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ABSTRACT
This paper outlines the three-phase construction of the Startle and Surprise Inventories (Startle-I; 
Surprise-I) and Visual Analogue Scales for Startle and Surprise (Startle-VAS; Surprise-VAS). In Phase 
1, seven experts in the field assessed the content validity of 14 items for surprise, 7 items for 
startle derived from fundamental and applied literature. Elimination of items was based on a 50% 
agreement of relevance. In Phase 2, 81 participants completed the retained 19 items nine times, 
each time immediately after watching a video clip. A multilevel exploratory factor analysis was 
applied to assess the construct validity of items. In Phase 3, concurrent validity of the Startle-VAS 
and Surprise-VAS was tested by comparing with the Startle-I and Surprise-I scores, respectively. 
The first two phases yielded a 11-item two-factor solution, corresponding to the constructs of 
startle and surprise. These results supported Startle-I and Surprise-I as measures of self-report 
startle and surprise, with Startle-VAS and Surprise-VAS as efficient alternatives.

PRACTITIONER SUMMARY: This study aimed to develop and preliminarily validate the self-report 
measuring instruments for startle and surprise. Drawing on content validity reviews, multilevel 
factor analysis and concurrent validation, we identified psychometrically-sound measures. These 
instruments enable practical assessment in applied, safety critical settings, supporting research 
and training that require accurate measurement.

1.  Introduction

The leading cause of fatal aviation accidents world-
wide between 2004 and 2024 was Loss of Control 
In-flight (LOC-I) in commercial aviation (Airbus 2025). 
Although improvements to flight systems and automa-
tion have greatly increased flight safety in the last 
decades, unexpected situations still require human 
intervention. These include system malfunctions, 
unforeseen weather events and bird strikes (Banks 
et  al. 2022). Such events can be highly demanding and 
stressful for pilots (Stanton, Li, and Harris 2019). A fre-
quently cited contributing factor in accident investiga-
tion reports is inappropriate pilot flight control inputs 
or actions (International Air Transport Association 
2019). Pilots are required to assess situation, make 
sense of unexpected information, and take actions to 
maintain control of the aircraft. Startle and surprise 
have been contributing factors in LOC-I incidents and 
accidents, as upsets that occur in normal operations 

are unplanned and inadvertent, which could impact 
recognition or recovery (Casner, Geven, and Williams 
2013; Federal Aviation Administration 2015; Landman 
et  al. 2017b). To develop effective counter-measures, 
such as novel training methods or system interfaces, it 
is important to understand the responses of startle 
and surprise, as well as their effects on performance.

Startle refers to a coinciding physiological response 
elicited by a sudden, threatening, intense stimulus 
(Koch 1999). The startle reflex, typically within 20–50 
milliseconds after a stimulus (Dreissen et  al. 2012), 
involves the involuntary physiological reflexes and 
inhibition of muscular activities (e.g. eye-lid-closure, 
contraction of facial, neck and skeletal muscles; Koch 
1999; Rivera et  al. 2014), which can prepare the body 
for protection against adverse circumstances 
(Blumenthal 2015). If the threat persists, it is followed 
by the generalised stress response activated within  
the autonomic nervous system (Martin et  al. 2015), 
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including the release of cortisol, activation of the auto-
nomic nervous system, rapid breathing, accelerated 
heart rate, sensory arousal, increased systolic blood 
pressure and dilation of the pupils (Dreissen et  al. 
2012; Holand et  al. 1999; Jansen et  al. 1995; 
Papadimitriou and Priftis 2009). Startle can be trig-
gered by acoustic (e.g. sudden noises), electrical (e.g. 
cutaneous shock), tactile (e.g. air puff ), or visual (e.g. 
lightning flash) stimuli.

The evidence suggests that the immediate psycho-
motor impact of startle may induce brief disorienta-
tion and short-term psychomotor impairments 
(Nakagawara et  al. 2004). The startle response can 
inhibit muscular activity, but does not necessarily lead 
to degraded cognition (Civil Aviation Authority 2016). 
It was found that cognitive impairments could last for 
up to 30 seconds following a severe startle (Thackray 
and Touchstone 1983). Decreased information process-
ing capability, distracted attention and pre-empted 
working memory can cause deterioration of task per-
formance, which can result in lower performance accu-
racy and a considerable delay in decision-making 
(Eysenck et  al. 2007; Martin, Murray, and Bates 2012; 
Stokes and Kite 2017; Thackray and Touchstone 1983).

Surprise, on the other hand, is an emotional and 
cognitive response to unexpected events that are 
(momentarily) difficult to explain (Horstmann 2006; 
Meyer, Reisenzein, and Schützwohl 1997). Its primary 
evolutionary function is thought to monitor the appro-
priateness of one’s understanding of the world (Hansen 
and Topolinski 2011; Neisser 2014). When there is sur-
prise, there is also a certain degree of unpreparedness 
for what is to come. Being able to predict relevant 
events before they occur is essential for survival. 
Surprise is a function of the discrepancy between 
expectations and perceived information from the envi-
ronment, which can be positive, negative or neutral in 
valence (Noordewier, Topolinski, and Van Dijk 2016). 
When an individual is confronted with a surprising stim-
ulus, ongoing thoughts and activities could be inter-
rupted, and attention would be automatically directed 
to the surprising event (Horstmann 2006; Meyer, 
Reisenzein, and Schützwohl 1997). One’s understanding 
of the situation needs to shift in order for the situation 
to make sense again. These “reframing” efforts require 
effortful, goal-directed attentional processing (Landman 
et  al. 2017a). Such processing is vulnerable to the 
effects of stress (Eysenck and Calvo 1992). Stress may 
arise if the surprising event is threatening or startling, 
while the sense of uncertainty and lack of preparedness 
caused by the surprise may increase stress as well.

