion-based Perceptions of Robots

%HOLHILQHPRWLRQDOFRSLQJDELOLW\DIIHFWVZKDW\RXVHH
LQDURERWQRWWKHHPRWLRQVDVVXFK
Due to aging populations worldwide, rising pressures on healthcare increase the need for
technological innovation to support healthcare practices (World Health Organization,
[WHO], 2012). Apart from the development of instrumental technologies such as patient
lifts and CO2 detectors, technologies are now being developed to support VRFLDO aspects of
healthcare. For example, virtual agents are used as depression therapists (Pontier &
Siddiqui, 2008) and the Paro robot is successful in comforting elderly people suffering from
dementia (e.g., Wada & Shibata, 2008). In general, social technologies attempt to support
and motivate people and provide more autonomy to users or to relieve loneliness (e.g., Van
Kemenade, Konijn, & Hoorn, 2015). Social robots, for instance, may remind people to take
their medication, encourage physical exercise, keep people company, or enable users to
connect to other people via audio or video (see Broadbent, 2017 for an overview of current
applications of robots and research on human-robot interaction).
However, many people are quite skeptical or even fearful of robots, as evidenced
by robots that rival humans in Sci-Fi movies such as “I, Robot” and underscored by
scientific measures such as the “Robot Anxiety Scale” (Nomura, Suzuki, Kanda, & Kato,
2006). Because currently, users can hardly imagine what a social robot is and what it could
do for them, they rely on Sci-Fi movies, newspaper articles, and other media. Hence, it
makes sense to look for the boundaries between HCI and (media) psychology to develop
theory on novices to robotics before robots are deployed in concrete user communities of
patients and caregivers. If they merely provoke negative emotions, robots will not land in
the care domain, or service professions more in general. In doing so, we should not merely
study the characteristics or appearances of the robot, but also those of the potential users,
particularly their emotional perceptions of the ‘scary’ robots that enter their homes. There is
quite some research on the effects of robot characteristics on user cognitions and emotions.
For instance, robot Paro, a furry, seal-like robot, was found to induce positive affect in
healthy older adults (McGlynn, Kemple, Mitzner, King, & Rogers, 2017), reduce loneliness
in rest home residents (Robinson, MacDonald, Kerse, & Broadbent, 2013), and reduce
agitation and depression amongst dementia patients (Jøranson, Pedersen, Rokstad, &
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,KOHE N +RZHYHUOLWWOHUHVHDUFKKDVEHHQGRQHRQWKHHIIHFWVRIDOUHDG\H[LVWLQJRU
SULRU XVHU HPRWLRQV RQ SHUFHSWLRQV RI WKHVH URERWV %URDGEHQW 6WDIIRUG  0DF'RQDOG
 ZKHUHDVSUHYLRXVUHVHDUFKVKRZHGWKDWDOUHDG\H[LVWLQJ IHHOLQJVDQGHPRWLRQV PD\
LQIOXHQFH ZKHWKHUSHRSOHWUXVWURERWVDQG KRZWKH\ SHUFHLYHWKHP %URDGEHQW .XR /HH
5DELQGUDQ.HUVH6WDIIRUG 0DF'RQDOG 7UXVWDQGSHUFHSWLRQVLQWXUQLQIOXHQFH
WKH H[WHQW WR ZKLFK SHRSOH DFFHSW URERWV )XUWKHUPRUH KHGRQLF PRWLYDWLRQ LH HQMR\LQJ
WKHXVHRIWHFKQRORJ\ SHUIRUPDQFHH[SHFWDQF\HIIRUWH[SHFWDQF\DQGRSLQLRQVRISHRSOH
in one’s environment also influence acceptance (cf. UTAUT 9HQNDWHVK 7KRQJ  ;X
  Thus, people’s prior attitudes and feelings about social robots EHIRUH DFWXDOO\
LQWHUDFWLQJZLWKWKHPDUHRIXWPRVWLPSRUWDQFHIRUWKHLQWURGXFWLRQRIURERWVLQKHDOWKFDUH
VHWWLQJV
6RFLDO URERWV PD\ WKXV VHHP VXSSRUWLYH IRU KHDOWKUHODWHG LVVXHV EXW LW LV QRW VR
FOHDU ZK\ social robots are (or are not) beneficial. Most studies on social robots in care
focus on practical or therapeutic effects but are theoretically underdeveloped, which is
understandable given the state of the art (e.g., Shibata & Wada, 2011). Different fields have
found a variety of effects of robots in healthcare, such as psychological effects on
relaxation and mood management, physiological effects on exercise and physical condition,
and psychosocial effects on social support (Broekens, Heerink, Rosendal, 2009; Wada,
Shibata, Saito, & Tanie, 2004). Social robots can be helpful in situations of stress, anxiety,
and depression (e.g., Robinson et al., 2013), particularly in the case of lonesome and
demented elderly (Kachouie, Sedighadeli, Khosla, Chu, 2014). For example, Sumioka,
Nakae, Kanai, and Ishiguro (2013) measured a significant decrease in cortisol levels when
older users interacted with a cuddly social robot compared to handling a mobile phone.
Most people in need of healthcare experience intense emotions, such as anxiously
awaiting a diagnosis (e.g., Pineault, 2007), fear or anxiety for surgery or anesthesia (e.g.,
Mavridou, Dimitriou, Manataki, Arnaoutoglou, Papadopoulos, 2013), or depression due to
enduring pain (e.g., Knotkova, Clark, Mokrejs, Padour, Kuhl, 2004). Meta-analyses and
reviews from the field of emotion psychology consistently showed that intense emotional
states can influence perceptions and judgments that are not related to the prior emotional
situation per se (e.g., Angie, Connelly, Waples, & Kligyte, 2011; Blanchette & Richards,
2010; Lench, Flores, & Bench, 2011). It is thus quite likely that people’s perceptions and
acceptance of social robots are influenced by the emotions they experience before actually
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HQFRXQWHULQJDURERW7KHUHIRUHWKLVVWXG\DLPHGWRSURYLGHDQH[SORUDWLRQRIWKHLQIOXHQFH
RIHPRWLRQVRQWKHLUSHUFHSWLRQVRIVXFKURERWV DWWKHVDPHWLPHWU\LQJWREULGJHWKHJDS
EHWZHHQWKHILHOGVRI+&,+5,PHGLDSV\FKRORJ\DQGHPRWLRQSV\FKRORJ\
,QHPRWLRQSV\FKRORJ\WZRGRPLQDQWWKHRULHVH[LVWDERXWWKHQDWXUHRIHPRWLRQV
WKDWOHDGWRULYDO K\SRWKHVHVDERXWWKH LQIOXHQFHRIHPRWLRQDOVWDWHVRQSHUFHSWLRQV<HW
WKH OLWHUDWXUH LV XQFOHDU ZKLFK RI WKHVH WKHRUHWLFDO DSSURDFKHV DSSOLHV XQGHU ZKLFK
FRQGLWLRQV )XUWKHUPRUH PRVW UHVHDUFK RQ VRFLDO URERWV IRFXVHV RQ WKH HIIHFW WKDW URERWV
KDYHRQWKHHPRWLRQVWKDWSHRSOHKDYHDIWHULQWHUDFWLQJZLWKWKHURERWZKHUHDVWKHFXUUHQW
VWXG\DLPVWRH[SORUHKRZHPRWLRQVPD\LQIOXHQFHSHUFHSWLRQVRIWKHURERWHYHQ SULRUWR
such interactions. In other words, “how do (prLRU HPRWLRQDOVWDWHVDIIHFWSHUFHSWLRQVRID
KHDOWKFDUH URERW SDUWLFXODUO\ ZKHQ SHRSOH KDYH QRWKLQJ PRUH WR JR RQ WKDQ D QHZVSDSHU
article?” This is important as it may have far reaching consequences for the way social
URERWVDUHSUHVHQWHGLQWKHPHGLDDQGWKHDFFHSWDQFHDQGXVDJHRIURERWV LQWKHORQJUXQ
3HUKDSV LW PD\ EH EHQHILFLDO LQ WKH IXWXUH WR HQVXUH WKDW SRWHQWLDO  XVHUV DUH LQ D FHUWDLQ
mood before interacting with a robot, or to have the robot anticipate the user’s mood state.
7RH[SORUHWKLVTXHVWLRQDERXWWKH LQIOXHQFHRI SULRU  XVHUHPRWLRQV ZHWHVWHGWZRULYDO
K\SRWKHVHVDERXWWKHHIIHFWVRIHPRWLRQ–H[SODLQHGQH[W

