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Introduction 
Decisions are made almost every second. For example, 

we must decide which goods to purchase, which direction 
to explore, and which risks to avoid. Many studies have 
examined the decision-making process, and many models 
predict people ’ s decisions under various conditions 
(Dekay & Kim, 2005; von Neumann & Morgenstern, 
1944). However, the degree to which the bottom-up pro-
cess can influence these decisions remains unknown, es-
pecially when the decisions involve uncertainty and risk in 
investment activities (Sui, et al., 2020). The current study 

is aim to test the boundary of the gaze-orientation effect on 
risky investment decisions.   

Risky decisions are used to study how people make de-
cisions, and many models have been provided. For exam-
ple, the expected utility model suggests that people are ra-
tional and make decisions by evenly calculating and com-
paring the value of each option to receive maximal benefits 
(von Neumann & Morgenstern, 1944). Later research in-
dicated that people use heuristic processes to make deci-
sions as per the noncompensatory model (Simon, 1955, 
1956). Heuristics as shortcuts can reduce the complexity 
of decision making by allowing the decision maker to fo-
cus on the most critical information (Brandstätter et al., 
2006). However, more recent studies have found evidence 
that contradicts the holistic model (Birnbaum, 2008; Birn-
baum & LaCroix, 2008; Glöckner & Herbold, 2011; 
Glöckner & Pachur, 2012; Hilbig, 2008). Recent study 
done by Su et al., (2013) compare the calculation process 
with the risk choice process, and their result showed that 
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the eye-movement of risky choice task were different from 
the mere calculation process. These results suggested that 
many factors could influence people’s decisions. For ex-
ample, people may be distracted by salient stimuli (sali-
ence effect), surface characteristics (framing effect), and 
subconscious processes (priming effect) (Kuo et al., 2009; 
Milosavljevic et al., 2012).  

The latest studies have focused on the importance of 
gaze duration. A psychological phenomenon known as the 
mere-exposure effect (Zajonc, 2001), suggests that extend-
ing exposure can induce individual preferences. Based on 
this phenomenon, Shimojo et al. (2003) presented the 
gaze-cascade model, showing a positive relationship be-
tween fixation duration and preference for a particular 
face, suggesting that people’s fixation duration can influ-
ence their preferences. Many studies showed that the 
longer fixation can predicted people’s preference on pic-
tures (Schotter et al., 2010; Glaholt & Reingold, 2011). 
Researcher further manipulated the presented time of each 
option to test the causal relationship between the fixation 
and people’s preference on face (Shimojo et al., 2003); 
foods (Armel et al., 2008); and products (Milosavljevic et 
al., 2012).  

However, previous studies testing the causal relation-
ship between gaze duration and final choice were limited 
in that they only manipulated the presentation time of each 
stimulus. This enables participants to detect the intent of 
these studies, which may cause demand effects (Newell & 
Le Pelley, 2018). Therefore, to effectively avoid such de-
mand effects, Pärnamets et al. (2015) developed a novel 
gaze-contingent prompt paradigm, which passively ma-
nipulates participants’ gaze times. Using the eye-tracking 
technique to record participants’ eye movements, partici-
pants were presented two alternative options simultane-
ously and were required to make a decision when their 
gaze on the randomly selected option (target option) 
reached the time limit. This paradigm assumes that people 
will accumulate stochastic evidence for one of the two op-
tions and thus make their decision when the accumulated 
evidence reaches a threshold. Therefore, the option that in-
cludes a longer process would become more preferable. 
Many researchers have used this paradigm, showing that 
gaze duration can manipulate moral judgment decisions 
(Pärnamets et al., 2015), perceptual judgments (Newell & 
Le Pelley, 2018), gambles (Stewart et al., 2016), and risky 
choices (Ashby et al., 2018; Sui et al., 2020). 

However, research has also suggested that the effect of 
gaze duration has a boundary. For example, Shimojo et al. 
(2003) found that the gaze cascade effect was stronger 
when participants were asked to choose their preference 
between two faces with similar attractiveness than to de-
cide which face was rounder. Another study found that the 
cascade effect was stronger for neutral stimuli than for 
more extreme values (Armel et al., 2008). Newell & Le 
Pelley (2018) showed that the bias effect existed only 
among impossible trials and not among possible trials. In 
their experiment, participants were asked to determine 
which picture contained more dots. For the impossible tri-
als, participants were shown two pictures that each con-
tained a very similar number of dots (e.g., 101 vs 102 dots). 
For the possible trials, participants were shown two pic-
tures that each had a very different number of dots (e.g., 1 
vs 100 dots). 