There exist methods to measure startle and surprise 
physiologically. The intensity of a startle response is 

widely measured through the eye-blink reflex. This can 
be done with surface electromyography(EMG), by 
which action potentials generated within the orbicu-
laris oculi muscle can be detected (Blumenthal et  al. 
2005). Additionally, potentiometric (Hoffman, Marsh, 
and Stitt 1980), photoelectric (Flaten and Blumenthal 
1998), vertical electro-oculographic (vEOG) (Gehricke, 
Ornitz, and Siddarth 2002) and magnetic search coil 
methods (Evinger and Manning 1993) can also mea-
sure eyelid movement. Beyond the blink reflex, pupil 
dilation is another physiological correlate of startle 
(Kinney and O’Hare 2020). Cardiovascular indicators, 
such as heart rate and blood pressure, have also been 
documented within 10 seconds of an acoustic startle, 
offering complementary autonomic markers (Holand 
et  al. 1999).

Surprise can be physiologically measured through 
the EEG P300 event-related potential (ERP) (Noordewier 
et al. 2016), pupil dilation and activation in subcortical 
regions associated with dopamine (Antony et  al. 2021). 
The P300 ERP originates in the anterior cingulate cor-
tex (ACC), and peaks in ACC activity occur in aversive 
defence responses in general (Hajcak and Foti 2008). 
Pupil dilation was considered to represent the global 
state of the brain during cognitive processing as an 
effect of stress rather than solely elicited by surprise 
(Henckens et  al. 2009). Pupil dilation related to sur-
prise (maximum around 500 ms after the stimulus) was 
reported to be slower than pupil dilation due to star-
tle (Kloosterman et  al. 2015).

Physiological measures provide objective, real-time 
assessments and can overcome certain inherent biases, 
such as socially desirable answering patterns (Tran 
et  al. 2007). However, the above-mentioned physiolog-
ical measures are not specific to startle or surprise, but 
reflect broader autonomic, neural activation and affec-
tive responses (Bradley and Lang 2000). While these 
techniques offer high temporal resolution, they cannot 
distinguish between a startle response and similar 
defensive reactions triggered by fear or stress (Grillon 
and Baas 2003). They are also uneconomic for applica-
tion to large numbers of participants (McCroskey 
1984), and some are impractical and invasive to apply 
in operational settings. Physiological measures are 
often only meaningful in relation to individual’s own 
baseline, and were found to be inconsistent with the 
subjective experience of the responses. For example, 
in a study testing the effect of surprise on pilots’ per-
formance (Landman et  al. 2017b), participants were 
found to show nearly similar levels of heart rate yet 
reported significant different levels of startle and sur-
prise between conditions. Thus, similar to the literature 
on experienced challenge and threat (Rossato et  al. 
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2018), validated self-report measures on startle and 
surprise are necessary to complement physiological 
measures and contribute to the study of relationships 
between physiological data, subjective experience and 
performance.

For surprise, the Differential Emotions Scale (DES-IV; 
Izard et  al. 1993) and the Positive and Negative Affect 
Schedule-Expanded Form (PANAS-X; Watson and Clark 
1994) have been developed with subscales for measur-
ing surprise. These two subscales consist of the same 
three items (i.e. How do you feel “surprised”, “amazed” 
and “astonished”?), which are rated on 5-point Likert 
scales pertaining to feelings at the moment or to a 
certain past time frame. DES-IV measures 12 funda-
mental emotions, in which surprise belongs to positive 
emotional factors. A principal component analysis with 
orthogonal varimax rotation (Izard et  al. 1993) and a 
confirmatory factor analysis (Kotsch, Gerbing, and 
Schwartz 1982) supported that these three items 
loaded on a separate construct referring to other 
affects. The set of three items was stable across time, 
with a test-retest coefficient of r = 0.61 over a 6-month 
interval (Ricard-St-Aubin et  al. 2010). However, the 
subscale only showed moderate internal consistency 
(Cronbach’s α = 0.65), likely due to the small number of 
items (Watson and Vaidya 2003).

The same three items are also included in PANAS-X 
to measure surprise, except that surprise is treated as a 
specific affect, neither positive nor negative. Internal 
consistency was found to be slightly higher than the 
Surprise subscale in DES-IV, with Cronbach’s α = 0.72 to 
α = 0.80. Test-retest coefficient over a 2-month interval 
was lower (r = 0.23) referring to the time frame “past 
week”, and higher (r = 0.52 − 0.56) to “in general” (Watson 
and Clark 1994). The mean scores on surprise were the 
lowest compared to other affects in the PANAS-X over 
different samples (Watson and Clark 1994). Surprise 
was also the only subscale for which self-ratings did 
not correlate significantly with peer-ratings (r = 0.14). 
The relatively low stability and low mean scores could 
be explained by surprise being a transient emotional 
state, which relates to a specific stimulus, which was 
not provided during these studies. For this reason, the 
question asked whether participants felt surprised “in 
general” appears difficult to answer in comparison to 
items in other subscales such as “Fatigue” or “Shyness”. 
In addition, there is no peer-reviewed report on a sys-
tematic methodology for the items selection in DES-IV 
or PANAS-X. Besides the use of these multi-item sub-
scales, researchers have used single-item scales to 
measure self-report surprise (Meyer et  al. 1991; 
Reisenzein 2013), however, these measures have not 
been validated in a systematic way yet.

