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6 6 
Conclusions s 

Inn this thesis nine experiments on interference in skill acquisition are presented and 
discussed.. The occurrence of negative transfer and retroactive interference was investigated in 
simplee and complex skills and under different circumstances. 

Primaryy Findings 

Thee most important and very consistent finding in this series of experiments is that 
interferencee does occur in skill learning. The findings refute the assertion that interference is 
absentt in skill acquisition and confirm the idea that negative influences are often masked by 
positivee influences (Siipola, 1941). As expected, net negative transfer was found in the most 
simplee task. This finding contradicts the suggestion of Smith, Zirkler, and Mynatt (1985) that 
negativee transfer is limited to relatively complex tasks. 

Inn addition to negative transfer, retroactive interference was clearly demonstrated in skill 
acquisition.. The impact of retroactive interference was, however, smaller and more transient 
thann negative transfer, indicating that the first learned task is more robust against interfering 
material.. Our results are in accordance with the assertion that the influence of the training task 
onn the transfer task is greater than vice versa (Hunter, 1922). 

Inn the experiments presented in this thesis, interference was always found in response 
timess and seldom in error rates. This indicates that interference is often a rather subtle effect. 
Thee subtlety of the interference effect may be an important reason why interference was not 
foundd in studies in which errors were the only dependent variable (e.g., Duncan, 1953). In 
conclusion,, error rates cannot be considered as a reliable indicator of interference and should 
nott be used as the sole measure for interference. 

Secondaryy findings 

Ass demonstrated in Experiment 4.1, the performance deteriorated only on the re-paired 
responses.. This indicates that subjects do not adopt an intentional inhibition strategy. This result 
iss not in accordance with the findings presented by Schmidt, Fischer, Heydemann, and 
Hoffmannn (1991). In their study performance deterioration was global and affected also the 
unchangedd assignments. The discrepancy in findings might be explained by the difference in 
complexityy of the tasks that were used. The text-editing task used by Schmidt et al. (1991) was 
farr more complex than the coding task in our experiment. Such a complex task may leave more 
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roomm for explicit confusion and consequently for use of strategies to compensate for an 
accuracyy loss. We conclude that, at least in simple tasks, the performance deterioration is not 
thee result of an intentional process. 

Accordingg to Hunter (1922), one of the characteristics of interference is that it occurs 
immediatelyy after the switch. A possible explanation for interference at the beginning of the 
transferr task is that cognitive control cannot suppress the automatic processes. The findings of 
thee simple coding skills (presented in Chapter 2) were in accordance with the hypothesis of 
Hunter.. In the more difficult tasks (4.1 and 5.1), however, interference was found several blocks 
afterr the switch. A possible explanation is that immediately after the switch there is no firm 
representationn of the second skill yet and that the responding is slow and very controlled which 
mayy not leave room for intrusions of the first task. Although the precise mechanism behind the 
delayedd interference effect is unknown, it suggests that fluent responding is a prerequisite for 
interference.. That interference can occur after several blocks in the more difficult tasks may 
suggestt that interference is located at a stage where a non-conscious decision is made between 
responses. . 

Experimentt 3.2, in which the role of context in interference was investigated, was too 
limitedd to be decisive because background colour may have been too weak a manipulation. The 
onlyy implication may be that confusion, defined as the state in which a subject loses track of 
whichh task has to be done, may not be an important factor in the occurrence of interference in 
coding. . 

Theoreticall Implications 

Thee current, most commonly held view on negative transfer in skill acquisition is that 
convincingg experimental evidence for its occurrence is rare, and that when it is found its impact 
iss small and transient (e.g., Annett & Sparrow, 1985). In the early history of psychology, 
however,, there was a discussion whether the interference effect in verbal learning was small 
andd transient (Bergström, 1894). Thus, in this respect there appears to be no difference between 
skilll  acquisition and verbal learning. 

Althoughh the interference effects were small in an absolute sense, they were relatively 
largee considering the amount of training and the easiness of the task. Furthermore, the 
performancee deterioration was a matter of blocks rather than trials, an indication that the effect 
mayy not be as transient as suggested by Singley & Anderson (1989). In conclusion, the impact 
off  negative transfer must not be neglected and should be incorporated in any learning theory. 