These different results for perceptual and moral tasks 
indicated that both top-down and bottom-up processes can 
simultaneously influence decisions as stipulated by the 
dual-contribution model (Shimojo et al., 2003). This 
model assumes that both the cognitive assessment system 
and orienting behaviors influence decisions, while gaze in-
formation mainly influences decisions through the bottom-
up process. The attentional diffusion model (aDDM) pro-
posed by Krajbich et al. (2010) further suggested that the 
bottom-up process (i.e. the gaze attention) guide the top-
down process (i.e.the choice value) by amplify the choice 
value (Smith &Krajbich, 2019). Many studies supported 
the idea and showed that there were some effects of bot-
tom-up information (e.g., gaze position and duration) bias-
ing the top-down process (e.g., attention) on decision mak-
ing (e.g. Tavares et al., 2017). In addition, Ghaffari and 
Fiedler (2018) adapted the gaze-contingent prompt para-
digm by allowing participants to choose an option before 
the prompt (self-determined choice). Their result showed 
that the self-determined trials were appear when partici-
pants decided not to choice the target option and when par-
ticipants were confident about their decision. These stud-
ies show that decision making may involve interactive pro-
cesses.  

Following this logic, gaze information may influence 
decisions that are difficult for people to make (or lack a 
top-down process). However, previous research primarily 
focused on studying the gaze bias effect on more subjec-
tive decision-making tasks and only used similarity be-
tween options as an indicator of decision difficulty. To 
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date, relatively little is known about how interactive pro-
cesses influence risk-investing decisions, especially when 
the task is computationally demanding. The latest study 
demonstrated only that gaze duration could determine 
risky decisions as other tasks (Sui et al., 2020). The invest-
ment tasks required making a complex decision by simul-
taneously considering both the absolute reward and its un-
certainty. This enables comparing the top-down and bot-
tom-up processes in the decision making process. In this 
way, the current study adapted the gaze-contingent prompt 
paradigm by adding a self-determined option to further ex-
amine the effect of gaze on risky investment decisions af-
ter controlling the top-down process. Finally, risky invest-
ment decisions allow exploring the effect of gaze duration 
with a different difficulty indicator: computational diffi-
culty. The complex computation process may increase the 
difficulty in making decisions, which will enable exploring 
the boundary of the gaze-cascade effect. 

Methods 
Participants and apparatus 
Describe who participated in your study. How many 

participants were in the study and how were they se-
lected/recruited? In what way were the participants com-
pensated for running in the study? Were any data sets de-
leted? If so, why were they deleted? Describe any de-
mographics of the participants that important to the study. 
If you’ve conducted an experiment, indicate how many 
participants were assigned to each condition. 

Based on prior effect size (= 0.6) as reported by Newell 
and Le Pelley (2018) and Pärnamets et al. (2015), the 
G*power (Faul et al., 2007) results showed that the t-test 
comparing difference from constant could reach 90% 
power with 39 participants. Three participants did not fin-
ish the task and were excluded from the final analysis. In 
all, forty-two participants (13 men, mean age = 20.14 
years) were recruited from the subject pool of Sun Yat-sen 
University.  

All participants were required to sit in front of a 27-
inch screen at a 70-cm distance (resolution = 2560 × 
1440 pixels, refresh rate = 144 Hz). Stimuli were presented 
by the OpenGL-based psychophysics toolbox 3 and the 
EyeLink toolbox extension based on MATLAB. The Eye-
Link 1000 eye tracker was used to record participants ’ 
right eye movement while the view was binocular. Five-

point calibration and validation were performed before 
starting the experiment, with the maximal calibration and 
validation error less than 0.4° of the visual angle.  

