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Abstract 

First impressions can be biased and influence future decision-making behavior where people 

tend to exploit one option rather than engaging in exploration (Mehlhorn et al., 2015). The 

present study investigates whether, in a reward-rich environment, the individuals will form 

pseudocontingency biases towards a treatment option and maintain it in a free sampling task. 

The research is a conceptual replication of the study by Harris et al. (2020), investigating the 

underlined concept in a health context. In a two-armed bandit task, the participants sample 

between two smoking cessation treatments to minimize their nicotine symptoms. The results 

supported our first hypothesis as the participants sampled the frequent treatment option based 

on their pseudocontingency bias. However, our second hypothesis stating that the initial 

biases will persist in a free sampling phase was not supported. The participants sampled both 

the treatments and engaged in exploration. Finally, the third hypothesis tested was also 

supported. We observed that the intervention group in the free sampling phase maintained 

their initial biases in later trials. Hence, even though people form biases in reward-rich 

environments, these biases are not necessarily always influential in their subsequent decision 

making. Moreover, the initial biases were upheld in a reward-rich environment. Therefore, 

we could not draw firm conclusions regarding the maintenance of initial biases because we 

observe two groups with contrasting sampling behaviour. Thus, future research should 

investigate further by exploring different health contexts.  

 

Keywords: Exploration-exploitation trade-off, pseudocontingency, treatment, initial bias, 

reward-rich environments 
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Introduction 

The order in which humans perceive information significantly affects their 

interpretation and judgment about subsequent possibilities (Dennis & Ahn, 2001). An 

important aspect of deciding which option is favourable is the number of times an option is 

presented. People observe the recurrence of an option and draw inferences about its 

favourability (Vogel & Kutzner, 2017). However, when choosing between options, humans 

tend to be anxious; they fear making the wrong decision (Kusev et al., 2017). Therefore, they 

commonly tend to persist with a choice they made in the past or the choice which guarantees 

minimum uncertainty and a favourable outcome. Whereas exploring options brings 

uncertainty, fear of unpleasant outcomes, and no guarantee of the consequence. This 

decision-making dilemma can be explained through risk aversion; it states that people tend to 

opt for the immediate favourable outcome, which has low uncertainty, rather than gambling 

their outcome with uncertainty (Holt & Laury, 2002). Thus, although humans are good at 

making everyday decisions, their learning and decision-making can be biased over time with 

repetitive instances. 

Consider the following instances: (1) You have decided to take up an online course to 

improve your writing skills. When searching for online courses, you find many websites 

offering great courses, but how do you decide which website to choose? Do you take several 

courses simultaneously or choose one and start learning? After choosing one, will you keep 

going back to the same website for other courses because you know that one writing course 

was good, or will you explore other websites? (2) You go to a restaurant and have to decide 

between two dishes. One dish is what you always eat, whereas the other dish is new. Do you 

eat the same thing again or try to go for the new dish? (3) You come across a machine at an 

arcade that shows a reward of €20 and a mystery box. Which one do you choose? If you 

chose €20, will you choose that option for each turn or take a chance at the mystery box, 

which may have a higher monetary reward? (4) When going to a pharmacy to buy medicine 

for the common cold, there are many medicines to choose from; how do you choose which 

medicine is best for you? Do you buy the one primarily used by everyone or gather more 

information to choose the one best for your body? When you have decided on the medicine, 

will you keep taking the same medicine when you are sick again or try another?  

People are often confronted with such instances in daily life where they need to find 

the balance between two or more seemingly good options and predict which decision will 

lead them to a favourable outcome. Nevertheless, sometimes, people stay with suboptimal 
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options when making such a decision due to false beliefs, for example, in the previous case of 

buying medicine for a common cold. If you decide to consume the medicine you always 

choose when you get sick, you rely on your initial bias. This initial bias is guided by the first 

impression of the event and its outcome. Hence, the memory of recovering (favourable 

outcome) by taking medicine each time influences you to exploit that medicine option 

repeatedly. 

