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H1: The change from a digital environment to a physical problem space would increase the time 

and cognitive cost of a shuffle and so would reduce the number of shuffles and therefore some of 

their benefits.

H2: Word production and time spent moving the tiles would show an inverted U relationship in the 

high interactivity condition.

H3: Time spent moving the letter tiles would correlate with individual difference measures, such as 

verbal fluency.

Discussion
Creative ideas emerge from a meshwork of dynamic elements. Resources internal and external to the agent configure a 

cognitive ecosystem that scaffolds performance. In addition, capitalizing on fortuitous external cues may trigger new 

ideas. We examined these elements to determine how they come into play during a simple word production task. 

While there were no significant differences between experimental conditions, close analysis of the video data led us to 

conclude that participant behaviour drives performance in the high interactivity condition: time spent interacting with the 

letter tiles was positively related to the number of words produced. This suggests that interactivity as a benefit only 

accrues to those who make full use of it.

Luck is by its nature random and when the cost of discarding a shuffle is high, the benefits of a lucky shuffle (one which 

quickly points the problem solver to another word) are outweighed by the high costs of an unlucky shuffle (where the 

shuffle does not prompt a word). A research programme dedicated to examining the nature of cognition when coupled to 

the external world must take seriously both the extent of that coupling and the affordances yielded by different task 

environments.  

Introduction
Word Production. There was virtually no difference in the number of words produced between 

the low interactivity (M = 17.0, SD = 6.2) and shuffle (M = 17.2, SD = 6.2) conditions; 

performance was slightly better in the high interactivity condition (M = 18.4, SD = 8.5):  F(2, 78 ) 

= 1.97, p = .146, ŋp² = .048. We did not replicate the benefits of shuffling the tiles (H1) as 

reported in Kirsh (2014). 

Results

Performance in the High Interactivity Condition

Based on the video evidence, we were able to measure the degree to which participants interacted with the letter tiles in 

the high interactivity condition. Two participants did not touch the tiles at all. Participants interacted with the tiles on 

average for 106.4 seconds (SD = 65.1, range 2.9s - 226.9s). The longer the participants interacted with the tiles the more 

words they produced. This relationship was significant, r(38)= .329, p = .038 (Figure 4a). This becomes stronger when the 

effects of anagram skills and verbal fluency are partialled out, r(38) = .439, p = .006 offering a more direct measure of the 

impact of interactivity on word production. Contrary to our prediction (H2), interactivity conferred a steady benefit with no 

tailing off. Also, in contrast to our prediction (H3), the extent to which a participant recruited the letters to aid thinking did 

not significantly correlate with either verbal fluency, r(38) = .111, p = .481, or anagram skills, r(38) = -.032, p = .844. 

Performance in the Shuffle Condition

The effect of the shuffles also varied widely. As a proxy measure of ‘luckiness’ we measured by how long after a shuffle a 

word was produced: A word produced soon after a shuffle was considered to be prompted directly by that shuffle and so 

that shuffle could be deemed luckier. The correlation between this time (averaged out for those participants who had more 

than one shuffle) was significant, r(27) = -.520, p = .004 even when controlling for verbal fluency and anagram skill, r(27) = 

.422, p = .028, suggesting that the nature of the array produced by the shuffle and the words it stimulated was important to 

the overall number of words produced in that condition (see Figure 4b)
Low interactivity 

Participants cannot 

move the tiles, point or 

gesture.

High interactivity 

Participants are free to 

interact with the tiles as 

they wish.

Shuffle

Participants cannot interact with 

the tiles apart from to pick them 

all up and shuffle them.

Method

Figure 3. The experimental tasks and their order.  

Interactive word production tasks can be used to assess how recruiting 

external resources can support the thinker and scaffold her performance. 

The tasks typically involve the use of letter sets consisting of 7 letters and 

the participants are invited to create as many words as they can in a limited time frame 

(Maglio et al., 1999) in either a high interactivity (can rearrange the letters at will) or low 

interactivity (thinking must unfold in the head) condition. The benefits of interactivity in this 

task are that the use of lettered tokens reifies internal representations and allows for 

serendipitous unplanned moves through the problem space. 

The task was extended by Kirsh (2014) to explicitly assess the role of luck. Participants 

were given a digital interface and were invited to shuffle the letters by clicking a button. 

His data suggest a benefit for shuffling and the role of randomness in creating new words. 

It is unclear whether the benefit was due to chance or the low cost of both moving the 

letters and discarding the shuffled arrays. Furthermore, observations of participant 

behaviour indicate an inconsistent adherence to the experimental manipulation which 

may also drive performance (e.g., participants don’t always move the tiles in the high 

interactivity condition). The current experiment replicated Kirsh (2104), but moved the 

word production task to a physical problem space to increase the cognitive cost of the 

shuffle. Participants were also filmed to enable a detailed analysis of behaviour in the 

high interactivity condition.

Forty participants generated words from a set of 7 letter tiles 

(Figure 1) in each of three conditions: Low interactivity, high 

interactivity, and shuffle (Figure 2). Allocation of letter set to 

condition was counterbalanced across participants.

Figure 2. The three experimental conditions; participants had five minutes to generate as many words as they could. 

Figure 1. The 3 letter sets.

The level and type of interactivity was manipulated within-subjects. The main 

dependent variable was number of words produced; time spent interacting with the 

letter tiles (in the high interactivity condition) and latency to first word generated post 

shuffle (in the shuffle condition) were also measured. In addition, we profiled 

participants in terms of their (i) verbal fluency (using an adapted version of the 

Thurstone test), (ii) anagram skill (adapted from Webb), and (iii) openness and 

extraversion (subscales from the HEXACO). The procedure is illustrated in Figure 3. 
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Figure 4. Total number of words 

produced in the high interactivity 

condition as a function of the time 

spent interacting with the letter tiles 

(a); number of words produced in the 

shuffle condition as a function of the 

mean latency to first word produced 

after a shuffle (b). 
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