+RZHPRWLRQVLQIOXHQFHSHUFHSWLRQVYDOHQFHYVDSSUDLVDOV
A large body of emotion literature suggests that emotions influence decision-making
(Angie et al., 2011), attitudes, and perceptions (Lench et al., 2011). There is, however,
some disagreement in the literature as to KRZ emotions actually influence (unrelated)
perceptions. This disagreement is based on beliefs about the nature of emotions. One
theoretical perspective views valence as the most important aspect of emotion, suggesting
that the different effects of emotions on (unrelated) perceptions (such as judgments,
information processing, and memory) are explained by differences between negative and
positive emotions (see Schwarz & Clore, 1996 for an overview). The other perspective
views emotions as the outcome of a series of appraisals about the situation that causes the
emotion, and (some of) these appraisals in turn may influence perceptions of a different,
unrelated situation (Lerner & Keltner, 2000; 2001). Both perspectives are discussed in more
detail hereafter.
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The valence-based approach suggests that an emotion has either a positive or a
negative valence. According to this approach, positive emotions will transfer to unrelated
perceptions in a positive way and thus positively influence the unrelated situation, whereas
negative emotions do the opposite (e.g., Clore & Huntsinger, 2007). Broaden-and-build
(Fredrickson, 1998; 2001) is one of the theories that explains how positive and negative
emotions may have a different influence.
The broaden-and-build theory asserts that positive and negative emotions lead to
the widening or narrowing of worldviews. Fredrickson and Branigan (2005) explain that
negative emotions are functional in that they narrow one’s focus to the issue at hand. For
instance, if confronted with a wild animal such as a tiger, the feeling of anxiety is
functional for undertaking action (e.g., by fleeing, or freezing and ‘playing dead’). Negative
emotions narrow one’s worldview and repertoire of available thoughts and actions – for
instance by only seeing the tiger and nothing else in the scene, and only being able to think
of 1 or 2 actions to perform in that situation. Positive emotions, Fredrickson (1998; 2001)
argues, do exactly the opposite: They make that people are more attentive of their
environment and that they see more possibilities for action within the environment. Thus,
positive emotions broaden one’s worldview and thought-action repertoire. Empirical
evidence supports this: Positive affect leads, among others, to more leniency in making
cognitive associations and categorizations (Isen, Johnson, Mertz, & Robinson, 1985;
Murray, Sujan, Hirt, & Sujan, 1990) and more creativity (Davis, 2009; Fredrickson, 1998)
compared to neutral or negative affect.
Because of this broadening of the thought-action repertoire, we can expect that
prior emotions of positive valence may lead people to see more possibilities for using a
robot (i.e., affordances), whereas people in negative emotional states may see fewer
possibilities for using a robot. Thus, following the broaden-and-build theory, we predict
that people in a positive emotional state see more possibilities in a robot and consequently
perceive it more positively than people in a negative emotional state, whom are probably
more focused on the situation that causes their negative emotion. Thus, emotional valence
is expected to directly influence perceptions of a robot.
The appraisal-based approach, on the other hand, assumes that emotions differ
from one another, not only in terms of valence, but also in terms of the (other) appraisals
associated with each of those emotions (Smith & Ellsworth, 1985). According to this
42
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DSSURDFK HYHU\ HPRWLRQDO VLWXDWLRQ LV FKDUDFWHUL]HG E\ D VHULHV RI VLWXDWLRQDO DSSUDLVDOV
VXFKDVYDOHQFHDJHQF\DQGFRSLQJSRWHQWLDO DQGHDFKHPRWLRQFRQVLVWVRIDXQLTXHVHWRI
VLWXDWLRQDO DSSUDLVDOV )ULMGD  5RVHPDQ  6PLWK   )RU LQVWDQFH VDGQHVV LV
FKDUDFWHUL]HG E\ QHJDWLYH YDOHQFH VLWXDWLRQDO DJHQF\ DQG PHGLXP FRSLQJ SRWHQWLDO
ZKHUHDV KDSSLQHVV LV DVVRFLDWHG ZLWK SRVLWLYH YDOHQFH KXPDQ DJHQF\ DQG KLJK FRSLQJ
SRWHQWLDO (OOVZRUWK  6FKHUHU  6PLWK  (OOVZRUWK   7KXV LQVWHDG RI RQO\
GLVWLQJXLVKLQJ HPRWLRQV EDVHG RQ SRVLWLYH RU QHJDWLYH YDOHQFH WKH DSSUDLVDOEDVHG
DSSURDFKUHFRJQL]HVGLIIHUHQWHPRWLRQVDVGLVWLQFWXQLWVZLWKDXQLTXHSDWWHUQRIDVVRFLDWHG
DSSUDLVDOV
%DVHG RQ WKH LGHD WKDW HYHU\ HPRWLRQ KDV D XQLTXH DSSUDLVDO SDWWHUQ /HUQHU DQG
.HOWQHU    GHYHORSHG WKH DSSUDLVDOWHQGHQF\ IUDPHZRUN 7KLV IUDPHZRUN
DVVXPHV WKDW WKH GLIIHUHQFHV LQ DSSUDLVDOV EHWZHHQ GLIIHUHQW HPRWLRQV DUH WKH EDVLV IRU
GLIIHUHQWHIIHFWVRIHPRWLRQV RQ XQUHODWHG SHUFHSWLRQV)RUH[DPSOH /HUQHUDQG.HOWQHU
 H[SODLQWKDWDQJHUDQGIHDUGLIIHUIURPHDFKRWKHURQWKHDSSUDLVDOVRIFHUWDLQW\DQG
FRQWURO)HDULVFKDUDFWHUL]HGE\KLJKXQFHUWDLQW\DQGKLJKVLWXDWLRQDODJHQF\ LHORZVHOI
DJHQF\  ZKHUHDV DQJHU LV FKDUDFWHUL]HG E\ KLJK FHUWDLQW\ DQG KLJK VHOIDJHQF\ 7KH
DSSUDLVDOWHQGHQF\IUDPHZRUNIXUWKHUSUHGLFWVWKDWWKHVHDSSUDLVDOVFDQWUDQVIHUWRXQUHODWHG
VLWXDWLRQV DQG WKXV LQIOXHQFH SHUFHSWLRQV )RU LQVWDQFH IRU IHDUIXO SHRSOH WKLV PHDQV WKDW
IXWXUHVLWXDWLRQVDUHPRUHOLNHO\WREHDSSUDLVHGDVXQFHUWDLQDQGEH\RQGSHUVRQDOFRQWURO
ZKHUHDVDQJU\SHRSOHDUHPRUHOLNHO\WRIHHOWKH\KDYHFRQWURORYHUDQGDUHFHUWDLQDERXW
IXWXUH VLWXDWLRQV 5HVHDUFK VXSSRUWV WKLV YLHZ )HDUIXO SHRSOH VHH IXWXUH XQUHODWHG 
VLWXDWLRQVDVPRUHULVN\DQGXQFHUWDLQDQGFRQVHTXHQWO\DVVHVVWKHPPRUHSHVVLPLVWLFDOO\
ZKHUHDVDQJU\SHRSOHSHUFHLYHOHVVULVNDQGXQFHUWDLQW\DQGWKXVDUHPRUHRSWLPLVWLFDERXW
IXWXUH VLWXDWLRQV /HUQHU  .HOWQHU   7KH DSSUDLVDOWHQGHQF\ IUDPHZRUN WKXV
DVVHUWVWKDWHPRWLRQLQIOXHQFHVMXGJPHQWRUSHUFHSWLRQYLDGLIIHUHQFHVLQDSSUDLVDOSDWWHUQV
)RUWKHFXUUHQWVWXG\ZHLGHQWLILHGSDWLHQWHPRWLRQVWKDWDUHRIWHQHQFRXQWHUHGLQ
DGLYHUVLW\RIKHDOWKFDUHVLWXDWLRQV HJ2OVVRQ%RQG-RKQVRQ)RUHU%R\FH 6DZ\HU
  )URP WKH OLVW RI HPRWLRQV ZH FKRVH IRXU HPRWLRQV IRU RXU VWXG\ WKDW GLIIHUHG RQ
DSSUDLVDO GLPHQVLRQV VXFK DV YDOHQFH FHUWDLQW\ FRSLQJ SRWHQWLDO DWWHQWLRQDO DFWLYLW\
DQWLFLSDWHGHIIRUWDJHQF\FRQWURODQGQRYHOW\ (OOVZRUWK 6FKHUHU6FKHUHU
6PLWK

 (OOVZRUWK   7KHVH IRXU HPRWLRQV DUH KDSSLQHVV KRSH IUXVWUDWLRQ DQG

VDGQHVV +DSSLQHVV ILUVWO\ LV FKDUDFWHUL]HG E\ DSSUDLVDOV RI SRVLWLYH YDOHQFH ORZ
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DQWLFLSDWHG HIIRUW JRDO FRQGXFLYHQHVV KLJK VHOIDJHQF\ KLJK FRSLQJ SRWHQWLDO DQG KLJK
LQWHQVLW\ 6HFRQGO\ KRSH LV FKDUDFWHUL]HG E\ SRVLWLYH YDOHQFH SRWHQWLDO JRDO
FRQGXFLYHQHVV KLJK VLWXDWLRQDO DJHQF\ ORZ VHOIDJHQF\ DQG PRGHUDWH LQWHQVLW\ 7KLUGO\
IUXVWUDWLRQ LVFKDUDFWHUL]HGE\QHJDWLYHYDOHQFH JRDOREVWUXFWLRQ KLJKVLWXDWLRQDODJHQF\
KLJK FRSLQJ SRWHQWLDO DQG KLJK LQWHQVLW\ )LQDOO\ VDGQHVV LV FKDUDFWHUL]HG E\ QHJDWLYH
YDOHQFH JRDO REVWUXFWLRQ VLWXDWLRQDORWKHUDJHQF\  DQG PHGLXP FRSLQJ SRWHQWLDO %DVHG
$