Similarly, in choosing between €20 and a mystery box, we may see people repeatedly 

choosing €20 in each turn rather than choosing the mystery box. This behaviour of repeatedly 

choosing the same action over varied instances rather than learning or choosing an alternative 

option is called exploitation. Over time, we expect people to learn the best alternatives by 

taking risks (exploration). Yet, the instances described earlier show that people tend to persist 

with their initial biases, driven by uncertainty and anxiety, in making wrong decisions. For 

example, in recent research, Krypotos et al. (2021) explore how individuals solve this 

exploration-exploitation dilemma in a task associated with receiving pain or reward. They 

found that individuals relied more on exploitation, and this behaviour persisted when they 

could maximize rewards. The current study investigates how the exploration-exploitation 

trade-off plays a role in the persisting bias resulting in exploitation. Specifically, we explore 

this behaviour in a health context to study how people behave when making health decisions, 

do they learn more and explore or do they know enough to exploit it. 

Exploration- exploitation trade-off 

Exploitation involves choosing the option that may be relatively safe, already learnt 

and less risky to execute. Examples of exploitation behavior are using the same phone for 

years, eating the same food at your favourite restaurant and taking the same route to the park. 

In contrast, exploration involves opting for different alternatives, learning new information 

and taking risks. Examples of exploration behaviors are changing your phone when the new 

model is launched, trying new restaurants, and exploring new paths in the city. However, 

when confronted with a situation requiring decision-making between two or more options, 

individuals rely on previously experienced outcomes of exploration and exploitation similar 

to that situation (Humphreys et al., 2015). Hence, people often rely on their initial biases and 

stick with the option, which is safe or already learned, thus exploiting that option. The 

tendency to exploit the initial choice rather than exploring potentially more optimizing and 

beneficial options persisting due to initial biases is called the exploration-exploitation trade-

off (Mehlhorn et al., 2015). For example, a study by Morris and colleagues (2016) explored 



5 

BIASES IN SMOKING CESSATION TREATMENT EXPLOITATION 

 

the compulsive behaviour of alcohol use or food in people with alcohol use disorder and 

binge-eating disorder by using exploration and exploitation tasks and found that participants 

engaged more in exploitation and reward maximizing to avoid uncertainty or loss. The trade-

off between the exploitation of known sources of reward versus exploring new alternatives is 

a common dilemma faced in various domains such as business (Kim et al., 2012), 

management (Hardy et al., 2019), psychology (Cohen et al., 2007), neuroscience (Humphries 

et al., 2012) and other disciplines.  

People continue to exploit sources to maximize rewards even when new information 

is received; this is steered from their strong first impression (bias) and the need to maximize 

rewards (Harris et al., 2020). Although there is nothing wrong with exploiting an option as 

long as the first impression is accurate, we are not always correct about these impressions. 

We know that initial biases can easily influence these first impressions. Hence when making 

decisions, choosing a less optimizing option can be decision making can be disadvantageous. 

Biases and heuristics  

The process of decision making is more complex than it seems because of limited 

resources, time, and knowledge (Campo et al., 2016). Hence, humans tend to rely on mental 

shortcuts to make everyday decisions quickly. Heuristics are mental shortcuts that help us 

make frugal and less time-consuming decisions, allowing us to overlook part of the 

information while making effective decisions (Gigerenzer & Gaissmaier, 2011). For example, 

Tversky & Kahneman (1973) have demonstrated that people tend to overestimate the 

probability of an event's availability by the ease with which the event's occurrence comes to 

mind. This bias of relying on immediately recalled information is called the availability 

heuristic. It can lead to systematic biases in judgement and contingency tasks, leading to 

misinterpreting the probability of an event and inferring false beliefs from it. For example, 

when an unlikely health risk happens, people tend to get insurance. Thus, although it is easy 

to use heuristics in everyday decision-making, it is also how cognitive biases are formed 

(Todd, 2000).  

One such important cognitive bias is the Primacy effect. The primacy effect in 

impression formation explains that humans tend to have a strong memory of information 

presented at the beginning of a series task compared to the middle of the task (Sullivan, 

2019). This is because the working memory is less loaded at the start of a task, which allows 

the brain to retain and encode the first information much more concretely than the 

information presented later (Waugh & Norman, 1965). This would explain why some people 
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exploit their initial preference instead of exploring or gathering more information on other 

options.  

Choice-supportive bias is another cognitive bias; it is the tendency to recall and attach 

more positive features to a choice once made, for example, recalling choosing a specific 

medicine when you were sick and over-generalizing its positive effect of treating ailments 

(Mather et al., 2000). Recall the example discussed earlier, when choosing between common 

cold medicines, one may assign higher positive features to medicine taken earlier than the 

other option. Another cognitive bias is the confirmation bias. It is the tendency to search, 

recollect and process the received information in a way that favours one's existing beliefs 

(Nickerson, 1998). This would explain why some people may develop unwarranted beliefs. 