Concluding, for measuring startle there has been 
no systematic attempt to develop and validate a 
self-report measure. For measuring surprise, items in 
existing scales were not selected in a systematic man-
ner and the scales were not developed nor validated 
to specific stimuli, even though the concept of sur-
prise, in contrast to other affects, only makes sense 
referring to a stimulus or event. The goal of the cur-
rent study is therefore to systematically develop mea-
sures for self-report startle and surprise. Accordingly, 
this study consists of three sequential phases which 
describe the development and preliminary validation 
of the multi-item Startle and Surprise Inventories 
(Startle-I; Surprise-I) as well as the single-item Visual 
Analogue Scales for Startle and Surprise (Startle-VAS; 
Surprise-VAS).

2.  Method

2.1.  Participants

Students and employees (N = 82) from Delft University 
of Technology were recruited. They were invited via 
flyers, and received a compensation gift worth 5 euros. 
Data of one of the participants was excluded because 
this participant did not read the items accurately 
enough, and missed the reverse-coding of some items 
(remaining N = 81). The participants ranged in age from 
19 to 63 years, in which 74.1% were male (M = 27.2, 
SD = 7.9) and 25.9% were female (M = 25.0, SD = 3.1). All 
participants declared that they possessed basic profi-
ciency in English reading. The Research Ethics 
Committee of Delft University of Technology approved 
the research design (No.2718). Informed consent was 
obtained from all participants.

2.2.  Procedure

2.2.1.  Phase 1: Items set generation and content 
validity
An initial set of 14 items for surprise, and 7 items for 
startle (see Table 1) were formulated based on funda-
mental and applied literature on startle (Blumenthal 
1988; Bradley, Moulder, and Lang 2005; Koch 1999; 
Lang, Bradley, and Cuthbert 1990; Martin et  al. 2015) 
and surprise (Izard et  al. 1993; Klein et  al. 2007; 
Landman et  al. 2017a; Meyer, Reisenzein, and 
Schützwohl 1997; Rivera et  al. 2014), among which 
Items 1 and 8 for surprise were derived from the 
DES-IV (Izard et  al. 1993) and PANAS-X (Watson and 
Clark 1994). The item “amazed” was not included due 
to it being likely associated with positive valence (i.e. 
“amazing” is often a positive expression). We aimed for 



4 J. CHEN ET AL.

a measure that could equally well be applied to sur-
prise of positive, negative, or neutral valences.

The content validity of each item was examined by 
letting seven independent experts in the fields of 
Cognitive Science and Psychology review the items. 
Experts indicated whether each item is relevant for 
measuring the experience of startle or the experience 
of surprise. The relevance score for each item was then 
calculated as the percentage of experts who rated the 
item as relevant. Experts were also invited to provide 
open comments on the formulation of the set of items. 
An item was retained if at least 50% of the experts 
considered that item to be relevant for its construct 
(DeVellis 2012).

2.2.2.  Phase 2: Multilevel exploratory factor analysis
In Phase 2, the factor structure of the 19 items remain-
ing from Phase 1 was explored by letting participants 
complete these items nine times, each time immedi-
ately after watching one of the nine video clips (details 
in Section 2.3). The retained 19 items were arranged 
and presented in a randomised order, so that partici-
pants had no information on whether items were 
intended to measure startle or surprise.

Participants sat in a secluded room, received verbal 
instructions outlining the experiment procedure, the 
concepts of startle and surprise, and the list of items. 
Startle was explained as “a rapid, involuntary reaction 
to an abrupt and intense stimulus, that is typically per-
ceived as a threat”, and surprise was described as “a 
cognitive-affective response evoked by an unexpected 

stimulus or event”. These definitions were supple-
mented with practical, real-world examples to clarify 
the underlying mechanisms and implications.

They were instructed to circle the number on a 
5-point Likert scale that best represents their agree-
ment with each statement. Participants indicated 
whether they (1) “Strongly disagreed”, (2) Disagreed”, 
(3) felt “Neutral”, (4) “Agreed” or (5) “Strongly agreed” 
with each item using pen on the paper version of the 
measures. The specific event or stimulus of nine video 
clips that “it” in each item refers to is shown in the 
third column of Table 2.

2.2.3.  Phase 3: the Visual Analogue Scales for 
Startle and surprise
After completing the items following each video, par-
ticipants also provided ratings on the Startle-VAS and 
Surprise-VAS by answering the question “How star-
tled were you by [the stimulus]?” and “How surprised 
were you by [the stimulus]?”, where the specific stim-
ulus or event in the preceding video clip (see the 
third column of Table 2) was inserted at [the stimu-
lus]. The Startle-VAS and Surprise-VAS consisted of 
horizontal lines of 10 cm long, with tick marks at 1 cm 
intervals labelled “0” (left endpoint) to “10” (right end-
point). The left endpoint was additionally labelled 
with, “not startled at all” and “not surprised at all”, 
respectively, and the right endpoint was labelled with, 
“extremely startled” and “extremely surprised”, respec-
tively. Participants were required to place a cross on 
the line as answer to the question and the resulting 
score was the distance of the cross to the left end-
point in centimetres.