RQ WKH DSSUDLVDOWHQGHQF\ IUDPHZRUN ZH ZRXOG H[SHFW WKDW GLIIHUHQFHV EHWZHHQ WKH
DSSUDLVDOSDWWHUQVDVVRFLDWHG ZLWK WKHVHHPRWLRQVFDQH[SODLQGLIIHUHQFHVLQWKHHIIHFWV RI
WKHGLIIHUHQWHPRWLRQVRQMXGJPHQWVDQGSHUFHSWLRQV2ULQRWKHU ZRUGVWKHVHDSSUDLVDOV
ZRXOGWUDQVIHUWRIXWXUHVLWXDWLRQVVXFKDVSHUFHSWLRQVRIDKHDOWKFDUHURERW
7KXVWKHEURDGHQDQGEXLOGWKHRU\DQGWKHDSSUDLVDOWHQGHQF\IUDPHZRUNDUHWZR
GLIIHUHQW ZD\VWRDSSURDFKHPRWLRQV)URPWKHVHIUDPHZRUNVWZR GLIIHUHQW H[SORUDWRU\ 
K\SRWKHVHV FDQ EH IRUPXODWHG DERXW WKH LQIOXHQFH RI HPRWLRQV RQ SHUFHSWLRQV RI D
KHDOWKFDUH URERW ,Q WKH EURDGHQDQGEXLOG SHUVSHFWLYH YDOHQFH LV WKH IDFWRU WKDW H[SODLQV
GLIIHUHQWLDOHIIHFWVRIHPRWLRQVRQSHUFHSWLRQV7KXVWKHK\SRWKHVLVZRXOGEHWKDWSRVLWLYH
HPRWLRQV KDSSLQHVVDQGKRSH OHDGWRPRUHSRVLWLYHSHUFHSWLRQVRIDKHDOWKFDUHURERWWKDQ
QHJDWLYHHPRWLRQV IUXVWUDWLRQDQGVDGQHVV  + 7KHDSSUDLVDOWHQGHQF\IUDPHZRUNRQWKH
RWKHU KDQG DVVHUWV WKDW HPRWLRQV FDQ LQIOXHQFH SHUFHSWLRQV RI IXWXUH VLWXDWLRQV YLD WKH
DSSUDLVDOGLIIHUHQFHVEHWZHHQHPRWLRQV,IWZRHPRWLRQVGLIIHURQWKHDSSUDLVDORIFHUWDLQW\
WKHQWKLV XQ FHUWDLQW\LVH[SHFWHGWRLQIOXHQFHSHUFHSWLRQVRIDIXWXUHVLWXDWLRQDQGFDQWKXV
FDXVH GLIIHUHQW HIIHFWV IRU WKH WZR GLIIHUHQW HPRWLRQV 9DOHQFH LV EXW RQH DSSUDLVDO
GLPHQVLRQ DQG RWKHU DSSUDLVDO GLPHQVLRQV VXFK DV FHUWDLQW\ DWWHQWLRQDO DFWLYLW\ DQG
FRSLQJSRWHQWLDO FDQDOVRFDXVHGLIIHUHQFHVEHWZHHQHPRWLRQV DVORQJDVWKHDSSUDLVDOVRQ
WKDW GLPHQVLRQ GLIIHU EHWZHHQ WKHVH HPRWLRQV  %HFDXVH ZH LQFOXGHG HPRWLRQV LQ WKH
FXUUHQWVWXG\WKDWGLIIHURQVRPHGLPHQVLRQVEXWQRWRQRWKHUV HJWKHDSSUDLVHGYDOHQFH
GRHVQRWGLIIHUEHWZHHQKDSSLQHVVDQGKRSHEXWWKHDSSUDLVDORIDJHQF\DQGLQWHQVLW\GR 
ZHK\SRWKHVL]HGWKDWGLIIHUHQFHVLQDSSUDLVDOV EH\RQGYDOHQFH LQIOXHQFHSHUFHSWLRQVRID
KHDOWKFDUHURERW + 




(YHQWKRXJK6PLWK (OOVZRUWK  VXJJHVWWKDWVDGQHVVLVFKDUDFWHUL]HGE\KLJKVLWXDWLRQDODJHQF\RWKHU
UHVHDUFKHUVFODLPWKDWVDGQHVVLVRSHQLQWHUPVRIDJHQF\ LHQRWFOHDUO\VLWXDWLRQDORUKXPDQDJHQF\(OOVZRUWK
6FKHUHU5RVHPDQ 
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0HWKRG
3DUWLFLSDQWVDQGGHVLJQ
3DUWLFLSDQWV 1   0DJH   6'DJH    IHPDOH  ZHUH UDQGRPO\
GLVWULEXWHG RYHU ILYH FRQGLWLRQV HPRWLRQDO VWDWH KDSSLQHVV YV KRSH YV VDGQHVV YV
IUXVWUDWLRQYVQHXWUDO RIDEHWZHHQVXEMHFWVRQOLQHH[SHULPHQW3DUWLFLSDQWVZHUHUHFUXLWHG
YLD VQRZEDOO VDPSOLQJ WKURXJK HPDLO DQG VRFLDO PHGLD Q   YROXQWDU\ SDUWLFLSDWLRQ 
YLDDILUVW\HDUVWXGHQWSRRO Q ZKRUHFHLYHGFRXUVHFUHGLWIRUSDUWLFLSDWLRQ DQGYLD
JHQHUDO VWXGHQW PDLOLQJ OLVWV Q   YROXQWDU\ SDUWLFLSDWLRQ  7KHVH WKUHH VXE VDPSOHV
GLIIHUHGVLJQLILFDQWO\IURPHDFKRWKHULQWHUPVRIDJHDQGHGXFDWLRQ3DUWLFLSDQWVUHFUXLWHG
YLDVQRZEDOOVDPSOLQJZHUHVLJQLILFDQWO\ROGHU 0 6' )   
S  ȘS    DQG ORZHU HGXFDWHG  DWWHQGHG XQLYHUVLW\ Ȥ     S 
  FRPSDUHG WR SDUWLFLSDQWV IURP WKH ILUVW \HDU VWXGHQW SRRO 0   6'  
 DWWHQGHG XQLYHUVLW\  DQG SDUWLFLSDQWV UHFUXLWHG YLD WKH JHQHUDO PDLOLQJ OLVWV 0 
6' DWWHQGHGXQLYHUVLW\ +RZHYHUWKHSDUWLFLSDQWVIURPWKHVHGLIIHUHQW
VXE VDPSOHV ZHUH HYHQO\ GLVWULEXWHG DFURVV WKH GLIIHUHQW FRQGLWLRQV +HQFH ZH IRXQG QR
GLIIHUHQFHV EHWZHHQ SDUWLFLSDQWV LQ WKH GLIIHUHQW FRQGLWLRQV LQ WHUPV RI DJH OHYHO RI
HGXFDWLRQKRZWKH\ZHUHUHFUXLWHGDQGJHQGHU

0DQLSXODWLRQ
7KH IRXU H[SHULPHQWDO HPRWLRQV ZHUH DOO LQGXFHG XVLQJ WKH VDPH UHFDOO SURFHGXUH FI
/HUQHU .HOWQHU6PDOO /HUQHU 3DUWLFLSDQWVZHUHDVNHGWRUHFDOODVSHFLILF
LQVWDQFH RI LOOQHVV LQ WKHLU SDVW LQ ZKLFK WKH\ H[SHULHQFHG WKH HPRWLRQ DV LQGLFDWHG HJ
“Try to recall one specific situation in which you felt ill or needed care, and \RXIHOWYHU\
frustrated/happy/hopeful/sad”  7R DLG UHFDOO SDUWLFLSDQWV ZHUH DVNHG WR UHPHPEHU WKH
situation as vividly as possible through questions such as “Why did that situation make you
feel frustrated?” and “How did it feel to be frustrated?” PartiFLSDQWVZHUHLQVWUXFWHGWRWDNH
VRPHWLPHWRUHPHPEHUWKHVLWXDWLRQYLYLGO\DQGWKHQDVNHGWREULHIO\GHVFULEHWKHVLWXDWLRQ
LQZULWLQJ,QWKHQHXWUDOFRQGLWLRQSDUWLFLSDQWVZHUHDVNHGWRUHFDOODVSHFLILFVLWXDWLRQLQ
ZKLFKWKH\IHOWDPLOGFROGRUVRUHWKURDWFRPLQJXSZKLFKZDVJRQHDJDLQWKHQH[WGD\
6LPLODUWRWKHH[SHULPHQWDOFRQGLWLRQVVRPHTXHVWLRQVZHUHDVNHGWRDLGUHFDOOEXWWKHVH
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were more focused on practical matters (e.g., “What did you do that day?”) and less on
IHHOLQJV H[SHULHQFHG LQ WKH VLWXDWLRQ WR SUHYHQW WKH LQGXFWLRQ RI VSHFLILF HPRWLRQDO
UHVSRQVHV :H KRSHG WR PLQLPL]H HPRWLRQDO UHVSRQVHV RI SDUWLFLSDQWV LQ WKH QHXWUDO
FRQGLWLRQE\IRFXVLQJRQDUHODWLYHPLQRUKHDOWKLVVXH\HWZHUHDOL]HGWKDWSUREDEO\VRPH
VOLJKW QHJDWLYH HPRWLRQV ZRXOG EH H[SHULHQFHG E\ SHRSOH LQ WKLV FRQGLWLRQ GXH WR WKH
UHIHUHQFHWRWKHFROGDQGVRUHWKURDW

3URFHGXUH
3DUWLFLSDQWVZHUHLQYLWHGWRDQRQOLQHVWXG\DERXWRSLQLRQVDQGH[SHULHQFHVZLWKLOOQHVVDQG
KHDOWKFDUH0RVWVWXGLHVRQWKHLQIOXHQFHRIHPRWLRQVRQ XQUHODWHG MXGJPHQWVRUGHFLVLRQV
SUHVHQW WKH HPRWLRQ LQGXFWLRQ DQG RXWFRPH PHDVXUHV DV WZR VHSDUDWH VWXGLHV WR WKH
participants to prevent participants from guessing the study’s purpose HJ /HUQHU



.HOWQHU  'XQQ  6FKZHLW]HU  /HQFK  /HYLQH   %HFDXVH ZH XVHG DQ
RQOLQH VWXG\ LQVWHDG RI D ODE VWXG\ ZH GHFLGHG QRW WR SUHVHQW RXU VWXG\ DV WZR VHSDUDWH
VWXGLHVEHFDXVHRIWKHULVNRIDWWULWLRQDIWHUWKH HPRWLRQLQGXFWLRQ,QVWHDG ZHGHFLGHGWR
SUHVHQWWKHVWXG\DVRQHVWXG\WKDWKDGWZRGLVWLQFWSDUWVZKLFKZHUHERWKFORVHO\UHODWHGWR
KHDOWKFDUH%\GRLQJVRZHDLPHGWRSUHYHQWDWWULWLRQDQGWKDWSRVVLEOHGHPDQGHIIHFWV LH
SDUWLFLSDQWV JXHVVLQJ WKH SXUSRVH RI WKH VWXG\  ZRXOG REVFXUH DQ\ JHQXLQH HIIHFWV RI WKH
HPRWLRQ LQGXFWLRQV /HQFK HW DO  :HVWHUPDQQ 6SLHV 6WDKO

 +HVVH  

Participants’ feedback at the end of the study did not show awareness of the study’s
SXUSRVH
)RUWKHILUVWSDUWRIWKHVWXG\SDUWLFLSDQWVZHUHWROGWKH\ZRXOGDQVZHUTXHVWLRQV
DERXW WKH UROH RI HPRWLRQV LQ LOOQHVV DQG KHDOWKFDUH VLWXDWLRQV DQG DERXW UHFDOOLQJ VXFK
emotions. In fact, this part contained the emotion induction (see ‘manipulation’), the
appraisal dimension scales (presented as queries to help remember the emotional situation),
and two manipulation checks (presented as measurements to assess reactivation of the
recalled emotion).
For the next part of the study, participants were told that the questions assessed
their opinions about the future of healthcare. At the beginning of this part, participants were
asked to read a (fictitious) newspaper article about Alice, a healthcare robot (see Appendix
1). Even though the newspaper article was fictitious, robot Alice was not: Alice is a
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humanoid robot manufactured by Robokind. In the article, some of Alice’s potential
benefits were highlighted, comprising both practical and social tasks (e.g., making beds,
monitoring, reminding people to take medication, having a chat), even though Alice was
physically not capable to perform all the tasks that were described in the article. Subsequent
questions were presented as assessing participants’ opinions about the future of healthcare,
particularly the role of robots. These questions actually assessed participants’ perceptions
about Alice (see ‘Measures’ below).
Finally, participants provided demographic information and were invited to
comment on the study and the study’s topic (i.e., emotions in healthcare and the future of
healthcare), after which they were thanked, debriefed, and dismissed.