Further, the type of environment also influences the decision and beliefs people make 

in certain situations. For example, in a reward-rich environment where the outcomes are 

usually favourable, the exploitation behaviour is easily adapted (Harris et al., 2020). Due to 

the initial inference of a positive outcome, the desire to maximize rewards causes this 

exploitation behavior. On the other hand, in a reward-impoverished environment, the 

outcome is more frequently negative than positive, beginning an exploratory behavior. 

However, a positive bias towards an option when exploring different options can create an 

initial bias causing people to engage in exploitation because then the option is believed to be 

better than the alternative. Thus, in a reward-rich environment, the need to explore is not 

experienced as the positive rewards reinforce further exploitative behavior. 

Pseudocontingency 

These biases formed from heuristically inclined thinking is developed because the 

environment is often skewed. For example, we may encounter that one option is more 

prevalent than another in the environment, causing us to perceive that one option is better. 

This belief formation is investigated through a field of research called 'Pseudocontingency'. 

Pseudocontingencies are logically unwarranted beliefs that create an illusion of likelihood 

between two variables deduced from information about the observed variables in other 

environmental contexts (Fiedler et al., 2009). Therefore, when people see one option 

occurring more frequently than the other and find one outcome more prevalent, they perceive 

an association between the option and the outcome. Pseudocontingency interpretations may 

be convenient and useful, but they can also override genuine contingencies (Fiedler, 2010).  

People may perceive contingencies between option and outcome that are unrelated and form 

such biases in environments where both options are equally rewarding (Fiedler, 2000; Meiser 
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& Hewstone, 2010). Most literature on pseudocontingency and its role has mainly explored 

decision making (Fiedler & Wanke, 2009; Vogel & Kutzner, 2017) and stereotype formation 

(Kutzner & Fiedler, 2017; Meiser & Hewstone, 2010). Expansion of the field has led 

researchers to explore different questions. Recent studies have explored the role of 

pseudocontingencies in actual sequential contingency tasks. In the study by Meiser and 

colleagues (2018), they presented the participants with options and outcomes (positive or 

negative) over several trials in the learning phase. After this, they made choices based on the 

already learnt contingencies. The results show that participants assumed pseudocontingency 

during the learning phase, which influenced their choice behaviour. It was also found that 

pseudocontingency was principally more influential in the case of positive outcomes.  

Similarly, Harris et al. (2020) tested how the initial biases persisted in reward-rich and 

reward-impoverished environments in a sequential contingency task. They specifically 

focused on how these initial beliefs persist in the contingency task and its influence on future 

choice behaviour. The results revealed that in a reward rich condition, the participants 

perceived pseudocontingency and engaged in exploitation. Whereas in a reward-

impoverished condition, the biases weakened.  

This suggests that people see a favourable option A and exploit that choice if it is in a 

reward-rich environment, forming an initial bias for option A and considering option B as 

inferior. The research findings by Harris et al. (2020) further help establish a basis for 

understanding and testing why humans can have such strong yet false beliefs upheld for a 

long time. Conclusions by Harris et al. (2020) can be helpful to investigate actual situations 

in a health context. For example, in the context of treatment choice, one treatment may be 

preferred more than the other due to initial bias favouring one treatment more than the other. 

Similarly, in the current study, based on the research of Harris et al. (2020), we 

attempt to explore how initial biases will be formed and sustain in future decision behavior in 

a reward-rich environment, which is hard to attenuate even over extended trials. It is also 

expected that this initial belief will be upheld and will also influence the decision making in 

similar instances. We test the claims of Harris et al. (2020) in a hypothetical health scenario 

where participants will be asked to choose between two treatments. We test this in a health 

context because if biases persist in reward-rich environments, it may be damaging for 

individuals in a real-life health scenario where they might fail to optimize the best option. 

 

 



8 

BIASES IN SMOKING CESSATION TREATMENT EXPLOITATION 

 

Present study 

In the current research, we investigated how the initial belief regarding two smoking 

cessation treatments are maintained and how this first impression influences the decision-

making behaviour. We conceptually replicate and adopt the same method as used by Harris et 

al. (2020). They claim that biased sampling through pseudocontingencies in reward-rich 

environments could explain the initial biases in the health context. Hence, we test if these 

claims are valid. We conceptually replicate the study to help further understand and establish 

the validation and generalizability of their claims. 