Design and materials 
Participants chose one of the alternative options with 

different proportions and different monetary amounts (Fig-
ure 1). Two options were presented simultaneously and 
horizontally on both sides of the screen, with 160 pixels 
between them. As suggested by Newell and Le Pelley 
(2018), various task difficulties needed to be considered in 
the gaze-contingent bias experiments; thus, we manipu-
lated the task difficulty with easy/hard levels. Specifically, 
the hard computational condition contained 48 hard trials, 
and the contrast condition contained 48 easy trials.For the 
hard condition, the option was consisted of value was sin-
gle-digit number multiplied by 100 with probability was 
two-digit number multiplied by 10(e.g.15% of 100); or the 
value was two-digit number multiplied by 100 with the 
probability was single-digit number multiplied by 
10(e.g.10% of 150). For the easy condition, the option was 
consisted of value was single-digit number multiplied by 
100 with probability was also single-digit number multi-
plied by 10 (e.g. 10% of 200). Prior research (Shimojo et 
al., 2003) indicated that the gaze effect would be stronger 
when both options were similar. Therefore, we recorded 
the possibility of each option, which was defined as the 
expected value difference between the two options (the 
higher possibility the lower similarity). Each pair of stim-
uli was repeated twice for a total of 192 trials. Participants 
voluntarily participated in the 20-30 minute experiment in 
exchange for 15‒30 yuan (M=23.20, SD=3.97) (approxi-
mately $2 to $4). The payment was calculated by summing 
up the total money they get in each trial and then times 
0.01. For each trial, participants can get the money if a ran-
dom number generated by MATLAB was larger than the 
probability they choose. The detail instruction can be 
found in the supplementary materials.   

Procedure 
After the calibration and validation procedure, participants 
were instructed to decide between two alternative options 
by using a joystick (Figure 1). For each trial, participants 
were presented two options on the screen while the eye 
tracker began recording.The current study adapted the 
gaze-contingent paradigm that the decision was prompt 
when participants’ fixation on each options were reach the 
absolute duration, they stated that people need 0.25 to 
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clearly see two options while 3s is needed to make deci-
sions. The question page (“Please indicate the option you 
prefer.”) would prompt when the target option had been 
viewed for at least 1.5 s, or the non-target option had been 
viewed for at least 0.25 s, or when the trial had lasted for 
3 s. A pilot was conducted to test the parameters. The pilot 
test showed that for 750 trials, the minimum time spend on 
a decision trial were 0.25s, the average time spend on a 
decision trial were 3.03s. And after 15 practice trials, the 
average time spend on the selected option was 1.5s. Unlike 
the gaze-contingent paradigm, participants can used the 
joystick to select one of the two alternatives once they had 
decided (self- determined trials) in the current study. After 
each choice, participants were asked whether they had 
seen the options clearly by using a 5-point scale (1 = not 
clear at all; 5 = totally clear). Participants had five trials to 
practice the procedure and could take a short break after 
every 48 trials.  

Figure 1. Experimental procedure (A) and trigger condition (B), 
and stimuli example for each condition (C). The question 
prompted when the target option determined randomly before 
each trial was viewed at least 1.5s and the non-target option was 
viewed at least 0.25s in the experiment. Note. The sample as 
presented was translated from Chinese to English just for an 
illustrative proposal. 

Results 
Trials were excluded if participants reported that they 

could not see the options (clarity = 1). The self-determined 
rate was 22.4%, and the timeout rate was 1.4% for 8004 
trials total. As suggested by Newell & Le Pelley (2018), 
the timeout trials were included in the analysis. Therefore, 
the current experiment analyzed the proportion of target 
options chosen under the different conditions when the 
self-determined trials were included and excluded. Mixed-
effect models with the random effects of participants and 
stimuli were conducted to test the gaze-cascade effect on 
investment decision making. 

Success of the gaze-cascade effect  
Prior research showed that passively manipulating par-

ticipants’ gaze duration allowed them to fixate on non-tar-
get options longer than on the target option. We defined 
successfully manipulated trials as those with a longer gaze 
duration on the target options than on the non-target op-
tions. The success rate for the manipulated trials was 
55.3% for all trials. When the self-determined trials were 
excluded, the success rate increased to 60.3%. 

Proportion of choosing the target option  
When self-determined trials were included, the one 

sample t-test indicated that the proportion of trials in which 
the target option was chosen (M=51.10%, SD=3.53) was 
significantly higher than that if the choice had been ran-
dom (50%, p = .050). When self-determined trials were 
excluded, the proportion of trials in which the target option 
was chosen (M = 54.07%, SD = 8.29) was significantly 
higher than that if the choice had been random (50%, p 
= .003). For the self-determined trials, the proportion of 
trials in which target option was chosen (M = 35.71%, SD 
= 22.36) was significantly lower than that if the choice had 
been random (50%, p = .001). 