0HDVXUHV
We performed reliability analyses using Spearman-Brown’s coefficient for 2-item scales
(cf. Eisinga, Te Grotenhuis, & Pelzer, 2012) and Cronbach’s alpha for scales consisting of
3 or more items in combination with Principal Components Analyses (PCA) to check the
coherence of our scales. Results of PCAs are discussed only where items were discarded.
0DQLSXODWLRQ FKHFNV To check whether the manipulation (i.e., the emotion
induction) was successful, we assessed to what extent people experienced a number of
emotions after the manipulation (frustration, sadness, hope, happiness, and filler items such
as anxiety, pride, and enthusiasm) on 5-point rating scales (1 = not at all, to 5 = very
strongly). We used 5 items to check frustration 2 (e.g., frustrated, irritated), which formed a
#

reliable scale (Cronbach’s Į = .90). Sadness was measured using 2 items (sad, blue), which
had high internal consistency (U Spearman-Brown = .92). Happiness was also assessed using 2
items (happy, joyful) and had high internal consistency (U Spearman-Brown = .92). The 2 items
for hope (hopeful and desperate [reverse-coded]) did not correlate significantly, thus we
used a single-item measure (hopeful) to check the manipulation of hope.
Furthermore, we assessed LQWHQVLW\ of the recalled emotion (not for the neutral
condition) on a 10-point rating scale. As part of the emotion-induction procedure,

2

Frustration was measured using 5 items because it was harder to find appropriate items for this scale in
comparison to the other scales. Therefore, we created a longer scale to be able to lose the poorest items.
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SDUWLFLSDQWV ZHUH DVNHG WR LQGLFDWH WR ZKDW H[WHQW WKH\ H[SHULHQFHG WKH UHFDOOHG HPRWLRQ
ZLWKLQGLFDWLQJWKHORZHVWDQGWKHKLJKHVWLQWHQVLW\OHYHO
Appraisal dimensions.)URPWKHOLWHUDWXUHZHGLVWLOOHGDSSUDLVDOGLPHQVLRQV
%HFDXVHZHZDQWHGWRH[SORUHHIIHFWVRIDSSUDLVDOVDQGZHKDGQRWKHRUHWLFDOJURXQGVIRU
H[FOXGLQJDQ\RIWKHGLPHQVLRQVZHPDLQWDLQHGDOO:HXVHGVFDOHVFRQVLVWLQJRI
WR  VWDWHPHQWV DERXW WKH VLWXDWLRQ WKDW WKH SDUWLFLSDQWV KDG UHFDOOHG GXULQJ WKH HPRWLRQ
LQGXFWLRQSURFHGXUH3DUWLFLSDQWVLQGLFDWHGWKHH[WHQWWRZKLFKWKH\DJUHHGZLWKHDFKRIWKH
VWDWHPHQWV  FRPSOHWHO\GLVDJUHHWR FRPSOHWHO\DJUHH SUHVHQWHGWRUHVSRQGHQWV
LQUDQGRPRUGHU:HXVHGSRVLWLYHO\DQGQHJDWLYHO\ ZRUGHGLWHPVLQHDFKVFDOHVRLWHPV
ZHUHUHYHUVHFRGHGZKHUHQHHGHG
9DOHQFHZKHWKHUWKHHPRWLRQDOVLWXDWLRQZDVSRVLWLYHRUQHJDWLYHZDVPHDVXUHG
XVLQJ  LWHPV HJ “I thought the situation was enjoyable” 6PLWK  (OOVZRUWK  
7KHVHLWHPVIRUPHGDUHOLDEOHVFDOHIRUJURXSFRPSDULVRQV U6SHDUPDQ%URZQ  
Anticipated effortRIWKHHPRWLRQDOVLWXDWLRQ ZDVDVVHVVHGZLWKLWHPV 6PLWK 
(OOVZRUWK  , for instance: “The situation required a lot of effort (mental and/or
physical)”. Together, the items formed a reliable scale (r 6SHDUPDQ%URZQ  
Attentional activity – ZKHWKHU WKH HPRWLRQDO VLWXDWLRQ DWWUDFWHG DWWHQWLRQ WRZDUGV
WKDW VLWXDWLRQ RU GLYHUWHG DWWHQWLRQ DZD\ IURP LW – ZDV PHDVXUHG ZLWK  LWHPV 6PLWK 
(OOVZRUWK 7KHLWHPVVSHFLILFDOO\PHQWLRQHGWKHLQGXFHGHPRWLRQDQGZHUHWKHUHIRUH
QRWSUHVHQWHGWRSDUWLFLSDQWVLQWKHQHXWUDOFRQGLWLRQ7KHLWHPV “WKHVLWXDWLRQWKDWPDGH
PHIHHOIUXVWUDWHGVDGKDSS\KRSHIXOPDGHPHfocus my attention elsewhere” and “I wanted
WR LQYHVWLJDWH WKH VLWXDWLRQ WKDW PDGH PH IHHO IUXVWUDWHGVDGKDSS\KRSHIXO further”) ZHUH
IRXQG WR EH XQFRUUHODWHG r

6SHDUPDQ%URZQ

   DQG WKXV ZHUH XVHG VHSDUDWHO\ LQ IXUWKHU

DQDO\VHV
Goal conducivenessWKHH[WHQWWRZKLFKWKHVLWXDWLRQKHOSHGWKHSDUWLFLSDQWUHDFK
KLVKHUJRDO was assessed by means of 2 items (“The sitXDWLRQZDVFRQGXFLYHWRDFKLHYLQJ
my goals” and “The situation hindered me in achieving my goals” [reverseFRGHG@ FI
6FKHUHU6PLWK (OOVZRUWK 7KHLWHPVGLGQRWVLJQLILFDQWO\FRUUHODWHZLWKRQH
DQRWKHU r 6SHDUPDQ%URZQ  VRZHXVHGWKHLWHPVVHSDUDWHO\LQIXUWKHUDQDO\VHV
Legitimacy ZKHWKHU WKH VLWXDWLRQ ZDV IDLU DQG GHVHUYHG was measured with 2
items (Roseman, Antoniou, Jose, 1996; Tong, 2010). Participants were asked to respond to
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statements such as: “I felt I had deserved this situation”. A mean index was calculated from
WKHLWHPV U6SHDUPDQ%URZQ  
Agency PHDVXUHGWKHH[WHQWWRZKLFKWKHVLWXDWLRQZDVDWWULEXWHGWRFLUFXPVWDQFHV
WR VRPHRQH RWKHU WKDQ WKH VHOI RU WR WKH VHOI FRYHULQJ WKH FRQFHSWV RI DJHQF\ FRQWURO
UHVSRQVLELOLW\ DQG SRZHU IURP (OOVZRUWK  6FKHUHU  (OOVZRUWK  6PLWK D
6PLWK (OOVZRUWK :HDVVHVVHGKXPDQDJHQF\QRQKXPDQDJHQF\RWKHUDJHQF\
DQGVHOIDJHQF\XVLQJLWHPVIRULQVWDQFH: “I or someone else had caused the situatLRQWR
be as it was” (human agency). Based on results from PCA and reliability analyses, we
decided to use the 4 items separately in further analyses.
Certainty was measured with 3 items (cf. Smith & Ellsworth, 1985) assessing
certainty about the situation and how it would end (e.g., “The consequences of the situation
were predictable”). However, based on results of PCAs and reliability analyses (i.e.,
Cronbach’s Į = .51) we used the 3 items separately in the analyses.
Situation intensity was measured using 2 items, to check whether indeed some of
the emotional situations were experienced more intensely than others, for example: “I found
the situation intense”. The 2 items were collapsed into a mean index (r Spearman-Brown = .64).
Urgency used 2 items to assess whether urgent action was required in the situation
(e.g., “the situation required that action should be taken quickly”, cf. Scherer, 1993) and
whether inaction would make the situation worse (Ellsworth & Scherer, 2003). Together
these items formed a reliable scale for group comparisons (r Spearman-Brown = .64).
Novelty was assessed with 4 items measuring whether the situation was new,
unfamiliar, and unexpected (e.g., “I had been in a similar situation before”; Ellsworth &
Scherer, 1993; Roseman et al., 1996). The 4 items formed a reliable scale (Cronbach’s Į =
.71).
Coping potential is about how people think they have the skills and resources to
deal with their emotions in a specific situation, regardless of actual ability to
influence/control the situation (Ellsworth & Scherer, 2003). Two items assessed
respondents’ thoughts about their potential ability to cope with the situation, for instance: “I
knew how I could best deal with this situation”. The items were combined into a mean
index (r Spearman-Brown = .60).
3HUFHSWLRQVRIWKHURERWPerceptions of robot Alice were assessed by means of 7
concepts from the framework for Interactively Perceiving and Experiencing Fictional
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&KDUDFWHUV ,3()L& HJ 9DQ 9XJW +RRUQ .RQLMQ