In this research, the participants will repeatedly choose between two smoking 

cessation treatments throughout the experiment in a reward-rich environment. We test three 

hypotheses. Participants will perceive one treatment as more favourable than the other, thus 

forming an initial bias towards the frequent option by means of a pseudocontingency bias. 

Hence, our first hypothesis is "In a reward-rich environment, participants will show their 

preference towards the frequent option as they will perceive it as favourable". Second, when 

a pseudocontingency bias is achieved, we expect that the initial bias towards the frequent 

treatment will persist in the free sampling phase, influencing the choice behavior in the 

remaining trials. Thus, our second hypothesis is "The initial bias will be maintained in a free 

sampling trial, and the participants will exploit the choice perceived as more favourable". 

Additionally, we test the assumption made by Harris et al. (2020) that the initial 

biases will be upheld in reward-rich environments. We test an intervention to investigate the 

accuracy of this assumption by randomly dividing participants in the experiment into two 

groups when they begin the free-sampling phase. The intervention group will receive 

additional instruction to sample equally at the beginning. This will help us understand that if 

an initial bias is induced, and when participants engage in exploration for a while, do they 

continue exploring or are eventually guided by their initial biases when sampling repeatedly. 

Thus, our third hypothesis is "Initial biases will attenuate when participants engage in 

exploration and will continue exploring in this sequential sampling". We expect that 

participants will not sample based on their initial biases. Instead, initial exploration will help 

them overcome their initial biases. Hence, they will continue to explore throughout the trial, 

overcoming the initial bias as they sample both treatment options. 

Method 

The experiment is set out to validate the hypothesis based on the claims by Harris et 

al. (2020). Specifically, we test if, in a reward-rich environment, participants form a 
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pseudocontingency bias towards a treatment option, if these biases sustain over repeated trials 

and if these biases can be updated. The sample size of our study was estimated to be around 

100; we estimated this using power analysis G*power (Faul, Erdfelder, Lang, & Buchner, 

2007). These calculations were based on a 5% alpha-level, 80% statistical power, and effect 

sizes between ηp2 = .081 and ηp2 = .270 as used by Harris et al. (2020) and as reported by 

Meiser, Rummel, & Fleig (2018). Thus, a larger sample is expected to give meaningful 

results and increase the power of the study to draw significant inferences.  

Participants for this study were recruited via the online crowd-sourcing platform, 

Prolific Academy (https://www.prolific.co/) and the study was run on SoSci survey, a 

professional tool for academic online questionnaires. One hundred twenty participants 

(Nfemale = 70) with an average age of 22 years (SD = 5.68) participated in the study, with 

64.2% participants who had or are enrolled in a psychology program. This sample was 

acquired through a convenience sample, using the university's SONA SYSTEM with a .25 

PPU as a reward for 10 minutes of participation, and it was distributed via email and other 

social media platforms to recruit participants. The experiment was run in English. The 

research was conducted according to the guidelines and approval of the Ethics Review Board 

of the Faculty of Social and Behavioral Sciences at Utrecht University.   

Design  

The experimental design was constructed to match the design used by Harris et al. 

(2020), i.e., a two-armed bandit task where the participants sampled between two treatment 

options. They were instructed to imagine that they were smokers who had decided to refrain 

from engaging further in this bad health habit. Hence, they enrolled in a 'smoking cessation 

programme'. They were then presented with a choice-based task to choose between two 

(hypothetical) smoking cessation medicines; namely, Cefaparcin and Nexadotin, which either 

helped in alleviating nicotine symptoms or the symptoms returned with no change. We 

counterbalanced which treatment option would be presented frequently in the induction phase 

and which treatment option would be asked for when giving estimates of preference and 

conditional estimates. The first hypothesis was tested in the induction phase. 

Further, the second hypothesis was tested in the free sampling phase. The participants 

were free to sample either cessation treatments with the goal to minimize their symptoms. 

Lastly, the third hypothesis was tested in the free sampling phase, with a slight difference in 

instructions. Some participants were randomly assigned to receive instructions to sample 
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between the two treatment options equally in the initial trials to minimize their symptoms. 

Therefore, we had set the study to a between-subject design. 

Procedure 

The experiment was divided into four phases; first, in the induction phase, where the 

participants were forced to sample only one treatment option at a time. Second, the estimate 

phase, where participants indicated their estimation regarding the treatment. Third, a free 

sampling phase, where the participants could sample between the two treatments freely. 