2.3.  Video stimuli

To induce a variety of startle and surprise responses, 
nine video clips were selected from the internet. 
Table  2 summarises the description of the video clips 
and links where the videos can be viewed. Predictably 
surprising videos were selected based on instilling an 
incorrect expectation with regards to upcoming events. 
Startling videos were aimed to increase attentional 
focus on a location or object in the video, and then 
induced a jump-scare by the sudden appearance of 
something possibly fear-inducing, which coincided 
with a loud noise. Videos aimed at neither startling or 
surprising did not contain jump scares and showed a 
sequence of events that were predictable. More videos 
were included to induce surprise (n = 6) than startle 
(n = 3), as we expected that surprise would be less reli-
ably induced than startle.

Table 1.  The initial set of items and their relevance scores.
Item %
Initial set of items for surprise
1. It surprised me. 85.7
2. It was consistent with my expectation.a 85.7
3. I was taken aback by it. 85.7
4. I did not understand why it happened. 100.0
5. I predicted it beforehand.a 85.7
6. Initially, it made no sense to me. 71.4
7. I did not see it coming. 100.0
8. It astonished me. 85.7
9. Initially, I was confused about it.c 85.7
10. It bewildered me. 57.1
11. It made my jaw drop.b 42.9
12. I was not mentally prepared for it. 85.7
13. It was unexpected. 100.0
14. It made me feel wide-eyed.b 28.6
Initial set of items for startle
15. It startled me. 85.7
16. �It immediately made me feel scared or angry.c 71.4
17. It shocked me. 85.7
18. It stunned me. 85.7
19. It made me physically flinch. 85.7
20. �It caused my heart to suddenly beat harder or faster. 100.0
21. �It immediately caused stress or frustration to me.c 85.7
aItem is reverse-coded.
bItem was removed in Phase 1.
cItem was rephrased.
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The order in which the video clips were presented 
was counterbalanced between participants using the 
Latin square method (Hinkelmann and Kempthorne 
2007) to reduce systematic error, except for Monster1 
and Monster2 which were always presented in 
sequence to ensure that Monster2 was not surprising. 
A 120-second recovery period was imposed following 
the completion of the scales after each intended star-
tling video clip (i.e. Monster1, Monster2 and Spider).

2.4.  Apparatus

In Phases 2 and 3, participants were presented the 
video clips on a desktop computer screen (Dell 
P2414HB) with noise-cancelling headphones (Sony 
WH-XB910N). The sound volume was set to a fixed 
level for all participants at the start of each video clip.

2.5.  Statistical analyses

A full set of data was obtained in Phase 2 and was 
preprocessed by reversing the scores on items that 
were reverse-coded (Items 2 and 5). To examine the 
suitability of the dataset for factor analysis, Kaiser–
Meyer–Olkin measure of Sampling Adequacy (KMO = 

0.93) and Bartlett’s test of Sphericity were checked 
(p < 0.001).

A two-way ANOVA was conducted for each item to 
examine the proportion of variance that was attribut-
able to differences between participants (Factor 
“Participant”) and differences between videos (Factor 
“Video”).

The factor structure of the items set was then ana-
lysed by performing a multilevel exploratory factor 
analysis (ML-EFA; Reise et  al. 2005) with a 
repeated-measures design that was clustered per video 
clip. The factor analysis was performed both on the 
within (video)-level (i.e. variation from differences 
between participants) and the between (video)-level 
(i.e. variation from differences between video clips). An 
oblique, direct oblimin rotation was used to allow the 
factors to be correlated (Tabachnick, Fidell, and 
Ullman 2013).

Factor extraction at the within- and between-level 
was conducted based on: (a) eigenvalues greater than 
1.0 (Kaiser’s criterion; Kaiser 1958), (b) unique loadings 
of 0.400 and above, and (c) exclusion of items with 
cross-loadings > 75%. In addition, the scree plot was 
examined to help inform a decision about the number 
of factors to retain. Items were removed one at a time 

Table 2.  A description of the video clips.

ID Description Specific stimulus
Intended 
response Duration URL

Tumbler From the perspective of looking out of a 
washing machine tumbler, a man fills the 
machine and turns it on. Instead of the tumbler, 
the room starts to spin with objects falling, and 
the man holds on to the tumbler.

The room
beginning to spin

Surprise 16s https://youtube.com/shorts/
kdjlmnsJQvc?feature=share

Clouds A man appears to jump off a ridge above the 
clouds into the depths, but then hits the 
surface of a pond. The clouds were a reflection 
in the pond.

The man jumping
into the water

Surprise 10s https://youtu.be/7p_iFLK9Idg

Monster1 A car drives down a mountain road and 
disappears behind trees. A zombie-like monster 
suddenly appears on the screen with a loud 
scream

The appearance of 
the monster

Startle and 
surprise

17s https://youtu.be/fMPnWl0o4Yc

Monster2 A repetition of Monster1, whereas participants 
are informed that the same video is shown again.

The appearance of 
the monster

Startle 17s https://youtu.be/fMPnWl0o4Yc

Pill White pills are shown laying on a table. A 
screwdriver appears and unscrews one of the pills 
out of the table. The pill was apparently a screw.

The ‘pill’ being a 
screw

Surprise 9s https://youtu.be/U3VxQSUioMU

Spider A man is trying to catch a huge spider on the 
wall with a pan. The spider is shown to 
suddenly jump at the camera using 
computer-generated imagery, which coincides 
with a loud scream.

