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            Abstract
Improving objects, ideas or situationsâ€”whether a designer seeks to advance technology, a writer seeks to strengthen an argument or a manager seeks to encourage desired behaviourâ€”requires a mental search for possible changes1,2,3. We investigated whether people are as likely to consider changes that subtract components from an object, idea or situation as they are to consider changes that add new components. People typically consider a limited number of promising ideas in order to manage the cognitive burden of searching through all possible ideas, but this can lead them to accept adequate solutions without considering potentially superior alternatives4,5,6,7,8,9,10. Here we show that people systematically default to searching for additive transformations, and consequently overlook subtractive transformations. Across eight experiments, participants were less likely to identify advantageous subtractive changes when the task did not (versus did) cue them to consider subtraction, when they had only one opportunity (versus several) to recognize the shortcomings of an additive search strategy or when they were under a higher (versus lower) cognitive load. Defaulting to searches for additive changes may be one reason that people struggle to mitigate overburdened schedules11, institutional red tape12 and damaging effects on the planet13,14.
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Extended data figures and tables

Extended Data Fig. 1 People are more likely to subtract from recipes with atypical ingredients (study S9).
Each dot represents one recipe (k = 27). Placement on the x axis reflects the atypicality score for each recipe, determined by the mean rating from n = 80 workers from Amazon Mechanical Turk. Independent samples of n = 7â€“12 workers from Amazon Mechanical Turk (total, n = 284) then had an opportunity to transform one of the randomly assigned recipes. Placement on the y axis reflects the percentage of participants who produced a subtractive transformation of each recipe. The atypicality score of an ingredient positively predicted the percentage of participants who subtracted; r25 = 0.54, P = 0.003; two-sided test. Error band represents the 95% confidence interval of predicted percentage subtracting.


Extended Data Fig. 2 Study material for experiment 1.
In the stimuli that participants saw, a toy action figure (image removed for reasons of copyright) stood at the height marked on the white paper. Participants could stabilize the top platform of the Lego structure so it could hold a masonry brick above the head of the action figure by adding new supports to reinforce the single corner block or by removing the corner block and letting the platform sit flush on the layer below. They earned $1 for successful completion, but adding Lego bricks cost money. The most profitable solution was to remove the single support. Participants were randomly assigned to instructions that explicitly stated â€˜removing pieces is freeâ€™ (cue condition) or instructions that did not mention removing pieces (control condition).


Extended Data Fig. 3 Study material for experiments 2 to 4.
Participants reported their ideas for how to change this miniature golf hole. We coded whether each idea was additive (for example, â€˜add a windmillâ€™), subtractive (for example, â€˜remove the sand trapâ€™) or neither (for example, â€˜reverse the directionâ€™). Participants were randomly assigned to a no-cue instruction that mentioned neither addition nor subtraction or to a cue condition that reminded participants they could â€˜add or subtractâ€™. In experiments 2 and 3, participants reported all of the ways that they might improve the original. In experiment 4, participants were randomly assigned to a condition that solicited their improvement ideas or a condition that solicited their ideas for making the hole worse.


Extended Data Fig. 4 Cumulative percentage of participants who included at least one type of idea by the ith idea in their list in experiments 2 to 4.
Participants were randomly assigned to one of two conditions in experiments 2 and 3 (no-cue versus cue) (n = 312); and one of four conditions in experiment 4 ((no-cue versus cue) Ã— (improve versus make-it-worse)) (n = 369). The y axes show cumulative percentage. The x axes show idea order (i). Empty blue shapes represent subtractive ideas and filled orange shapes represent additive ideas. Dotted lines represent no-cue conditions and solid lines represent cue conditions. Circles represent responses to an improve prompt and triangles represent responses to a make-it-worse prompt. a, b, Across experiments 2 (a) and 3 (b), we did not find evidence that the cue affected the likelihood of participants listing at least one additive idea (odds ratio = 0.92, z = âˆ’0.24, P = 0.810), but we did find evidence that it increased the likelihood of participants listing at least one subtractive idea (odds ratio = 1.93, z = 2.73, P = 0.006). c, In experiment 4, the cue increased the likelihood of participants listing at least one subtractive idea within the improvement conditions (no-cue = 21%, cue = 48%, Ï‡2 = 13.63, P < 0.001) and the make-it-worse conditions (no-cue = 28%, cue = 50%, Ï‡2 = 9.71, P = 0.002). The error band represents s.e. of proportion.


Extended Data Table 1 Observed rates of subtractive changes, additive changes and other changes in studies S1 to S8Full size table


Extended Data Table 2 Changing originals with more and fewer components in study S10Full size table


Extended Data Table 3 Overlooking subtraction in samples from university students from the USA, Germany and JapanFull size table
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