Lastly, a final estimate phase, where the participants gave their estimation regarding the 

treatments again.  

First, in the induction phase, participants were presented with only one treatment 

option at a time. After selecting the treatment option presented, the following feedback was 

shown 'you took Cefaparcin/Nexadotin, and your nicotine cravings went down(positive)/up 

(negative)' with a smiling or frowning face. This feedback disappeared after a delay of one 

second before going onto the subsequent trial. We used the same distribution for the initial 

evidence as Harris et al. (2020). Hence, the participants sampled for 16 consecutive trials. 

Specifically, they forced sampling of one option 12 times (9 positives and three negative 

outcomes) and the other option 4 times (3 positives and one negative outcome).  

Second, after the induction phase, participants were asked to give estimates. In this 

estimate phase, they were first asked to give their preference estimate. Specifically, they were 

asked which medicine was more likely to decrease their nicotine cravings. They could 

respond by moving the slider freely towards the image of the treatment option, which was 

anchored at either end of the slider (see Figure 1). Participants also answered the question 

regarding the conditional probability for both medicines. They could answer the percentage 

likelihood (0% - 100%) of it occurring through their observation during the trial by moving a 

slider. Specifically, they were asked to indicate how likely was it that if they selected a 

medicine, the outcome would be a decrease in nicotine cravings. They indicated this 

separately for both the treatment options. In addition, participants were asked to give their 

confidence estimate (how confidently they can say) that the estimates made were reasonable. 

Again, this was answered by adjusting a slider anchored at ‘not confident at all’ and ‘very 

confident’. 
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Figure 1. Relative preference estimate  

Before the third phase began, the participants were presented with information about 

how they would receive additional visual information regarding their health progress for the 

remaining trials. This additional feedback measure was an image of the lungs. This graphic 

image of the lungs indicates the health progress. Namely, the pink lungs indicated healthy 

lungs, purple indicated unhealthy lungs, and grey indicated smoker's lung. In addition, they 

were instructed to personalize the treatment to reduce nicotine cravings. We randomly 

divided participants into two groups: the control and equal group. While both the groups 

could personalize the treatment and sample freely between the two treatments, the equal 

group received an additional instruction asking them to sample both the treatments equally 

often in the following ten trials. After these instructions, the free sampling phase began. The 

participants would choose between the two treatments, and feedback appeared after the 

selection, same as in the induction phase. The lung image changed according to the feedback. 

Participants were free to sample between both the treatment options for the remaining 84 

trials. Throughout the experiment, the participants were able to see the current trial number 

from the total number of trials ("Trial: x/100") at the top right corner of the screen. 

In the final phase, the participants were asked to give their estimates. Again, the 

questions asked were the same as the second phase. Lastly, the participants' demographics 

were collected, namely, age, gender, education, and if they are/were psychology students. 

The survey ended by thanking the participants for their participation and informed about what 

the study attempts to explore. Finally, the collected participant data was counterbalanced. We 
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did this for the frequent treatment option, the direction of the question (increase vs decrease), 

primacy (left vs right), the estimates given and intervention (control vs equal). 

Data preparation 

All the dependent variables, i.e., estimates, were recoded. Recoding was done so that 

higher positive values would indicate a preference for the initially frequently presented 

option. For example, if Cefaparcin was presented more frequently in the induction phase, and 

if participants indicated higher positive values in their estimates, this would indicate a bias 

towards Cefaparcin. Since the values recorded for the conditional probability estimate 

included two estimates (one for each treatment option), we calculated the difference between 

the two to determine the contingency of the treatments (Allan, 1980), which they indicated as 

the one to decrease their symptoms. 

Data preparation and analysis was undertaken using Statistical Program for Social 

Sciences (IBM SPSS Statistics for Windows, Version 26). We expected a bias towards the 

frequent treatment option across the estimate measures, preference estimate, conditional 

estimate, confidence estimate, behavioural measure, and choice index. Therefore, one-sample 

t-tests were performed to analyze these measures. In addition, we used repeated-measures 

ANOVA for investigating our research questions. 

Results 

Pre-Relative preference measure 

Following the initial trials in the induction phase, the participants made a relative 

preference estimate after the initial trials. We expected that they would prefer one treatment 

more over the other.  Hence, to investigate if the bias was successfully induced through 

pseudocontingency and if the participants perceived one treatment as better than the other, we 

performed a one-sample t-test. The results show that the bias effect was significant (M = 6.61, 

SD = 29.71), t(119) = 2.22, p = .026, d = 0.22, 95% C.I [0.74, 11.48]. Therefore, the bias 

induction was successful, supporting our first hypothesis as the participants perceived an 

initial bias towards the frequent option as we had expected.  