The spider 
jumping at you

Startle and 
surprise

14s https://youtu.be/6em7aIoF5fI

Puppy A puppy gives a high-five to a person with its 
right paw and then with its left paw.

The dog giving a 
second high five

Neither startle 
nor
surprise

12s https://youtu.be/ZeJEVbpn8d8

Baseball man seemingly swings a baseball from a stand 
in slow motion. When connecting, the ball falls 
to the ground in normal speed. The man was 
apparently just moving very slowly, and the 
video was filmed in normal speed.

The baseball not 
flying away

Surprise 8s https://youtu.be/Df_sk92u4lM

Window A boy is repetitively kicking a football against a 
wall of a house, just missing the windows. After 
a few kicks, he hits and breaks a window

The football 
hitting the 
window

Neither startle 
nor
surprise

12s https://youtu.be/IkXMQznN5ck

https://youtube.com/shorts/kdjlmnsJQvc?feature=share
https://youtube.com/shorts/kdjlmnsJQvc?feature=share
https://youtu.be/7p_iFLK9Idg
https://youtu.be/fMPnWl0o4Yc
https://youtu.be/fMPnWl0o4Yc
https://youtu.be/U3VxQSUioMU
https://youtu.be/6em7aIoF5fI
https://youtu.be/ZeJEVbpn8d8
https://youtu.be/Df_sk92u4lM
https://youtu.be/IkXMQznN5ck
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until the loadings of all remaining items were > 0.400, 
and cross-loadings were < 75%. Also, the proportion 
of the total variance explained by the retained factors 
must be greater than 50% (Streiner 1994). Items were 
excluded from the final inventory if they showed insuf-
ficient loading on factors at either the within- or 
between-level.

The goodness of model fit was evaluated by the 
model χ2 test (Satorra and Bentler 2001), Comparative 
Fit Index (CFI; Bentler 1990), Tucker–Lewis Index 
(TLI; Marsh, Balla, and McDonald 1988), Root Mean 
Square Error of Approximation (RMSEA; Steiger 
1990) and Standardised Root Mean Square Residual 
(SRMR; Muthén 1994). Acceptable model fit was 
supported by a non-significant χ2, CFI and TLI values 
greater than 0.95, as well as RMSEA and SRMR (both 
within- and between-level) values below 0.10 
(Kline 2023).

All analyses were performed using the Mplus soft-
ware version 8.10 (Muthén and Muthén 1998–2017). 
Observations on Likert scales were set as ordered cat-
egorical (ordinal) variables instead of continuous for 
factor analysis on both levels (Bolton et  al. 2022).

To test concurrent validity of the Startle-VAS and 
Surprise-VAS, Spearman’s correlations were computed 
by comparing with the averaged scores of the two fac-
tors retained in Phase 2, respectively. Correlations were 
computed over predicted startling or surprising stim-
uli, considering wider startle or surprise range of 
observations. Predicted non-surprising or non-startling 
stimuli were not included in this analysis because the 
expected low variation in observations would bias the 
correlation results. Spearman’s correlation of ρ > 0.30 
(p < 0.01) was considered as significant to establish 
validity (Cohen 2013).

3.  Results

3.1.  Phase 1: Items set generation and content 
validity

The initial set of formulated items and percentage of 
indicating relevance from experts are shown in Table 
1. Two items were removed based on the 50% rele-
vance criterion: Item 11 “It made my jaw drop.” and 
Item 14 “It made me feel wide-eyed.”, both originally 
referring to surprise. Based on the experts’ open com-
ments, wordings were changed for Item 9 (previously: 
“I was confused about why it happened.”), Item 16 
(previously: “It made me suddenly feel scared or 
angry.”), and Item 21 (previously: “It caused a quick 
burst of stress or frustration in me.”).

3.2.  Phase 2: Multilevel exploratory factor 
analysis

3.2.1.  Two-way ANOVA and ICCs
The two-way ANOVA results, shown in Table 3, reveal 
that the variation explained by Factor Video was gen-
erally larger than that by Factor Participant (26.84% > 
20.50%). As a consequence, data were then clustered 
over video clips for the ML-EFA.

Intraclass correlation coefficients (ICC; Johnson and 
Koch 2011) were estimated for each item, which indi-
cate the proportion of variation in responses to each 
item that is due to differences between videos. The ICCs 
are shown in the rightmost column in Table 3. Although 
most of the variation in these items was due to differ-
ences within videos, rather than between video clips 
(i.e. all ICCs < 0.5), there was considerable variation 
caused by different video clips (i.e., ICC > 0.05; Reise 
et  al. 2005). The differences between ICCs also hint at 
possible differences in the outcomes of the following 
within- and between-level exploratory factor analysis.

3.2.2.  Multilevel exploratory factor analysis
The final ML-EFA solution with two within (video)-level 
factors and two between (video)-level factors is shown 
in Table 4. In the within-level analysis, Items 8 and 10 
were removed as they loaded on more than one factor 
with loadings greater than 0.400. Item 12 was excluded 
due to high cross-loading. Items 4, 6 and 9 were 
removed due to loading on a third factor. In the 
between-level analysis, Items 3, 8, 10, 12 and 18 were 
removed because these items loaded on more than 
one factor with loadings greater than 0.400. The 
remaining items loaded on the two expected factors, 
which were the same as found in the within-level. 
Factors 1 and 2 from the within-level factor analysis 
mapped on to the constructs of Startle and Surprise. 
Items loading on Factors 1 and 2 at the within-level 
(i.e. Factor 2 and 1 at between-level) will henceforth 
be referred as the Startle Inventory (Startle-I) and 
Surprise Inventory (Surprise-I).