 9HOGKXLV  EDVHG RQ WKH

3()L& IUDPHZRUN IRU SHUFHLYLQJ QRQLQWHUDFWLYH FKDUDFWHUV .RQLMQ

 +RRUQ  

HWKLFV DIIRUGDQFHV UHOHYDQFH YDOHQFH LQYROYHPHQW GLVWDQFH DQG XVH LQWHQWLRQV
3DUWLFLSDQWVZHUHDVNHGWRUHVSRQGWRVWDWHPHQWV EDVHGRQ9DQ9XJW+RRUQ.RQLMQ 
'H%LH'LPLWULDGRX XVLQJSRLQWUDWLQJVFDOHV  WRWDOO\GLVDJUHHWR WRWDOO\
DJUHH  +DOI RI WKHVH LWHPV H[FHSW IRU WKH LWHPV RI LQYROYHPHQW DQG GLVWDQFH ZHUH
QHJDWLYHO\NH\HGDQGWKXVUHYHUVHFRGHGEHIRUHDQDO\VLV6HH7DEOHIRUDQRYHUYLHZRIDOO
LWHPVSHUVFDOH YDOLGLW\RIWKHVHVFDOHVKDYHEHHQH[WHQVLYHO\WHVWHGDQGVKRZQLQSUHYLRXV
UHVHDUFKHJ3RQWLHU 6LGGLTXL9DQ9XJWHWDO9DQ9XJWHWDO 
3HUFHLYHGYDOHQFH7KHGLUHFWLRQRIYDOHQFHZKHQRQHZRXOGXVHWKHURERWLQWKH
future (e.g., “I have positive expectations about this healthcare robot”) was assessed using
10 items, which together formed a reliable scale (Cronbach’s Į = .90).
3HUFHLYHG DIIRUGDQFHV :KHWKHU WKH URERW ZDV SHUFHLYHG DV KDYLQJ KHOSIXO
SRVVLELOLWLHV IRU DFWLRQ or not was assessed by means of 10 statements (e.g., “This
healthcare robot is clumsy”). Together, these 10 items formed a reliable scale (Cronbach’s
Į = .86).
3HUFHLYHG UHOHYDQFH 8VHU SHUFHSWLRQV DERXW WKH UHOHYDQFH RI WKH URERW IRU WKHLU
personal life were assessed by means of 9 statements (e.g., “this healthcare robot is
important to me”), which together formed a reliable scale (Cronbach’s Į = .92).
3HUFHLYHGHWKLFV3HUFHSWLRQVRIZKHWKHUWKHURERWZDVHWKLFDOO\JRRGRUEDGZHUH
PHDVXUHG XVLQJ  VWDWHPHQWV HJ “This healthcare robot is malevolent”). Based on the
PCA, 2 items were dropped (see Table 1). A mean index was calculated from the 2
remaining items (USpearman-Brown = .78).
3HUFHLYHGLQYROYHPHQWFriendly feelings towards the robot were measured using 4
items (e.g., “I feel involved with the healthcare robot”). These items showed good internal
consistency and thus were collapsed into a mean index (Cronbach’s Į = .74).
3HUFHLYHGGLVWDQFH Cold feelings towards the robot were assessed by 4 items (e.g.,
“such a healthcare robot comes across as distant”) that showed good internal consistency
(Cronbach’s Į = .74).
3HUFHLYHG XVH LQWHQWLRQV The intention to learn more about the robot and to
actually use it was assessed with 6 items (e.g., “I would use the healthcare robot”), which
together formed a reliable scale (Cronbach’s Į = .85).
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7DEOH2YHUYLHZRIWKHURERWSHUFHSWLRQPHDVXUHVDQGWKHLUUHOLDELOLWLHV
6FDOH
,WHPVXVHGLQVFDOH

5HOLDELOLW\D

.90
I… have positive expectations, expect it to be fun, am ready for it,
expect it to turn out positively, am looking forward to it, have
negative expectationsb, expect it to be annoyingb, foresee bad
thingsb, expect disappointmentb, dread itb
The robot seems… intelligent, able, capable, skillful, handy, dumbb,
.86
3HUFHLYHGDIIRUGDQFHV
clumsyb, incompetentb, poorb, awkwardb
.92
The robot seems… important, valuable, useful, meaningful,
3HUFHLYHGUHOHYDQFH
irrelevantb, insignificantb, uselessb, unnecessaryb, pointlessb
.78
The robot seems… malevolent, mean, reliablec, trustworthyc
3HUFHLYHGHWKLFV
The robot… gives me a good feeling, seems warm, seems nice, I
.74
3HUFHLYHGLQYROYHPHQW
feel connected to it
The robot… gives me a bad feeling, comes across as distant, seems
.74
3HUFHLYHGGLVWDQFH
cold, seems irritating
.85
I would… use it, send it awayb, let it help me, ignore itb, want to
3HUFHLYHGXVHLQWHQWLRQV
read the rest of the newspaper article, skip the rest of the articleb
D
 Reported values are Cronbach’s alpha for all scales except perceived ethics (which used SpearmanBrown’s
FRHIILFLHQW 
E
,WHPZDVUHYHUVHFRGHG
F
Item dropped from the scale based on results of PCA and reliability analysis.
3HUFHLYHGYDOHQFH

5HVXOWV
0DQLSXODWLRQFKHFNV
To assess the effectiveness of the emotion induction procedure, we checked participants’
emotional states in two ways: Verbally and statistically. First, we checked whether the
participants’ verbal recall reports were in line with the assigned emotion, which was the
case for all participants. Next, we performed statistical analyses to check whether 1) the
intended emotion was indeed induced in each condition (and not contaminated with other
emotional states), 2) the appraised valence of each induced emotion was in the expected
direction, and 3) the induced emotions were experienced as equally intense.
To check the manipulation of emotional state, we performed a MANOVA 3 with
"

the condition as independent variable and the emotion scales (frustration, sadness,
happiness, and the individual item for hope) as the dependents. Multivariate results showed
that there were indeed differences between the conditions, Wilk’s Ȝ = .51, )(20,581.359) =
6.58, S < .001, ȘS2 = .16, and univariate tests confirmed that the intended emotions were

3

We chose to perform MANOVA instead of repeated ANOVA analyses because the emotion scales used as
dependent variables were found to be correlated (cf. Field, 2009).
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LQGXFHG DOO)’s (4,179) > 5, all S’s  .001, and ȘSUDQJHGEHWZHHQDQG 3DLUZLVH
FRPSDULVRQV  VKRZHG D VLPLODU SDWWHUQ ZLWK WKH H[FHSWLRQ RI KRSH VHH 7DEOH  
!

3DUWLFLSDQWVLQWKHKRSHFRQGLWLRQWXUQHGRXWWREHIDLUO\VDG LHQRWVLJQLILFDQWO\OHVVVDG
WKDQVDGSDUWLFLSDQWV DQGOHVVKRSHIXOWKDQKDSS\SDUWLFLSDQWV
7DEOH0HDQV 0 DQGVWDQGDUGGHYLDWLRQV 6' RIVFRUHVRQHDFKRIWKHHPRWLRQPDQLSXODWLRQFKHFNVD

)UXVWUDWLRQ
6DGQHVV
1HXWUDO
+DSSLQHVV
+RSHIXO
FRQGLWLRQ
FRQGLWLRQ
FRQGLWLRQ
FRQGLWLRQ
FRQGLWLRQ
0
6'
0
6'
0
6'
0
6'
0
6'










)UXVWUDWLRQ VFDOH  










6DGQHVV VFDOH 










+DSSLQHVV VFDOH 










+RSH LWHP 
D
3DUWLFLSDQWVLQWKHIUXVWUDWLRQFRQGLWLRQZHUHVLJQLILFDQWO\PRUHIUXVWUDWHGWKDQSDUWLFLSDQWVLQWKHRWKHUFRQGLWLRQV
(p’s < .05). Participants in the sad conditions were significantly sadder than happy and neutral participants (p’s <
 EXWQRWPRUHWKDQIUXVWUDWHGDQGKRSHIXOSDUWLFLSDQWV QV 3DUWLFLSDQWVLQWKHKDSS\FRQGLWLRQZHUHKDSSLHU
WKDQ SDrticipants in the other conditions (p’s <.02). Participants in the hope condition were more hopeful than
participants in the neutral, frustrated, and sad conditions (p’s < .02), but not more than those in the happy
FRQGLWLRQ QV 

Next, we checked whether the positive and negative emotions indeed differed in
terms of appraised valence of the situation. Results of an ANOVA with the emotion
condition as independent and the appraisal of valence as the dependent variable showed that
the emotions differed in terms of appraised valence, )(4,179) = 13.31, S< .001, ȘS2= .23.
Pairwise comparisons showed that this effect could be attributed to a significantly more
positive valence among happy participants (0 = 2.81, 6' = 1.23) compared to the hopeful
(0 = 2.00, 6' = 1.18), neutral (0 = 1.88, 6' = .72), frustrated (0 = 1.41, 6' = .54), and
sad participants (0 = 1.44, 6' = .79; all S’s < .01). None of the other pairs were significant.
Given the means, hope and neutral did not differ too much, and hope thus was not as clearly
a positive emotion as intended. Therefore, we did not include the hope condition in further
analyses.
Finally, we performed an ANOVA to check for differences between the emotional
conditions (i.e., excluding the neutral condition 5) on the LQWHQVLW\RIUHFDOO for the intended


emotion. Results showed that emotional intensity differed between the conditions, )(3,136)
= 3.62, S = .02, ȘS2 = .07. Pairwise comparisons showed that this main effect was caused by

4

We applied Bonferroni-correction to all pairwise comparisons reported in the Results section.
Intensity of emotion recall was not measured in the neutral condition, as it was part of the emotion induction
procedure for the emotion conditions (see ‘Method’).

