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General Framing Question:


Can we increase fluid intelligence across tasks by training working memory? 

Background:


Fluid intelligence is the human ability to adapt to new situations. It has been tied to problem solving skill, as well as professional and educational success. However, it is unknown whether it can truly be improved. Some “smart drugs” and video games claim to be able to increase fluid intelligence, but there has been no empirical evidence to back this up. Evidence exists that training on particular fluid intelligence tests increases scores on those tests, but this gain does not transfer to other fluid intelligence tasks, so the learning is really task-specific and not in the underlying ability. 

Analysis of fluid intelligence tests points to the importance of working memory. Neural circuits underlying fluid intelligence share some pathways with working memory (namely, lateral prefrontal and parietal cortices). 
Hypothesis:

While fluid intelligence and working memory are clearly not the exact same construct, they are interrelated. Fluid intelligence relies on working memory for certain parts of the task, such as keeping multiple goals in mind, attentional control, and task-management skills, among others. So the hypothesis being tested here is: if we train working memory in one (more general) setting, will we see increased fluid intelligence in others?

Procedure:

Working memory was trained using a dual-task paradigm called an “n-back” task, which took about 25 minutes each day.  This task had an audio component and a visual component, which were presented simultaneously, once every 3 seconds. The audio component was one of eight letters (i.e. “C” “T”), while the visual component was one of eight possible locations of a target. The participants task was to judge whether they had seen either the audio or visual target currently presented previously, “n” trials ago. That is, when n = 1 (the first condition), they had to decide whether it had been present in the last presentation. When n = 2, they had to decide whether it had been present 2 presentations ago, and so on. 

Each block consisted of 20 + n trials, and each day’s training consisted of 20 blocks. One key feature of this training was that it was continuously adapted to the skill level of the participant. If a participant made 2 or less mistakes, then the difficulty was increased (i.e. n was increased by 1). If a participant made 6 or more mistakes, then the difficulty was decreased (i.e. n was decreased by 1). Otherwise, the difficulty stayed the same. 
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Results:

First, training on working memory improves performance linearly (see Fig.2). That is, people do improve with training on the n-back task. 
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More impressively, this improvement also carried over to fluid intelligence tests. Also, just like the improvement was linear for training on the n-back task, the improvement on the fluid intelligence tests improved linearly as a function of training (see graph below).  
[image: image2.emf]
 Training improves test scores linearly over time. That is, with once a day training for up to 19 days, each day incrementally improves performance. This effect was not tied to any pre-existing individual difference. 
Discussion:


This effect is quite impressive, but what exactly is causing it? Authors hypothesize that the adaptive nature of their training on the n-back tasks does not allow automaticity to develop, but rather engages “g-related processes.” They also state that successfully completing the n-back task requires using a lot of executive processing to monitor performance, engage two tasks simultaneously, update representations in memory, and inhibit irrelevant items.  This effect occurs regardless of initial individual differences in fluid intelligence; both those high and low in fluid intelligence benefitted from this intervention. 
Sternberg’s Commentary:


Robert Sternberg had a commentary on the Jaeggi et al. study in the same edition of PNAS. He expressed admiration for the work, and laid out some guidelines and questions he feels are important for further research on this topic. These are:

1) Make sure that the benefit was due to working memory training, rather than some peculiarity of this particular training task, by using some other working memory training procedures.

2) Use some more fluid intelligence measures. The Jaeggi et al. study used only the Raven Progressive Matrices test. Does this effect generalize for other types of fluid intelligence tests?

3) Does improvement on fluid intelligence tasks also lead to improvement in other domains, such as academic or occupational success?
4) Does the predictive value of fluid intelligence tasks stay the same or improve after this training? Or does training people just mean that they get better at these sorts of tasks, with no carry-over into other realms.

5) Are these effects durable over time? The original study tested people right after training. What about a month later? A year? How long do these effects last?
6) There was no placebo treatment for the control group. The control group only took the test twice, with no intervention in between, not even a “fake” one. A placebo treatment might show some improvements as well. 
7) There is a great need for replication, so it is important to continue this line of research. Was there something particular about this design and procedure that led to these effects?
8) Does this effect generalize to other populations? The population in the original study was college students in Germany. Is there something particular to college students? What about younger people? Older? What about people who have particularly low fluid intelligence?
Sternberg makes a point that having these guidelines should not indicate a feeling that the original study is not important. Instead, the finding was particularly impressive, and worthy of a good deal of following-up. 