In this solution, the largest factor loading for each 
item at the within-level ranged from 0.689 to 0.970, 
and 0.935 to 1.013 at the between-level, suggesting 
meaningful and significant factor loadings. Further evi-
dences for the goodness of model fit are the 
non-significant chi-square test (χ2 = 51.508; df = 68; 
p = 0.932), CFI = 1.000, TLI = 1.211, RMSEA = 0.000 and 
SRMR of 0.046 and 0.008 at within-level and 
between-level, respectively.

At the within-level, an 11-item two-factor solution 
explained a total of 78.57% of the variance, with  
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Factor 1 (Startle) contributing to 53.26% and Factor 2 
(Surprise) contributing to 25.31% of the variance. The 
correlation between these two factors was positive 
and significant (ρ = 0.316, p < 0.001). At the between- 
level, the 11-item two-factor solution explained a total 
of 96.72% of the variance, with Factor 1 (Surprise) 

contributing to 62.26% and Factor 2 (Startle) contrib-
uting to 34.46% of the variance. The correlation 
between these two factors was not significant (ρ = 
−0.199, p = 0.637).

Data from the 81 participants were also used to 
establish the reliability. Cronbach’s α coefficients 

Table 3.  The two-way ANOVA results and estimated intraclass correlation coefficients (ICC) for each item.
Item Factor Sum of square Variation (%) F ICC

Item set for surprise
1. It surprised me. Participant 58.02 10.97 1.61 0.333

Video 495.33 34.38 50.32
2. It was consistent with my expectation. Participant 156.99 9.73 1.45 0.391

Video 592.49 36.72 54.85
3. I was taken aback by it. Participant 268.40 26.07 3.54 0.159

Video 154.49 15.00 20.37
4. I did not understand why it happened Participant 367.59 29.83 4.18 0.207

Video 161.54 13.11 18.37
5. I predicted it beforehand. Participant 140.06 7.79 1.07 0.367

Video 613.99 34.13 47.02
6. Initially, it made no sense to me. Participant 345.51 28.93 4.13 0.156

Video 180.17 15.09 21.56
7. I did not see it coming. Participant 162.11 10.12 1.38 0.347

Video 497.84 31.08 42.29
8. It astonished me. Participant 289.33 26.88 3.63 0.176

Video 150.09 13.94 18.85
9. Initially, I was confused about it. Participant 215.39 18.18 2.36 0.223

Video 239.81 20.24 26.29
10. It bewildered me. Participant 309.90 35.30 4.90 0.087

Video 61.85 7.05 9.78
12. I was not mentally prepared for it. Participant 296.10 27.09 3.57 0.135

Video 133.19 12.19 16.05
13. It was unexpected. Participant 160.00 10.01 1.53 0.384

Video 601.70 37.63 57.50
Item set for startle
15. It startled me. Participant 183.28 12.77 2.89 0.497

Video 744.79 51.91 117.58
16. It immediately made me feel scared or Participant 178.25 19.09 3.02 0.329
    angry. Video 283.90 30.40 48.15
17. It shocked me. Participant 277.65 27.34 4.56 0.246

Video 251.41 24.75 41.33
18. It stunned me. Participant 334.10 35.11 5.74 0.177

Video 152.30 16.00 26.19
19. It made me physically flinch. Participant 174.44 12.31 2.53 0.467

Video 692.17 48.83 100.51
20. It caused my heart to suddenly Participant 225.14 17.50 3.52 0.414
    beat harder or faster. Video 550.00 42.75 86.01
21. It immediately caused stress or Participant 221.57 24.46 3.85 0.276
    frustration to me. Video 223.59 24.68 38.83
Average Participant 20.50

Video 26.84

Table 4.  Final factor loadings of items in the multilevel exploratory factor analysis (ML-EFA).
Within (video)-level Between (video)-level

Item Factor 1 Factor 2 Factor 1 Factor 2

15. It startled me. 0.867 −0.018 −0.053 0.990
19. �It made me physically flinch. 0.944 −0.054 −0.070 0.983
20. �It caused my heart to suddenly beat harder or faster. 0.841 0.006 −0.101 0.971
16. �It immediately made me feel scared or angry. 0.894 0.002 −0.027 0.994
17. It shocked me. 0.689 0.284 0.356 1.013
21. �It immediately caused stress or frustration to me. 0.857 −0.019 −0.212 0.945
1. It surprised me. 0.155 0.774 0.999 0.143
2. �It was consistent with my expectation.a −0.049 0.925 0.969 −0.122
5. �I predicted it beforehand.a −0.153 0.970 0.935 −0.201
7. �I did not see it coming. 0.087 0.828 1.000 −0.015
13. �It was unexpected. 0.116 0.850 1.011 0.058

Note. Factor loadings above 0.400 are in bold.
aItem is reverse-coded.
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suggested that items under each factor possess accept-
able to excellent high internal consistency, α = 0.714 to 
α = 0.929 for Startle-I, and α = 0.843 to α = 0.955 for 
Surprise-I across video clips (Table 5).