Pre-Conditional probability measure 

The second measure determined the conditional probability estimates where the 

participants were asked the likelihood of choosing a treatment and that it led to a decrease in 

symptoms. As expected, the participants estimated that the frequently presented treatment led 

to more of a decrease in nicotine symptoms than the infrequent treatment option. The t-test 
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was statistically significant as can be seen by a positive ΔP value (ΔP = 0.05, SD = 0.29), 

t(119) = -16.47, p  < .001, d = 0.19, 95% C.I [-0.49, -0.38].  

Pre-Confidence probability measure 

Lastly, participants were asked to give their confidence in judgement regarding the 

estimate they made about the treatment options. The result was significant, M = -.00, SD = 

0.26, t(119) = -0.10, p < .000, d = -0.00, 95% C.I [-0.05, 0.04]. Therefore, the participants 

were more confident in their estimate regarding the frequent treatment option than the 

infrequent treatment option. 

Free sampling phase and Intervention  

After the preference estimates, the participants were free to sample for the remaining 

84 trials. We wanted to test if participants continue to favour one treatment over the other in 

the remaining trials based on their initial bias.  

We conducted a one-sample t-test to see if there was a difference in their choice 

behavior after the induction phase. The result showed a non-significant effect, M = 0.51, SD 

= 0.23, t(119) = 0.91, p = .365, d = 2.20, 95% C.I = [-0.02, 0.06]. This indicates that the 

participants did not sample the frequent treatment option as expected throughout the free 

sampling phase. Therefore, our second hypothesis, which explored if the initial bias would 

persist in the free sampling phase, was unsuccessful. In contrast, we observed the opposite 

result, where the participants sampled both the frequent and infrequent options. 

We further investigated what the sampling behaviour of the equal group (intervention) 

was in our study. A repeated-measures ANOVA was performed to measure the group 

differences between the control and equal group in our study. The within-subject design 

consisted of 84 levels corresponding to the number of trials in the free sampling phase 

(dependent variables). The between-subject factor (independent variable) comprised of equal 

group (intervention) data. We compared the group differences between the equal group and 

the representative group. We first began the analysis by checking for outliers. The data 

showed no outliers as assessed by examination of studentized residuals for values greater 

than ±3. The test of between-subject effects shows that there was a non-significant main 

effect of intervention, F(1,115) = .000, p = .990. Hence, the third hypothesis under 

investigation to explore if the initial bias can be overcome was rejected. The participants in 

the equal group exploited the frequent treatment persisting due to the initial bias instead of 

exploring the other treatment option.   
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Figure 2 shows the percentage of participant sampling for the frequent treatment 

throughout the experiment, i.e., for each trial. Notice the yellow line indicating participant 

sampling in the 'control group' for all the trials. Whereas the blue line indicates the equal 

group. The control group initially sampled the frequent treatment, but the participants 

explored both the treatment options as the trials progressed. Eventually, we can observe that 

their preference shifts towards the infrequent option as they sample that option more often. 

This can be observed as they cross the 0.5 chance level. Whereas the equal group showed the 

same sampling behaviour as the control group, halfway through the experiment, we observe 

that they change their sampling behavior and begin sampling the frequent option more often 

than the infrequent, thus maintaining their initial bias. 

 

Fig.2 Percentage of participants sampling frequent treatment per trail (Chance level: 0.5) 

Post-Relative preference measure 

After the free sampling phase, we asked the participants about their relative 

preference estimate again, expecting the initial bias to persist. To measure their preference, 

we performed a one-sample t-test again as we did in the pre-estimate measures. We expected 

that participants would maintain their initial bias towards the frequent treatment when they 

sampled freely for 84 trials, however the results indicated no significant bias effect, M = 4.51, 

SD = 31.31, t(119) = 1.40, p = .163,  d = 0.14, 95% C.I. [-1.64, 9.67]. Thus, participants did 

not show a biased preference towards the frequent option; instead, we observed they explored 

the treatments. Hence, our hypothesis testing if the initial bias will persist in free sampling 
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phase was not successful. Although, as we discussed above, the equal group (intervention), 

on the other hand, showed a bias towards the frequent option. 