5
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DVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHLQWHQVLW\RIUHFDOORIIUXVWUDWLRQ 0 6'  
DQG KDSSLQHVV 0   6'   S    1RQH RI WKH RWKHU FRPSDULVRQV ZHUH
VLJQLILFDQW

2

7HVWLQJK\SRWKHVHV
7KH H[SORUDWRU\ QDWXUH RI WKH FXUUHQW VWXG\ FDQQRW PHHW WKH KLJK VWDQGDUGV RI ZHOO
GHYHORSHGH[SHULPHQWVLQODERUDWRU\VHWWLQJVZKLFKOHGXVWRVHWDOHVVVWULQJHQWDOSKDOHYHO
RIIRUWKHVWDWLVWLFDODQDO\VHVWRLQFUHDVHSRZHUDQGVWLOOEDODQFHWKHULVNRI7\SH,DQG
7\SH,,HUURUV /LSVH\ +XUOH\ 
7HVWLQJ WKH HIIHFWV RI YDOHQFH The first hypothesis, derived from the broadenand-build theory, predicted that emotions with positive valence would lead to more positive
perceptions about the healthcare robot than emotions with negative valence. We tested this
in a one-way MANOVA (to control for the interrelatedness of many of the perception
measures, cf. Ellsworth & Smith, 1988a), in which we compared emotions with positive
valence (i.e., happiness) to emotions with negative valence (i.e., frustration and sadness
together) and used the 7 perception measures as dependent variables. Results showed that
there were no significant multivariate (Wilk’s Ȝ = .93, )(7,98)= 1.00, S = .44) and
univariate differences between the conditions (all )’s < 3, all QV). Thus, we found no
differences between the (induced) positive and negative valence of emotions on perceptions
of the robot.
Additional regression analyses with the DSSUDLVHG valence 6 of the emotional


7

situation as independent and perception measures as dependent variables, showed there


was only a significant negative effect of appraised valence on experienced distance towards
the robot (W(104) = -3.04, S < .01, E(6(b) = -.22 (.07), ȕ = -.29). Thus, the more positively
people appraised their situation, the less distance they felt towards the robot. None of the
other perception measures were influenced by the appraised valence of the situation.
7HVWLQJWKHHIIHFWVRIDSSUDLVDOVThe second hypothesis, based on the appraisaltendency framework, predicted that differences in appraisals between emotions may cause

6

Appraised valence was reported by the participants themselves, instead of being based on the literature (as was
the case in the previous analysis).
7
Earlier analyses (see ‘Manipulation checks’) showed that happy situations were appraised as having a more
positive valence than frustrating and sad situations.
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differences in perceptions. To test this, we used a two-step approach. First, we tested for
differences between the emotional conditions on the appraisal dimensions. Because most
appraisals were correlated, we performed a one-way MANOVA with the emotion
conditions as independent and the appraisal dimensions as dependent variables. For the
second step, we used the appraisals as predictors in a series of regression analyses to test
whether the appraisals influenced perceptions about the robot. Results are discussed in
detail below.
In the first step, we found a significant multivariate effect of condition on
appraisal dimensions, Wilk’s Ȝ = .41, )(36,172) = 2.71, S < .001, ȘS2 = .36. Univariate
results showed that the emotion conditions differed in terms of appraisals of valence (cf.
manipulation checks, )(2,103) = 27.56, S <.001, ȘS2 = .35), coping potential ()(2,103) =
4.68, S = .01, ȘS2 = .08), anticipated effort ()(2,103) = 10.92, S < .001, ȘS2 = .18),
legitimacy/fairness ()(2,103) = 16.65, S < .001, ȘS2 = .24), and situation intensity ()(2,103)
= 4.00, S = .02, ȘS2 = .07). For the single items that assessed goal conduciveness, we found
that the manipulated emotions differed on goal conduciveness ()(2,103) = 10.52, S < .001,
ȘS2 = .17) and goal hindrance (recoded) ()(2,103) = 2.48, S = .089, ȘS2 = .05). For the
appraisal of attentional activity, the single item for attention diversion (recoded) was
significantly different between emotion conditions ()(2,103) = 8.40, S < .001 , ȘS2 = .14),
whereas the single item attention focus was not () < 1, QV).
7DEOH Means (0) and standard deviations (6') of (significantly different) scores on appraisal measures

)UXVWUDWLRQFRQGLWLRQ 6DGQHVVFRQGLWLRQ
+DSSLQHVVFRQGLWLRQ

9DOHQFH
&RSLQJSRWHQWLDO
Anticipated effort
Legitimacy/fairness
Intensity
Goal conduciveness
Goal hindrancea
Attention diversiona
a
Items were reverse-coded

0
1.41
2.63
2.27
1.40
3.59
1.40
2.80
3.49

6'
.54
.97
1.02
.69
1.10
.65
1.41
1.34

0
1.44
2.53
1.83
1.70
3.84
1.66
2.54
3.57

6'
.79
1.12
.86
1.00
.90
.97
1.38
1.27

0
2.81
3.22
2.92
2.76
3.21
2.47
3.28
2.44

6'
1.23
1.00
1.07
1.34
.84
1.34
1.45
1.27

Pairwise comparisons confirmed that happy participants appraised their situation
as having more positive valence than frustrated and sad participants did (both S’s < .001,
see Table 3). Furthermore, happy participants appraised their situation as more legitimate,
more goal conducive, less diverting attention away from the situation, and requiring less
54
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HIIRUW FRPSDUHG WR VDG DQG IUXVWUDWHG SDUWLFLSDQWV DOO S’s < .03). Additionally, happy
participants appraised their emotional situation as easier to cope with than sad (S = .02) and
frustrated participants (S = .052). For goal hindrance, a significant difference was found
between the happy and sad participants (S = .09). Finally, sad participants appraised their
situation as significantly more intense than happy participants (S = .02).
The next step in testing the indirect effect of emotions on perceptions about the
robot via the emotional appraisals was to test the effects of appraisals on the perception
measures. We used the appraisal measures as independent variables in a series of linear
regression analyses with the perception measures as dependents. For the sake of clarity,
only appraisal dimensions that are both significant predictors as well as different between
emotional states (in step 1) will be discussed below.
9DOHQFH as an appraisal turned out to be a positive predictor of involvement with
the robot, as a more positive appraisal of the valence of the emotional situation was
associated with a higher involvement with the robot, W(87) = 1.81, S = .07, E(6(b) = .17
(.09), ȕ = .26.
&RSLQJ SRWHQWLDO was found to be a significant positive predictor of perceived
relevance (W(87) = 2.01, S = .047, E(6(b) = .18(.09), ȕ = .27), of perceived valence of the
robot (W(87) = 2.27, S = .03, E(6(b) = .22 (.10), ȕ = .31), of perceived affordances of the
robot (W(87) = 1.67, S < .10, E(6(b) = .14(.09), ȕ = .23), and of the participant’s intention to
use the robot (W(87) = 2.41, S = .02, E(6(b) = .26 (.11), ȕ = .31). Thus, the more participants
felt they had the ability to cope with the emotional situation they recalled, the more positive
perceptions they had about the robot’s relevance, valence, affordances, and their own
intentions to use the robot.
Anticipated effort was found to have a negative effect on relevance, meaning that
the more effort participants anticipated, the less relevant they perceived the robot to be for
them, t(87) =-1.70, p = .09, b(SEb) = -.17(.10), ȕ = -.26.
Intensity was found to have a negative effect on perceived involvement,
suggesting that the more intense the recalled emotional situation was, the less involved
people felt with the robot, t(87) = -.23, p = .07, b(SEb) = -.17 (.10), ȕ = -.23.
Finally, goal hindrance (recoded; i.e., whether the person’s goals were not
obstructed by the situation they were in) was found to be a positive predictor of perceived
valence, t(87) = 1.88, p = .06, b(SEb) = .11 (.06), ȕ = .20). Thus, the more participants felt
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WKHLUVLWXDWLRQGLGQRWNHHSWKHPIURPDFKLHYLQJWKHLUJRDOVWKHPRUHSRVLWLYHH[SHFWDWLRQV
WKH\KDGDERXWWKHURERW
7R VXPPDUL]H + SUHGLFWHG WKDW GLIIHUHQFHV LQ DSSUDLVDOV EHWZHHQ HPRWLRQV
EH\RQGYDOHQFH ZRXOGOHDGWRGLIIHUHQFHVLQSHUFHSWLRQVDERXWWKHURERW5HVXOWVVKRZHG
WKDWWKHHPRWLRQFRQGLWLRQVGLIIHUHGRQVHYHUDODSSUDLVDOVDQGWKDWILYHRIWKHVHDSSUDLVDOV
IXUWKHU LQIOXHQFHG RQH RU PRUH URERW SHUFHSWLRQ PHDVXUHV 7KXV WKHVH UHVXOWV OHQG VRPH
VXSSRUWWRRXUVHFRQGK\SRWKHVLV