Another ML-EFA was done using the data as contin-
uous instead of ordinal under the same factor 
extraction criterion. The results wre consistent with the 
ordinal analysis, with the exception that Item 18 
loaded onto the Factor Startle at the between level. 
Notably, this item had been just below the inclusion 
threshold in the ordinal analysis with a factor loading 
of 0.409, which is only slightly larger than the exclu-
sion threshold of 0.400.

3.3.  Phase 3: the Visual Analogue Scales for 
startle and surprise

The VAS scores from one participant on Tumbler and 
Clouds were missing, resulting in one value less for 
these videos. Table 6 lists the Spearman’s correlation 
coefficients between the Startle-VAS and Startle-I, and 
Surprise-VAS and Surprise-I for predicted startling and 
surprising stimuli, respectively. For startle, the ratings 
of Startle-VAS highly correlated with the scores from 
the Startle Inventory, ranging from ρ = 0.778 ρ = 0.877. 
All correlations were highly significant (p < 0.001). For 
surprise, high correlations were found between 
Surprise-VAS and Surprise-I, ranging from ρ = 0.681 to 
ρ = 0.903. All correlations were highly significant 
(p < 0.001).

3.4.  Responses to the stimuli

For the inventories, the scores of all items in each 
inventory were averaged to obtain a total score rang-
ing from 1 to 5. Responses of startle and surprise in 
the form of inventories and VASs over nine stimuli are 
shown in Figure 1 as pirate plots. These plots repre-
sent the mean values (square markers with labels), 
interquartile range (IQR) in black lines, and distribution 
of ratings across different scenarios. The plots illustrate 
that the ratings for startle were consistent across video 
stimuli on the inventory and the VAS. However, sur-
prise ratings on the VAS were systematically lower 
than those on the inventory.

The averaged values (with standard deviations) for 
each video across participants are shown in Figure 2a 
based on the Startle and Surprise Inventories, and in 
Figure 2b derived from the Visual Analogue Scales for 
Startle and Surprise. The selected stimuli vary in the 
level of startling and surprising as intended, indicating 
the selection of stimuli to evoke the desired responses 
was generally successful. The high variation in 
responses to each video facilitates the application 
of ML-EFA.

4.  Discussion

The purpose of this study was to develop and validate 
self-report measures of startle and surprise in human 
factors research. From three sequential phases, a 
Startle Inventory, a Surprise Inventory, and the more 
efficient Visual Analogue Scales for Startle and Surprise 
were developed and preliminarily validated. The initial 
items set was formulated based on fundamental and 
applied literature, content validity was tested by ask-
ing seven experts to rate the items’ relevance (Phase 
1). The construct validity of the retained items (Phase 
2) and the concurrent validity of the visual analogue 
scales (Phase 3) were tested by obtaining ratings 
(N = 81) for nine stimuli which varied in extent of being 
startling or surprising.

The construct of Startle was supported by the 
within-level and between-level exploratory factor anal-
ysis, and contains six items: “It startled me.”, “It made 
me physically flinch.”, “It caused my heart to suddenly 
beat harder or faster.”, “It immediately made me feel 
scared or angry.”, “It immediately caused stress or frus-
tration to me.” and “It shocked me.”. In line with litera-
ture (Blumenthal 2015; Koch 1999; Martin et  al. 2015), 
these items refer to physiological as well as psycholog-
ical aspects of startle. In Phase 1, two items were 
worded slightly differently based on the experts’ feed-
back. In Phase2, only the Item 18 “It stunned me.” was 

Table 5.  The Cronbach’s α of the Startle-I and Surprise-I per 
video clip.
ID Startle-I Surprise-I

Tumbler 0.815 0.911
Clouds 0.859 0.909
Monster1 0.914 0.955
Monster2 0.929 0.843
Pill 0.714 0.935
Spider 0.884 0.910
Puppy 0.903 0.856
Baseball 0.754 0.936
Window 0.845 0.862

Table 6. C orrelations between the Startle-VAS and Startle-I, 
and the Surprise-VAS and Surprise-I.
ID Startle-VAS vs. Startle-I Surprise-VAS vs. Surprise-I

Tumbler – 0.729*
Clouds – 0.743*
Monster1 0.797* 0.903*
Monster2 0.877* –
Pill – 0.681*
Spider 0.778* 0.723*
Puppy – –
Baseball – 0.747*
Window – –

*p < 0.001 (2-tailed).
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Figure 1.  The responses of startle and surprise measured by inventories and VASs across nine video stimuli.
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removed. Items in the construct of Startle possessed 
high internal consistency, αStartle = 0.714 to αStartle 
= 0.929.

The construct Surprise stemmed from items loading 
in both the within-level and between-level analysis, 
containing five items: “It surprised me.”, “It was consis-
tent with my expectation.”(reverse-coded), “I predicted 
it beforehand.” (reverse-coded), “I did not see it com-
ing.”, and “It was unexpected.”. In Phase 1, Items 11 and 
14 referring to (sensed) facial expressions of surprise 
were removed. In Phase 2, Items 3, 4, 6, 8, 9, 10, 12 
were removed. Differences in interpreting the wording 
may have caused relatively high contribution of indi-
vidual differences in Item 3 (“taken aback”), Item 8 
(“astonished”), Item 10 (“bewildered”), Item 17 
(“shocked”) and Item 18 (“stunned”), as seen from the 
relatively low ICCs in Table 3. These items, except for 
Item 17, were removed based on the factor extraction 
criterion. “Feeling not mentally prepared” (Item 12) was 
removed due to high cross-loading. Items in the con-
struct of Surprise possessed high internal consistency, 
αSurprise = 0.843 to αSurprise = 0.955. Interestingly, the 
item “astonished”, which was derived from the existing 
DES-IV and PANAS-X, was removed in our analysis.

