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Step 1 (Basic definitions). Studying economics at a university is the treatment variable that 

causes Machiavellianism (Mach) in later life. Studying economics is defined as studying 

business, macroeconomics, or another economics major as opposed to choosing a 

noneconomics major (e.g., engineering, sociology). Mach is defined as a personality trait 

characterized by cynical world view, pragmatic morality, cold rationality, deviousness, and a 

belief in the effectiveness of (one’s own) manipulative tactics (e.g., Christie & Geis, 1970; 

Jones & Paulhus, 2009). 

Step 2 (Causal network). The DAG below illustrates the causal relationships we assumed 

mainly on the basis of previous research. 

 

Note. The numbers behind the variables indicate the time period. SES = socioeconomic status; GPA = grade 

point average. 

Step 3 (Identification strategy). To attain a suitable instrumental variable for estimating the 

causal effect of studying economics on Mach, we would randomly assign participants to one 

of two conditions. In the experimental condition, participants would receive an advertisement 

about studying economics at a university in their final year of high school. In the control 

condition, participants would receive an advertisement about studying noneconomic majors. 

The random assignment to condition ensures that the advertisement is not confounded with 

other causes of Mach (see DAG). Furthermore, we assume that the advertisement affects the 

level of Mach after studying at a university only via studying economics. Admittedly, the 

advertisement might also have an effect on the level of Mach immediately after the 

advertisement, but this effect should be short-lived (i.e., temporary state changes in Mach) 

and should thus not influence the level of Mach after studying at a university. 



Step 4 (Probing assumptions and alternative explanations). A potential limitation of the 

design is that those who are swayed by the advertisement might also be those who are swayed 

by the study major to change their personality (i.e., either due to the content of the courses or 

due to influences from peers). Thus, the estimation of the causal effect might only be valid for 

the subpopulations that responded to the advertisement (i.e., local average treatment effect) 

but not for other subpopulations of young adults. Another potential limitation might be that 

the advertisement has a very weak effect on choice of study major (“weak instrument”), 

which could lead to biased and inconsistent estimates (e.g., Bound, Jaeger, & Baker, 1995; 

see also the relevance assumption in Figure 1). Furthermore, if the advertisement backfires 

among some participants (e.g., if the provided information makes studying economics less 

attractive for some participants), the monotonicity assumption underlying the instrumental 

variable is violated (Figure 1). 

Box S1. Brief illustration of the steps of causal inference for Example 3 (Grosz et al., 2019). 



Step 1 (Basic definitions). Dominance is the treatment variable that causes the outcome social 

rank. Dominance is defined as the use of force and intimidation to induce fear in others 

(Cheng et al., 2013). Social rank is defined as the amount of social influence on others and 

attention from others in face-to-face groups. 

Step 2 (Causal network). The DAG below illustrates the causal relationships we assumed 

mainly on the basis of previous research. For example, previous research suggests that the 

height and muscularity of an individual might cause both dominance and social rank in face-

to-face groups (e.g., Melamed, 1992; Blaker & Van Vugt, 2014). 

 

Step 3 (Identification strategy). We propose that the paths that might confound the estimation 

of the causal effect be blocked. We would block the path from sex to social rank by using 

only same-sex groups as Cheng et al. (2013) did. We would block the other paths by 

including muscularity, height, voice pitch, facial width-to-height ratio, physical attractiveness, 

prestige, and age as control variables in a multilevel model—we would use multilevel 

modeling because each individual is nested in a face-to-face group (Cheng et al.). 

Step 4 (Probing assumptions and alternative explanations). Because the identification 

strategy is to condition on observable variables, it is particularly important that all relevant 

variables are in the DAG. If a relevant variable is not part of the DAG, this might invalidate 

the identification strategy. For example, if physical health would have a causal effect on both 

dominance and social rank, then physical health might confound the association between 

dominance and social rank. Another assumption is that all variables in the model were 

assessed without measurement error. This assumption might not be valid for some variables 

(e.g., dominance, social rank, muscularity). We would check the robustness of our estimation 

by running the multilevel analysis in a structural equation model and correcting for 

measurement error by using latent variable modeling (e.g., Westfall & Yarkoni, 2016). 

Box S2. Brief illustration of the steps of causal inference for Example 4 (Cheng et al., 2013). 
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