Additional mediation analyses
7KHUHVXOWVIURPWKHWZRVWHSDSSURDFKDERYHUDLVHGWKHTXHVWLRQRISRVVLEOHPHGLDWLRQRI
DSSUDLVHGFRSLQJSRWHQWLDO ZKLFKZDVWKHRQO\DSSUDLVDOWKDWLQIOXHQFHGPXOWLSOHPHDVXUHV
RI URERW SHUFHSWLRQV  7KHUHIRUH ZH DQDO\]HG ZKHWKHU WKH DSSUDLVDO RI FRSLQJ SRWHQWLDO
VHUYHGDVDPHGLDWRUEHWZHHQWKH PDQLSXODWHG YDOHQFHRIWKHHPRWLRQDOVWDWHSHRSOHZHUH
LQDQGWKHLUSHUFHSWLRQVRIWKHURERW:HWHVWHGWKLVLQDVHULHV RIERRWVWUDSSHGPHGLDWLRQ
DQDO\VHV XVLQJ WKH 6366 PDFUR 352&(66 +D\HV   LQ ZKLFK ZH XVHG WKH
PDQLSXODWHG YDOHQFH RI HPRWLRQDO VWDWH LH QHJDWLYH >VDG DQG IUXVWUDWHG SDUWLFLSDQWV@ YV
SRVLWLYH>KDSS\SDUWLFLSDQWV@ DVLQGHSHQGHQWYDULDEOH
5HVXOWV VKRZHG PHGLDWLRQ HIIHFWV RI DSSUDLVHG FRSLQJ SRWHQWLDO WKDW ZHUH
VWDWLVWLFDOO\ GLIIHUHQW IURP ]HUR IRU DOPRVW DOO RI WKH URERW SHUFHSWLRQ PHDVXUHV IRU
DIIRUGDQFHVIRUUHOHYDQFHIRUYDOHQFHIRULQYROYHPHQWIRUGLVWDQFHDQGIRUXVHLQWHQWLRQ
VHH 7DEOH  IRU DQ RYHUYLHZ RI UHVXOWV  :H IRXQG QR LQGLUHFW HIIHFWV RI YDOHQFH RI
HPRWLRQDO VWDWH RQ SHUFHLYHG HWKLFV YLD DSSUDLVHG FRSLQJ SRWHQWLDO 7KXV UHVXOWV RI WKH
PHGLDWLRQDQDO\VHVVHHPWRVXJJHVWWKDWWKHDSSUDLVDORIFRSLQJSRWHQWLDO PD\PHGLDWHWKH
HIIHFWRIWKHPDQLSXODWHGHPRWLRQDOYDOHQFHRQURERWSHUFHSWLRQV
Table 4.,QGLUHFW PHGLDWLRQ HIIHFWVRIFRSLQJSRWHQWLDORQ,3()L&PHDVXUHVD
95% &,
Ǻ
6(ȕ
95% &,
%
6(E
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No indirect effect was found of emotional valence via coping potential on participants’ perceptions of the robot’s
HWKLFV
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'LVFXVVLRQ
In the current paper, we measured the effects of a participant’s emotion prior to rating a
KHDOWKFDUH URERW SUHVHQWHG LQ D QHZV DUWLFOH DV D – WRGD\ – HFRORJLFDOO\ YDOLG VLWXDWLRQ LQ
ZKLFK SHRSOH KDYH WR FRPH WR WHUPV ZLWK VRFLDO URERWV HQWHULQJ WKHLU OLYHV 7KHVH
SDUWLFLSDQWVGLGQRWKDYHDQ\GLUHFWH[SHULHQFHZLWKURERWVTXLWHOLNHPRVWRIWKHSURVSHFW
users won’t. Hence, tKLVVWXG\ZDVDQDVVHVVPHQWRIXVHUHPRWLRQVDVZHOODVDQDVVHVVPHQW
RI WKHLQIOXHQFHRIXVHUHPRWLRQVRQ SHUFHSWLRQVRIWKHURERW
2XU JHQHUDO DLP ZDV WR H[SORUH ZKHWKHU DQG KRZ SULRU HPRWLRQV LQIOXHQFHG
SHUFHSWLRQV RI IXWXUH  KHDOWKFDUH URERWV %DVHG RQ LQVLJKWV IURP WKH EURDGHQDQGEXLOG
WKHRU\ )UHGULFNVRQ ZHH[SHFWHG + WKDWHPRWLRQDOYDOHQFHZRXOGWUDQVIHU
WR SHUFHSWLRQV DERXW WKH URERW DV UHDG LQ WKH QHZV +RZHYHU RXU UHVXOWV GLG QRW VHHP WR
SURYLGHVXSSRUWIRUWKLVK\SRWKHVLV5HVXOWVDSSHDUHGWRVKRZPRUHVXSSRUWIRU+EDVHG
RQ WKH DSSUDLVDOWHQGHQF\ IUDPHZRUN /HUQHU

 .HOWQHU    :H IRXQG WKDW

KDSSLQHVV IUXVWUDWLRQ DQG VDGQHVV GLIIHUHG IURP HDFK RWKHU RQ DSSUDLVDOV RI YDOHQFH
FRSLQJSRWHQWLDODQWLFLSDWHGHIIRUWOHJLWLPDF\IDLUQHVVLQWHQVLW\JRDOFRQGXFLYHQHVVDQG
DWWHQWLRQ GLYHUVLRQ )URP WKRVH DSSUDLVDOV YDOHQFH FRSLQJ SRWHQWLDO DQWLFLSDWHG HIIRUW
UHFRGHGJRDOKLQGUDQFHDQGLQWHQVLW\VHHPHGWRDOVRKDYHDQLQIOXHQFHRQRQHRUPRUHRI
WKHURERWSHUFHSWLRQPHDVXUHV+DSS\SDUWLFLSDQWVDSSUDLVHGWKHLUVLWXDWLRQPRUHSRVLWLYHO\
WKDQ VDG DQG IUXVWUDWHG SDUWLFLSDQWV DQG DSSUDLVHG YDOHQFH ZDV SRVLWLYHO\ UHODWHG WR
LQYROYHPHQWZLWKWKHURERW6DGSDUWLFLSDQWVDSSUDLVHGWKHLUVLWXDWLRQDVPRUHLQWHQVHWKDQ
KDSS\ SDUWLFLSDQWV DQG VLWXDWLRQ LQWHQVLW\ ZDV IRXQG WR EH QHJDWLYHO\ UHODWHG WR
LQYROYHPHQW ZLWK WKH URERW +DSS\ SDUWLFLSDQWV DQWLFLSDWHG OHVV HIIRUW WKDQ IUXVWUDWHG DQG
VDGSDUWLFLSDQWVDQGDQWLFLSDWHGHIIRUW ZDV IRXQGWRKDYHDQHJDWLYHUHODWLRQVKLS ZLWKWKH
robot’s perceived relevance. )LQDOO\ WKH DSSUDLVHG SRWHQWLDO WR FRSH ZLWK WKH HPRWLRQDO
VLWXDWLRQ ZDV KLJKHU DPRQJ WKH KDSS\ SDUWLFLSDQWV WKDQ DPRQJ VDG DQG IUXVWUDWHG
SDUWLFLSDQWV DQG WKLV DSSUDLVDO RI FRSLQJ SRWHQWLDO DSSHDUHG WR SRVLWLYHO\ LQIOXHQFH
perceptions of the robot’s affordances, relevanFHYDOHQFHDQGXVHLQWHQWLRQV
7KHVHUHVXOWVFRPELQHGZLWKWKHILQGLQJWKDWDSSUDLVHGFRSLQJSRWHQWLDOVHHPHGWR
PHGLDWH WKH LQIOXHQFH RI PDQLSXODWHG  HPRWLRQDO YDOHQFH RQURERWSHUFHSWLRQVDSSHDUWR
VKRZ WKDW SDUWLFXODUO\ WKH DSSUDLVDO RI FRSLQJ SRWHQWLDO SOD\HG DQ LPSRUWDQW UROH LQ
LQIOXHQFLQJ SHUFHSWLRQV RI WKH KHDOWKFDUH URERW 5HVXOWV VHHP WR LQGLFDWH WKDW KDSS\
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SDUWLFLSDQWV IRXQG LW HDVLHU WR FRSH ZLWK WKHLU HPRWLRQDO VLWXDWLRQ WKDQ VDG DQG IUXVWUDWHG
SDUWLFLSDQWV )XUWKHUPRUH WKH HDVLHU SHRSOH WKRXJKW WKH\ FRXOG FRSH ZLWK WKHLU HPRWLRQDO
VLWXDWLRQVWKHPRUHSRVLWLYHWKH\ DSSHDUHGWREHabout the robot’s affordances, relevance,
YDOHQFH DQG WKHLU RZQ LQWHQWLRQV WR XVH D URERW %DVHG RQ WKHVH UHVXOWV ZH FDQ RQO\
VSHFXODWHDERXWSRVVLEOHH[SODQDWLRQVIRUWKLVHIIHFW2QHSRVVLEOHH[SODQDWLRQLVWKDWSHRSOH
ZKRILQGLWHDVLHUWRFRSHZLWKDQHPRWLRQDOVLWXDWLRQPD\KDYHPRUHFRJQLWLYHVSDFHWKDQ
SHRSOHZKRILQGLWKDUGHUWRFRSHZLWKDQHPRWLRQDOVLWXDWLRQ7KLVH[SODQDWLRQGRHVDSSHDU
VLPLODUWRWKHEURDGHQDQGEXLOGSHUVSHFWLYHZLWKWKHGLIIHUHQFHWKDWLWGRHVQRWDSSHDUWR
be one’sHPRWLRQDOYDOHQFHEXWUDWKHUone’sSRWHQWLDODELOLW\WRFRSHZLWKWKHVLWXDWLRQWKDW
FDXVHVDEURDGHQLQJRIWKHWKRXJKWDFWLRQUHSHUWRLUH
)XUWKHU UHVHDUFK LV QHHGHG WR UHSOLFDWH UHVXOWV DQG WR GHWHUPLQH KRZ H[DFWO\ WKH
DSSUDLVDO RI  FRSLQJ SRWHQWLDO PD\ LQIOXHQFH KHDOWKFDUHURERW SHUFHSWLRQV 3RLQWHUV IRU
IXWXUH UHVHDUFK FDQ EH IRXQG LQ WKH VWUHVV OLWHUDWXUH /D]DUXV   IRU LQVWDQFH
GLVWLQJXLVKHV EHWZHHQ SULPDU\ DSSUDLVDOV LH LV WKLV VLWXDWLRQ UHOHYDQW WR PH DQG P\
JRDOV"  DQG VHFRQGDU\ DSSUDLVDOV LH FDQ , FRSH ZLWK WKLV VLWXDWLRQ DQG LI \HV KRZ" 
%HFDXVHFRSLQJSRWHQWLDOLVSDUWRIWKHVHFRQGDU\DSSUDLVDOSURFHVVDQGVHHPVWRSOD\VXFK
DQLPSRUWDQWUROHLQLQIOXHQFLQJSHUFHSWLRQVRIDKHDOWKFDUHURERWWKHVHFRQGDU\DSSUDLVDO
SURFHVVVHHPVZRUWKZKLOHWRLQYHVWLJDWHIXUWKHULQUHODWLRQWRKHDOWKFDUHURERWV
7KH FXUUHQW VWXG\ DLPV WR DQVZHU D FDOO IRU PRUH UHVHDUFK RQ WKH LQIOXHQFH RI
HPRWLRQV RQ WKH DFFHSWDQFH RI KHDOWKFDUH URERWV %URDGEHQW HW DO   %URDGEHQW DQG
FROOHDJXHV   DOUHDG\ VKRZHG WKDW SULRU DWWLWXGHV DQG SRVLWLYH HPRWLRQV DERXW URERWV
LQIOXHQFHKRZSHRSOHSHUFHLYHWKHTXDOLW\RIWKHLQWHUDFWLRQZLWKDURERW7KHFXUUHQWVWXG\
JRHVEH\RQGWKDWE\VKRZLQJWKDWQRWRQO\LQWHJUDOHPRWLRQVEXWDOVRLQFLGHQWDOHPRWLRQV
LHHPRWLRQVQRWUHODWHGWRWKHURERW PD\(indirectly) influence people’s perceptions of a
healthcare robot, even when they read about it in the newspaper and have never interacted
with a robot before. Furthermore, our results seem to suggest that this is true for discrete
emotions whereas Broadbent and colleagues (2010) used general positive and negative
affect. Nevertheless, these results suggest that emotions may play an important role in the
shaping of robot perceptions and the acceptance thereof.
Another addition to the robot literature is the use of a framework for assessing
perceptions of the robot (i.e., I-PEFiC; Van Vugt et al., 2009). Several studies in the field of
robotics use aggregate measures of perceptions of the robot, referred to as quality of
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LQWHUDFWLRQ %URDGEHQWHWDO RUDWWLWXGH (OOVZRUWK 6PLWKE ,QXVLQJWKH,
3()L& IUDPHZRUN ZH UHFRJQL]H WKDW URERWV DUH QRW RQO\ WRROV EXW DFWXDO VRFLDO DJHQWV
ZKRP ZHDVVHVVLQVLPLODU ZD\VDV ZH ZRXOG KXPDQVRU DYDWDUV :e encode the robot’s
characteristics, compare them to our own goals, and respond appropriately. To do this idea
justice, we measured perceptions based on several dimensions. As the results showed, some
of the emotional appraisals influenced only one or two of these perception measures. Thus,
it seems that different appraisals influence different perceptions about the robot, which we
probably would have failed to detect had we used an aggregate perception measure.