Mechanisms s 

Inn most of the literature on learning of motor skills, negative transfer is seen as a 
cognitivee problem. One of the reasons is that the deterioration is seen in the decision component 
andd not in the movement component of the reaction times. Fendrich, Healy, and Bourne (1991) 
proposee that the effect of repetition in highly procedural tasks is largely cognitive. The term 
cognitivee is, however, somewhat ambiguously used in the literature. First, cognitive may be 
usedd to state that a process is non-motor. Second, cognitive may be used to refer to an explicit, 
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consciouss thought process. In the motor literature, the cognitive processes mediating negative 
transferr are thought to be "confusions about what to do". It seems that the interference as found 
inn our experiments was cognitive in the definition of a non-motor process, but not the 
consequencee of explicit confusion. One of the reasons to exclude explicit confusion is that some 
subjectss did not report confusion in the exit interview, whereas their results showed a negative 
transferr effect as computed by subtracting the mean RT on the B task from mean RT on the A 
task.. Note, however, that no sound conclusions can be drawn from these results because they 
aree based on self-report measures and on an individual transfer index that was computed with 
scoress that were based on material that was counterbalanced across subjects and thus not 
suitablee for individual use (e.g., possible differences in difficulty in A and B task). 

Recentt studies demonstrate that procedural learning does not depend on the specific 
effectorss used during training (Cohen, Ivry, & Keele, 1990; Fendrich et al., 1991; Stadler, 
1989).. The individual characteristics of one's handwriting are conserved, for instance, 
irrespectivee of the way, by hand, mouth or toes, the writing was done. Speeded key pressing 
experimentss have found similar support for cognitive components in motor tasks. Although 
speculative,, we assume that a low level (non conscious) response-decision stage may be the 
sourcee of performance deterioration as found in our experiments. Different theoretical 
mechanismss have been proposed that may account for the decrease in response times and the 
increasee in error rates in the situation that different responses are linked to similar stimuli. A 
well-studiedd instance of the pairing of different responses to one stimulus is the fan effect 
(Anderson,, 1974). Fan effects refer to the increase in reaction time, caused by the increase in 
thee number of facts associated with a concept. In a typical study, subjects learn sets of 
sentences,, such as "the lawyer is in the church", "the hippie is in the park", and "the lawyer is 
inn the park" (Note that lawyer is associated with church and with park). Subjects are asked to 
rehearsee these sentences until they know them by heart. Next, they are tested in a speeded 
recognitionn test, during which they are presented with sentences and have to judge whether they 
recognisee these from the study set. Recognition time increases as a function of both the number 
off  facts studied about the person (e.g., the lawyer), and the number of facts studied about the 
locations.. Anderson & Reder (1999) state that when more facts are associated to a concept, the 
strengthh of the associations from the concepts to these facts decreases and thereby less 
activationn is spread to these facts. The interference effect is attributed to the associative link 
betweenn the cue and the target fact. Although the fan effect was investigated with verbal 
materiall  and is, according to the strict distinction in knowledge systems limited to facts, our 
resultss may be explained by a similar mechanism. Interference found in skill acquisition may be 
consideredd the result of a minimal version of the fan effect, namely a fan effect of two 
responses. . 

Anotherr explanation that may account for the response deterioration we found in skill 
acquisition,, is response competition. Response competition is the consequence of a successive 
attachmentt of different responses to the same stimulus (Postman, 1972). Specific response 
competitionn assumes that at recall both responses may be aroused and block each other, or one 
responsee might be momentarily dominant and displace the other. It is also assumed that the 
strengthh of the associations fluctuates, and that therefore the effects of competition are likely to 
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bee transitory given sufficient time. Similar to the fan effect the response competition hypothesis 
concernss the recall of verbal material, nevertheless, it explains our results as well. 

Ann important difference between these two explanatory mechanisms is that a fan 
mechanismm refers to a problem in activation, whereas in response competition both responses 
aree activated and block or suppress each other. Unfortunately, the response competition 
hypothesiss is rather a description than a mechanism, making a sound comparison impossible. At 
thee moment there is no conclusive evidence to favour one of these somewhat superficial 
explanationss and therefore it seems better to stick to a description. Our conclusion is that 
interferencee occurs in situations where stimuli and responses are re-paired. The re-pairing leads 
too an increase in response times that fluctuates roughly between 100 and 200 milliseconds per 
responsee in our experimental tasks and in rare occasions, it leads to higher error rates. 