Post-Conditional probability measure 

The participants gave the estimates of how likely they were to receive a decrease in 

nicotine symptoms given they has selected either treatment options (Cefaparcin and 

Nexadotin). The results show a significant conditional estimate, as can be seen by a positive 

ΔP value of (M = 0.06, SD = 0.37), t(119) = -12.90, p < .001, d = 0.16, 95% C.I. [-0.50, -

0.37].  

Post-Confidence probability measure 

Lastly, another t-test was performed to record how confident were the participants in 

the estimates they made regarding the two treatment options. The result showed a significant 

confidence estimate, M = .00, SD = 0.25, t(119) = -21.50, p < .001, d = .01, 95% C.I. [-0.54, -

0.44]. Thus, indicating that they were confident in their judgement of the estimates they made 

reading their treatment choice. 

Discussion 

In this conceptual replication of Harris et al. (2020) study, we tested their claims to 

increase the generalizability and test the validity of the research. The present study tested if 

the pseudocontingency in a reward-rich environment persists due to initial biases in a health 

context. We asked the participants to sample between the two treatment alternatives and give 

their estimates regarding their choice in a sequential contingency task. The first hypothesis 

was accepted and also supported the claim by Harris et al. (2020). In the forced-choice task 

(induction phase), the participants perceived the frequent treatment as a more favourable 

option than the other treatment option. Thus, forming an initial bias and supporting our 

hypothesis. The second hypothesis tested if the initial bias is maintained or attenuates in the 

free sampling phase. We expected participants would sample the perceived favourable option 

more often, thus maintaining the bias. However, this was not the case as participants 

attenuated their initial biases. Lastly, we tested if these initial biases can be updated. The 

results showed that the initial biases persisted in the equal group. Thus, our hypothesis was 

not supported as their initial biases guided participants even after exploring.  

The results in the free sampling phase contradict the findings by Harris et al. (2020). 

We found that the participants initially sampled the frequent treatment more in the free 

sampling phase; however, they did not carry this initial bias throughout the experiment. 

Instead, we observe that the participants sample both the treatment options more equally 



16 

BIASES IN SMOKING CESSATION TREATMENT EXPLOITATION 

 

throughout the trials, thus engaging in exploration. Eventually, their initial biases attenuate 

towards chance level as their preference shifts towards the infrequent treatment option. 

Hence, as hypothesized, that in a reward rich environment, we expected the initial biases to 

maintain while free sampling was found to be false in our study. This is a good strategy in a 

health context because exploration gives new information. This way, participants will not be 

biased in their decision making and stuck with a suboptimal treatment choice for themselves. 

The end goal of the participants was to minimize their nicotine symptoms; therefore, we 

believe that participants engaged in exploration as they attempted to reduce the uncertainty 

and learn more about the infrequent option (Mehlhorn et al., 2015). Another explanation for 

this contrasting result could be because the initial bias may not have been strong enough to 

influence their free sampling preference. Since 64 per cent of the participants in our study had 

been and were current students of psychology, they may have recognized or counteract the 

study's underlying mechanism, thus shifting their preference. 

Further, we assume that introducing the lung image in the free sampling phase, which 

indicated lung health after each trial as feedback, gave the participants more clarity of their 

sampling outcome. In the initial phase, the participants did not see the lung image as 

feedback. However, in the free sampling phase, participants may have attempted to sample 

the two treatment options while focusing on the changing colors of the lung as a deciding 

factor to their goal of minimizing nicotine symptoms. Thus, causing a shift in preference and 

attenuating towards chance level. Another explanation could be that the participants 

perceived the free sampling phase as a new task. Although this was emphasized in the 

instructions, we assume that the participants could have formed a new belief regarding the 

treatment options at the beginning of the free sampling phase. This could explain why they 

engaged in exploration behaviour in sampling as the trial's progress. Another explanation for 

the opposite sampling behaviour to the expected exploitation behaviour could be the recency 

effect. The recency effect is the tendency for a person to retain the most recent piece of 

information, i.e., the ending of a list or task (Troyer, 2011). In our case, the most recent 

information would be the last trials of the induction phase before beginning the free sampling 

trials. Therefore, if the participants saw the infrequent option more often in the last few trials 

of the induction phase, they might have weighed more heavily on that option; thus, their 

initial biases attenuated, and they sampled both options in the free sampling phase instead of 

relying on one treatment option. Furthermore, we found that the post preference estimate was 
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not significant in our results, thus confirming that the initial bias did not persist in the free 

sampling phase. 