/LPLWDWLRQV
To manipulate emotion in the current study, a standard recall procedure was used (cf.
Lerner & Keltner, 2001; Small & Lerner, 2008). This procedure was very successful for
three of our emotional states. For the hope condition, however, the induction was less
effective. Furthermore, we expected a slightly negative emotion for the neutral condition,
yet results showed that this group scored quite low on DOO of the emotion measures (and not
just the positive ones). In the hope condition, we asked participants to specifically
remember a hopeful situation that was related to illness. In hindsight, however, hope is
recognized as a mixed emotion: it is a so-called anticipatory emotion (Lazarus & Folkman,
1984) which has positive valence, is accompanied by many negative appraisals, and is
future-focused (Ellsworth & Smith, 1988b; Tong, 2014) and thus the participants in this
condition most likely recalled not only the positive aspects of the situation that we had
hoped for. Future researchers that want to successfully manipulate hope are thus advised to
focus on both the positive DQG negative aspects of this complex emotion.
A complication to the use of the recall procedure was the fact that the recalled
emotional situations were likely resolved by the time participants were asked to recall them.
Lerner and Keltner (2000) note that each emotion serves a specific goal, and that appraisal
tendencies will cease to influence other situations once the emotion’s goal is attained. Thus,
goal-attainment is one of the boundary conditions for appraisal tendencies to occur. In
using the recall procedure, these goals were perhaps already met by the time people recalled
the emotional situation. This may also explain the relatively low effect sizes found for the
different emotions (values ranged between .10 and .21). However, we deemed it important
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WRLQGXFHSHUVRQDOO\UHOHYDQWHPRWLRQVUHODWHGWRLOOQHVVDVWKLVZDVWKHILHOGRIDSSOLFDWLRQ
LQWKHFXUUHQWVWXG\ZKLFKLVRQHRIWKHLPSRUWDQWVWUHQJWKVRIWKHUHFDOOSURFHGXUH6LQFH
PRVWRWKHUHPRWLRQLQGXFWLRQSURFHGXUHVDUHQRWYHU\SHUVRQDOO\UHOHYDQWIRUSDUWLFLSDQWV
ZH FKDOOHQJH IXWXUH UHVHDUFKHUV WR ILQG HPRWLRQ LQGXFWLRQ SURFHGXUHV WKDW DUH KLJKO\
UHOHYDQWDVZHOODVHIIHFWLYHLQLQGXFLQJHPRWLRQV
If the participants’ goals were indeed attained before the study, it means that
participants may have already coped with the emotional situation that they recalled. As
researchers have shown in a diversity of contexts (e.g., Folkman, Lazarus, Dunkel-Schetter,
DeLongis, & Gruen, 1986; Lazarus, 2006; MacNeil, Esposito-Smythers, Mehlenbeck,
Weismoore, 2012), secondary appraisals are related to the kinds of coping strategies that
people use to actually deal with their emotional situation. Thus, the role that DFWXDO coping
plays in the relationship between incidental emotions and perceptions of healthcare robots
seems to be an important direction for future research.
Even though the results seem to suggest that valence did not influence perceptions
of the robot directly, we need to be cautious in rejecting the valence-based hypothesis
altogether. The results that the appraisals of coping potential, anticipated effort, valence,
and intensity were different for happy participants compared to sad and frustrated
participants appears to suggest that emotional valence may have LQGLUHFWO\ influenced
perceptions of the robot (i.e., mediated by appraisals). Because the hope induction was less
successful, we only had one positive emotion to compare the negative emotions to.
Comparing multiple discrete positive emotions to multiple discrete negative emotions in
future studies would allow for better testing of the indirect pathways of the effects of
valence on perceptions. Furthermore, this would allow to see whether the indirect effect
that we appeared to have found in the current study can be replicated.
In terms of research design, the current study assessed the effects of emotions on
perceptions of (future) healthcare robots as they were presented in a newspaper article.
These perceptions were based on people’s pre-existing knowledge about healthcare robots
combined with the information they got about robot Alice in the newspaper article. Effects
may, of course, be different when participants interact with an actual robot instead of
reading about one. UTAUT for one thing expects that experience with technology is a
strong moderator of use intentions and actual use (Venkatesh et al., 2012). Yet, people may
not even come to experience a robot in real life if they already refused it based on the fact
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WKDW WKH\ IHHO WKH\ FDQQRW FRSH ZLWK WKHLU FDUH VLWXDWLRQ 7KHLU DSSUDLVDOV RI SRWHQWLDO WR
FRSHZLWKDQHPRWLRQDOVLWXDWLRQPD\EORFNRXWWKHLUZLOOLQJQHVVWRXVHDKHDOWKFDUHURERW
DWDOODOWKRXJKLWPD\GHOLYHUH[FHOOHQWVHUYLFH)XWXUHUHVHDUFKLVQHHGHGWRGHWHUPLQHKRZ
ORQJ DQG VWURQJ VXFK SRWHQWLDO  SUHRFFXSDWLRQV ODVW ZKHQ SHRSOH DUH RIIHUHG WKH
RSSRUWXQLW\WRKDYHDQDFWXDOLQWHUDFWLRQ ZLWKD KHDOWKFDUHURERWDQGZKHWKHUWKHFXUUHQW
study’s effects replicate when people arHSUHVHQWHGZLWKDSK\VLFDOURERW
)LQDOO\LWLVSRVVLEOHWKDWZHIRXQGUHODWLYHO\OLWWOHHIIHFWVDQGVPDOOHIIHFWVVL]HV
GXHWRDUHODWLYHO\ORZVWDWLVWLFDOSRZHU:HKDGDUHODWLYHO\VPDOOVDPSOHFRQVLGHULQJWKH
QXPEHURIYDULDEOHVWKDWZHUHDVVHVVHG%HFDXVHWKLVZDVDILUVWH[SORUDWRU\VWXG\LQWKLV
UHVHDUFKDUHDZHGLGQRWKDYHD WKHRUHWLFDO EDVLVIRUH[FOXGLQJDQ\YDULDEOHV +RZHYHU
HYHQ WKRXJK RXU UHVXOWV VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ WKH UHVXOWV GR SURYLGH VRPH
LQWHUHVWLQJ SRLQWHUV IRU future studies into the effects of incidental emotions on people’s
perceptions of healthcare robots. Most important in this sense would be the role of coping
potential, which appeared to be an important factor in the current study. Apart from
attempting to replicate the current study’s results, it may be worthwhile to aim to replicate
results while controlling for variables that have been recognized earlier as factors that are
important in influencing people’s perceptions of robots (such as age, gender, culture,
cognitive ability, and experience with technology; see Broadbent et al., 2009 for a review).
In all, our findings seem to indicate that incidental emotions do not have a direct
but rather appear to have an LQGLUHFW influence on people’s perceptions of healthcare robots
as presented in the media. Emotions appear to influence perceptions of healthcare robots
LQGLUHFWO\ via appraised coping potential. Results emphasize the importance of people’s
feelings about their abilities and resources for coping with their emotion (i.e., their
appraised coping potential) in influencing their perceptions of healthcare robots. Thus, even
though common sense may suggest that healthcare robots would be appropriate for people
with positive emotions and inappropriate for people with negative emotions, the current
study appears to show that it matters much more that people feel they have the skills and
abilities to cope with their emotions for them to be open to a robot or not. Emotions as such
do not seem to influence people’s perceptions of (future) healthcare robots, but rather it
seems as though the extent to which theyEHOLHYH they can cope with their emotions does
influence their perceptions of such robots. And maybe one day, robots even may help us in
acquiring that belief as well.
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Appendix
Newspaper article (fictitious) about healthcare robot Alice
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