Badd Habits or Bad Ideas 

VanLehnn (1996) proposes that the most important issue in transfer research should be 
thee interaction between automatic (habits) and cognitive (ideas) knowledge factors and their 
relationn to interference effects in skill acquisition. In other words, is negative transfer the result 
off  bad ideas, bad habits, or both? Our results suggest that negative transfer is the result of bad 
habits.. In other words, interference is mainly caused by automatic factors. This does, however, 
nott completely exclude bad ideas as source of performance deterioration. Einstellung, for 
example,, is an illustration of the negative effect of prior learning due to a bad idea rather than a 
badd habit. As was already discussed in the introduction, Einstellung and interference are 
mediatedd by different mechanisms. It seems that the present answer to VanLehn is that 
interferencee effects in all kinds of skill acquisition occur when competing responses are 
involvedd and when the tasks are somewhat automated. The only conscious cognitive factor 
affectingg interference is the strategy to adjust the speed by which the task is done. The results of 
ourr experiments under difficult circumstances demonstrate that a very controlled manner of 
respondingg eliminates the interference effect. It seems that interference occurs mainly in 
situationss where the performance on the present task becomes somewhat fluent after a 
considerablyy trained task with opposing responses. 

Short-termm and Long-term Effects 

Thee short-term effects of the interference have been studied in this series of experiments, 
butt what about the long-term effects of interference? There are at least three possibilities. The 
firstt possibility is that there will always be some interference between the similar tasks with 
reversedd responses. When the tasks are alternated, the performance on the separate tasks will 
neverr be as good as when only one task was trained. A second possibility is that worse 
performancee in training leads to better performance later. The performance in training is in this 
vieww by no means representative for the performance later on (Schmidt & Bjork, 1992). This 
vieww is mainly held in contextual interference literature. A third possibility is that after initial 
problemss in learning the performance will gradually become better and interference wil l 
decreasee because the representations of the two skills become distinct or that each of the 
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representationss is associated with a specific context. This view predicts that in the long run the 
samee performance can be found in alternated tasks compared to tasks learned in isolation. 
Evidencee for each of these possibilities has been found, making it impossible to make a choice 
forr one of the possibilities. Upon closer inspection, however, these three possibilities may not 
bee mutually exclusive. For example, it might be that alternation may lead to better performance 
ass measured in error rate and relearning rate {possibility 2 or 3) but that the maximum speed 
afterr prolonged training, in the so called saturation phase, may be slower (possibility 1). 

Finall Comment 

Thee interference effects in verbal learning and skill learning do not seem to differ much. 
Inn skill learning as well as verbal learning combinations of stimuli and responses have to be 
learned.. The sometimes supposed difference in interference sensitivity between skill learning 
andd verbal learning is definitely not confirmed in our studies. In certain circumstances 
interferencee occurs in skill learning. Interference was found in simple skills and in well-trained 
complexx skills. This finding suggests that a strict distinction between psychomotor skills and 
cognitivee skills is artificial (See for a review of arguments against this distinction Rosenbaum, 
Carlson,, & Gilmore, 2001). Our findings suggest that the supposed lack of interference cannot 
bee used as an argument for a distinction between psychomotor skills and cognitive skills, 
declarativee and procedural skills, verbal learning and skill learning. The process that leads to 
interferencee seems to be a fundamental mechanism that appears when more responses are 
linkedd to one stimulus. The recent finding of interference in implicit memory, another domain 
thatt was believed to be insensitive to interference, adds further support to the fundamental 
naturee of the interference mechanism (Lustig & Hasher,, 2001). 

Issuess that seem important for future research on interference in skill acquisition are, 
amongg other things, the role of individual differences and the influence of highly demanding 
situations. . 

Inn modern experimental psychology the role of the individual is somewhat neglected. 
Thee main reason for this neglect is methodological. Experiments are designed to minimise noise 
byy counterbalancing, and therefore, comparison of individuals becomes impossible. Individual 
differencess are often considered to be noise. The interpretation of individual differences as 
noisee is, in our opinion, sometimes made too easily. The study of individual differences in 
sensitivityy to interference is important because it may extend our knowledge of the fundamental 
naturee of interference. To gain further insight, the relations between sensitivity to interference 
andd characteristics such as accuracy, intelligence, or an overall tendency to confuse things (e.g., 
leftt and right confusions) can be studied. 

Thee influence of highly demanding task situations on the occurrence of interference is 
mainlyy important for practical situations. Although negative transfer may be small and 
seeminglyy transient there are indications that in some situations, particular stressful and sudden 
highlyy demanding situations, people may fall back on inappropriate habits learned earlier, 
Especiallyy in situations where an error may have serious consequences, such as driving or 
operatingg dangerous devices, long-term studies on habit intrusion in high demand situations are 