Item 4 “I did not understand why it happened.”,  
Item 6 “Initially, it made no sense to me.” and Item 9 
“Initially, I was confused about it.” were removed as 
they loaded on a third factor at the within-level, even 
though they clustered with the construct Surprise at 
the between-level. Apparently, these three items were 
related to the experience of surprise when different 
videos were compared, but not when different partic-
ipants within one video were compared. This finding 
conflicted with our hypothesis that surprise would be 
characterised by a (brief ) moment of confusion and 
requirement to reframe (Klein et  al. 2007; Landman 

et  al. 2017a; Noordewier et al. 2016). Possibly, some 
participants were more likely than others to indicate 
incomprehension by surreal videos (e.g. Monster1) 
rather than surprise. Others may have rated such vid-
eos as easy to understand as they took the scripted 
nature of these videos into account instead of the 
realism of the events. We therefore recommend using 
real (non-scripted) events in future research on sur-
prise to better control for this possibility. Another 
potential cause of this third factor is that some partic-
ipants may have experienced cognitive impairment 
due to startle. Some participants were observed to 
reflexively jump up and raise their hands when watch-
ing the Monster1 or Spider, and were possibly likely 
to indicate high initial incomprehension as well as 
high startle.

In Phase 3, the Startle-VAS and Surprise-VAS were 
developed and tested as efficient alternatives of the 
Startle-I and Surprise-I. High consistencies were found 
between the Startle-VAS and Startle-I, as well as 
Surprise-VAS and Surprise-I. Note that without further 
study, it is unlikely to consider Visual Analogue Scales 
for Startle and Surprise to be less or more accurate 
compared to Startle and Surprise Inventories. While 
the scores for inventory and VAS over stimuli were 
similar for startle, surprise was systematically rated 
lower on the VAS total range compared to the inven-
tory total range (see Figure 1). This could be caused 
by the two reverse-coded inventory items (Items 2 
and 5) measuring the experienced predictability. An 
event may be experienced as unsurprising but also 
as unpredictable, leading to a higher score on the 
VAS than on the inventory. A visual analogue scale 
ranging from “highly expected” to “highly surprising” 
could possibly be more aligned with the inven-
tory scores.

Figure 2.  The averaged (±SD) startle and surprise ratings of the nine video clips across participants.
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In this study, we tested responses on the items set 
to multiple stimuli with varying degrees of startling 
and surprising, while considering dependence between 
responses from the same participant. From ML-EFA, 
within-level and between-level variations were prop-
erly taken into account. The outcomes of the two-way 
ANOVA and ICCs illustrate the necessity of ML-EFA, in 
which the within- and between-level factor analysis 
may capture different constructs. The structure of the 
items was explored and the items set was reduced 
until satisfactory loading on factors was achieved 
using data collected in a repeated-measures context. 
The video stimuli were generally successful in eliciting 
the desired startle or surprise responses (Figure 2) and 
leading to sufficiently high variation between partici-
pants and videos, such that the correlation structure 
between inventory items could be analysed in an 
extensive manner.

From a compositional standpoint, the Startle and 
Surprise Inventories are the first that ground the expe-
rience of startle and surprise to specific stimuli or 
event. Since startle and surprise responses have a 
potential impact on performance and negatively affect 
safety, the developed measures may help to better dis-
tinguish the definitions of these responses as used in 
operational practice, for instance in the domain of avi-
ation (Rivera et  al. 2014). In addition, the measures are 
useful to further test and explain some of the (ambig-
uous) findings in the literature. Detailed instructions 
for administering the Startle and Surprise Inventories 
as well as the Visual Analogue Scales for Startle and 
Surprise can be found in the instruction manual (Chen 
et  al. 2025).

For the Startle-I and Surprise-I, content validity and 
construct validity have been examined, and high internal 
consistency was found in both inventories. For the 
Startle-VAS and Surprise-VAS, concurrent validity was 
tested by comparing with the Startle-I and Surprise-I, 
respectively. Future research could explore the 
criterion-related validity of both measures by comparing 
outcomes with those of objective measures, such as 
physiological responses (e.g. electromyography, gaze 
behaviour; Ryffel et  al. 2019) or behavioural markers (e.g. 
reaction time, micro-expressions). Additionally, opera-
tional relevance should be further tested by stimuli pre-
sented in a more ecologically-valid environment. 
Test-retest reliability could be performed for the startle 
measures, with sufficient time between stimuli to account 
for habituation. For surprise, such checks do not seem 
feasible, at least not with the same stimuli, as surprise 
depends by definition on novelty and unexpectedness.

5.  Conclusion

Previous self-report measures of startle and surprise 
lacked systematic development and psychometric vali-
dation, resulting in suboptimal assessments. To address 
this gap, we introduced the Startle-I and Surprise-I, 
which were designed using a systematic construction 
process aimed at improving the validity and reliability 
of self-report startle and surprise. These new measures 
provide a more robust foundation for the quantitative 
assessments. The Startle-VAS and Surprise-VAS were 
developed as rapid and efficient alternatives. The 
developed measures can be applied to test the effects 
of startle and surprise on performance, to check the 
effectiveness of startle and surprise exposure training 
or testing scenarios.
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