 

Proportion of choosing the target option under 
different conditions  

When self-determined was included, the one sample t-
test indicated that the proportion of trials in which the tar-
get option was chosen (M = 52.35%, SD = 4.90) was sig-
nificantly higher than that if the choice had been random 
(50%, p = .003) for the easy condition. While the propor-
tion did not differ for the hard condition (M = 49.85%, SD 
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= 8.29, p = .866). In addition, the one sample t-test indi-
cated that the proportion of trials in which the target option 
was chosen(M = 52.53%, SD = 3.85) was significantly 
higher than that if the choice had been random (50%, p < 
.001) for the low possibility condition(i.e. expected value 
difference smaller than 15), while the proportion did not 
differ for the high possibility condition (M = 50.04%, SD 
= 4.86, p = .955).  

When self-determined trials were excluded, the propor-
tion of trials in which the target option was chosen (M = 
55.69%, SD = 9.05) was significantly higher than that if 
the choice had been random (50%, p < .001) for the easy 
condition, but this proportion did not differ for the hard 
condition (M = 52.33%, SD =9.35, p = .113). The propor-
tion of trials in which the target option was chosen was 
significantly higher than that if the choice had been ran-
dom (50%) in both high (M = 53.06%, SD = 9.30) and low 
possibility condition (M = 55.69%, SD = 8.79), but the ef-
fect was stronger among the low possibility condition (p < 
.001), as compare to the high possibility condition (p 
= .039). 

Effects of the top-down and bottom-up pro-
cesses 

Mixed-effect models using the lme4 package (Bates et 
al., 2015) were conducted to compare the top-down 
(higher expected value) and bottom-up (target position) 
processes during the investment decision-making tasks. 
The generalized linear mix effect model was conducted to 
examine the participants’ final choice (A = 0; B = 1) was 
predicted by the target position (A = 0; B = 1), the advance 
expected value of option B, and their interaction. For the 
random effect, the stimuli and participants were fit into the 
random intercept, while the advance expected value was 
fitted into the random slope varying across participants 
(see table 1). The result showed that the interaction effect 
was not significant, but the target position (b = 0.16, SE = 
0.06, p = .004), and the advance expected value of option 
B (b = 1.76, SE = 0.18, p < .001) can both significantly 
predicted the final choice.  

 
 
 
 
 
 
 
 

Table 1. Generalize linear mixed model predicting final choice. 

Fixed effects: Estimate SE z p 

(Intercept) -0.21 0.13 -1.65 0.1 

Target 0.16 0.06 2.84 0.004 

Advance Ex-
pected value of 

B option 
1.76 0.18 10.01 <.001 

Target x Ad-
vance Ex-

pected value of 
B option 

-0.03 0.09 -0.32 0.753 

Random effects: Variance SD Cor. 

(Intercepts) 
Stimulus 2.35 1.53  

Participants 0.11 0.33  

Slopes (vary-
ing over partic-
ipants) 

Advance 
Expected 
value 

0.46 0.68 0.24 

Note. R model equation: Choice~Target*AdvEV-
B+(1|StimuliN)+(1+AdvEV|IDN) 

 In addition, the generalized linear mix effect model 
was conducted to examine whether the task difficulty, pos-
sibility,the expected value of the target option, the timeout 
and self-determine trials would influence the gaze-cascade 
effect. The stimulus and participants were fitted into the 
model as random intercept (see table 2). The result showed 
that people would tend to select the target option when the 
target options are easy (b = -2.53, SE = 0.63, p < .001), 
with similar expected value difference (b = -0.07, SE = 
0.01, p < .001) and have higher expected value (b = 5.76, 
SE = 0.27, p < .001). The result also showed that the gaze-
cascade effect was stronger when the trials are not self-de-
termined (b = -0.30, SE = 0.07, p < .001) and not time-out 
(b = -0.77, SE = 0.22, p < .001).  
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Table 2. Generalized linear mixed model predicting choice the 
target option 

Fixed effects Estimate SE z  p 

(Intercept) 6.31 1.02 6.16 <.001 

Difficulty -2.53 0.63 -4.02 <.001 

Possibility -0.07 0.01 -9.42 <.001 

Advance Ex-
pected value 
of Target op-
tion 

5.76 0.27 21.48 <.001 

Self Deter-
mine -0.30 0.07 -4.53 <.001 

Timeout -0.77 0.22 -3.5 <.001 

Random effects: Variance SD 

(Intercepts) 
Stimulus 18.19 4.26 

Participants 0.004 0.06 

Note. R model equation: 
MatchTC~Difficulty+Possibility+AdvEV-T+Self-
Determine+Timeout+(1|StimuliN)+(1|IDN) 