Finally, we tested the intervention to draw inferences regarding the updating of 

beliefs. We assumed that when we instruct the participants in the equal group to try sampling 

both the treatment options equally often, their initial biases will attenuate as they sample 

further in the experiment. However, in our sample, we observed a contradicting result to our 

hypothesis and the assumption made by Harris et al. (2020) was supported. We observe that 

initially, the participants sampled both the treatment options equally often and engaged in 

exploration behaviour as we expected; however, halfway in free sampling, their preference 

shifts, and they begin deviating towards their initial bias in the induction phase. Hence, they 

start sampling the frequent option more often and engage in exploitation behaviour. The 

curve (refer to figure 1) indicating a change in treatment preference is very interesting as we 

expected to obtain the opposite results. Therefore, we believe that participants in the equal 

group returned to their initial bias because they perceived the frequent option as favourable, 

and exploration may not have yielded the feedback that matched their goal of minimizing 

nicotine symptoms. This could be negative in situations because first impressions are not 

always correct. Thus, when choosing between treatments, people may be stuck with a 

suboptimal option. In a health context, decision making based on falsely upheld beliefs and 

first impressions can keep people from making the optimal choices. 

Limitations 

The results we obtained did not fully support the hypothesis of our study. Here, we 

discuss some limitations of the study that may have contributed to a different result. Firstly, 

we did not see an initial bias persisting in the free sampling phase; this could be due to 

boredom. Repeatedly choosing between treatments for 100 trials could be a tedious task. This 

may have led to a change in preference, causing participants to explore rather than exploit in 

the pursuit to ease boredom (Mehlhorn et al., 2015). It could also be possible that the 

participants deviated from the bias and explored because the participants were able to 

recognize the contingency design of the study (Harris et al. 2020). Although we do not have 

any evidence for this, we only assume that they could have recognized the task and thus 

engaged in exploring rather than exploiting the treatment. Secondly, the study design was 

hypothetical and asked participants to imagine that they were smokers; however, not 

everyone smokes. Hence, the experimental scenario may not have been applicable enough for 

the participants to relate to. Lastly, the participants in the study may not have been motivated 
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enough to engage with the experiment fully. In our experiment, we did not provide a 

monetary incentive for participation and performance, whereas participants received a 

financial reward in the study by Harris et al. (2020). This could have influenced the 

motivation for participation in the study and affected the performance in this repeated 

sampling task. 

Future research 

Although there were some limitations in the study and not all the results were as 

desired, the study holds importance in increasing the generalizability of the subject matter 

under investigation. Future research should improve and further explore pseudocontingency 

and its role in future decision making in different health contexts. The first recommendation 

for future research is to use a different design to explore contingency behavior in a health 

context. This could be done by employing participants who have an underlying health issue, 

such as real smokers. This will give more credibility to the research, and the results could 

help understand their choice behavior better. It could also be informative and helpful to 

devise real interventions to counter this unhealthy health habit and choice behavior based on 

false beliefs. Secondly, we recommend testing the study in a reduced number of trials but 

with similar validity and quality of research. Reducing the number of trials will help gain 

insight into sampling behavior as it will eliminate the boredom factor in the study. Thirdly, in 

our intervention test, we asked the participants to sample only the first ten trials equally often; 

this may not have impacted the sampling behaviour as we expected. Hence, future research 

should ask the participants to sample a minimum of twenty samples equally often.  Lastly, we 

could recommend that the study's statistical analysis be done in line with the calculation used 

by Harris et al. (2020), namely including the base rate calculations. Other relevant statistical 

tests which can provide in-depth detail into the participant sampling performance and 

behavior is worth exploring for future research. 

Conclusion  

The current research explores the influence of first impressions and biases in smoking 

cessation treatment options. We found that an initial bias was induced. However, the 

pseudocontingency bias did not persist in the free sampling phase, and the biases attenuated. 

Further, as claimed by Harris et al. (2020), participants in our study upheld their belief in a 

reward rich environment when sampling the two treatment options. Although the initial 

biases were upheld, we believe that these results do not essentially mean that the biases and 

beliefs cannot be updated in the future. Interventions to understand updating false beliefs 
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need to be explored in other health contexts to gain a deeper insight into the influence of 

pseudocontingency bias in similar frameworks. Although not all the results were as expected, 

we cannot draw precise conclusions about the pseudocontingency and sampling behavior in a 

reward-rich environment. 
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