Discussion 
This experiment manipulated task computational diffi-

culty and examined whether the length of time spent look-
ing at an option influenced investment decisions. The 
study design was the same as that used in previous studies 
except that this study allowed participants to self-deter-
mine when they had already decided. This adaptation in-
creased the manipulation success rate. First, gaze manipu-
lation influenced risky decisions when self-determined tri-
als were both included and excluded. The effect was 
stronger when self-determined trials were excluded. More-
over, the target option was more likely to be chosen than 
was the non-target option in both difficulty (easy v.s hard) 
and possibility (small v.s large expected value difference) 
condition. Although the effect was stronger in the easy and 
small expected value difference condition as compare to 
the hard condition and large expected value difference 
condition. Finally, the mix effect logistic regression anal-
ysis showed that, the expected value and gaze manipula-
tion can both influence participants final choice. Another 

mix effect logistic regression analysis showed that the 
gaze-cascade effect is stronger among the easy, smaller ex-
pected value difference and non-self-determine trials.   

Sui et al. (2020) found that gaze duration for the target 
option was shorter than that for the non-target option when 
using gaze-contingent manipulation; therefore, they sug-
gest that the effectiveness of this paradigm should be im-
proved. The current study adapted gaze-contingent manip-
ulation by adding a self-determined option before the 
prompt as did Ghaffari and Fiedler (2018). These authors 
used this setting to separate the top-down and bottom-up 
processes during decision making. However, they did not 
test whether this adaptation improved the effectiveness of 
the paradigm. The current study showed that adding the 
self-determined option increased the success rate of gaze-
contingent manipulation. The timeout rate were also de-
crease in the current study as compare to the prior studies 
(e.g. Sui et al., 2020; Newell & Pelley, 2018). Therefore, 
the current study found that this adaptation improved the 
effectiveness of the gaze-contingent paradigm.  

Several researchers have debated whether gaze dura-
tion manipulates decision making. Some researchers sug-
gest that gaze duration as a bottom-up process could influ-
ence decisions (Pärnamets, et al., 2015); other researchers 
suggest that gaze duration only reflects the top-down pro-
cess of decision making (Newell & Le Pelley, 2018). The 
current study revealed both cognitive assessment and ori-
enting behaviors during decision making for risky invest-
ment decisions. Similar result was found among Ghaffari 
and Fiedler (2018)’s study, suggesting that although bot-
tom-up information exerts some effects, the gaze manipu-
lation can only influence people’s decision when they had 
no preference. In addition, the current study showed that 
the gaze-cascade effect was stronger when the target 
choice have higher value. These results are consistent with 
the attentional diffusion model(aDDM) proposed by 
Krajbich et al. (2010), which suggests that gaze can influ-
ence the choice process by amplify the value of the choice 
(Smith &Krajbich, 2019) 

The current study also found some surprising results. 
Prior research showed that the gaze-cascade effect was 
stronger when people had difficulty making decisions. The 
current study also showed that the gaze-cascade effect was 
stronger when the options are similar (i.e.small expected 
value difference). However, the current results also 
showed that the gaze-cascade effect was stronger under 
easy computational difficulty than under hard 
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computational difficulty. Su et al. (2013) found similar re-
sults, showing that when computational difficulty in-
creases, people tend to rely more on weighing and adding 
processes, that is, to calculate the expected value of each 
option. Therefore,people’s attention might focus more on 
the calculation process among the hard computation task 
and less likely to be influenced by the gaze orientation. 
Further study is needed to test this possibility.  

In summary, the current study is aim to test the bound-
ary of the gaze-cascade effect on risky investment deci-
sions. The results showed that after controlling the top-
down process, the target option with a longer gaze duration 
was more likely to be chosen. Therefore, the gaze-cascade 
effect might be only effective when people do not have 
clear preference. In addition, the current study showed that 
the gaze-cascade effect was also limited among the hard 
computational difficulty tasks. It is possible that the hard 
computational tasks would attract people’s attention to the 
calculation process instead of the risky taking process. Fu-
ture work should investigate the underlying mechanism of 
the gaze-cascade effect for different levels of decision dif-
ficulty induced by option similarity and computational dif-
ficulty.  
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