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1 1 
Introductio n n 

Humans,, among other animals, have the capacity to acquire and retain information about 
pastt experiences. One of the processes that seems to limit the capacity to retain information is 
forgetting.. Interference is considered the main cause of forgetting (e.g., Mensink & Raaij-
makers,, 1988). Interference refers to a hindering effect of information on the retrieval of other 
informationn from memory. Although interference seems to be an erroneous aspect of memory, 
itt might be the consequence of the organisation of a highly efficient memory system. To gain 
moree insight into the organisation of memory, a clear understanding of the interaction between 
oldd and new information in memory is important. The central topic of this thesis is the 
occurrencee of negative transfer and retroactive interference in skill acquisition. Negative 
transferr refers to the situation in which old information impedes the learning of new 
information.. Retroactive interference refers to the situation where new information impedes the 
retrievall  of old information. 

Bjorkk (1992) hypothesises that the interference mechanism has an adaptive function. The 
systemm is adaptive because the present state is available along with the older state. As new 
informationn is learned, access to out-of-date information is inhibited but not completely erased. 
Accordingg to this view, interference is the inevitable consequence of a robust and flexible 
memoryy system that is using the same responses with similar stimuli. The memory system is 
robustt because the original information is inhibited after encountering another instance with the 
samee information. The memory system is flexible because new instances are immediately added 
too the knowledge base. Another advantage of this system is that when the older response has to 
bee revived, it will cost less effort than completely relearning. This system will therefore be very 
efficient.. The drawback of this organisation will be a slight delay or sometimes a mistake when 
thee decision between two or more responses has to be made. 

Negativee transfer has been studied extensively in verbal learning (see for a review, 
Postman,, 1972). In skill learning and performance, however, negative transfer has been 
relativelyy neglected (Blais, Kerr, & Hughes, 1993; Proctor & Healy, 1995; Schmidt & Young, 
1987).. Consequently, theoretical progress on the conditions and effect of transfer of skills has 
beenn limited (Singley & Anderson, 1985). This lack of progress is possibly one of the reasons 
whyy the interest in transfer and interference in verbal and motor behaviour decreased with the 
risee of cognitive psychology (Adams, 1987). The research on transfer has a relatively long 
historyy in learning research (e.g., Thorndike and Woodworth 1901a, 1901b) Based on these 
experiments,, Thorndike (1906) developed the theory of identical elements which states that 



2 2 ChapterChapter 1 

transferr between skills is only possible when the skills have elements in common. Thereby it 
opposess the Doctrine of Formal Discipline in which a view is adopted that assumes a very 
broadd transfer between skills. The main criticism of the common elements theory was its use of 
vaguee concepts such as identical and elements (Parreren, 1962). The core idea, however, is still 
presentt in revised versions of the identical elements model (Rickard & Bourne, 1995; Singley & 
Anderson,, 1989). One of the characteristics of the original identical elements model is that the 
leastt transfer that is possible, i.e. in situations when skills have no elements in common, is zero 
transfer.. According to the identical elements theory, negative transfer cannot occur in skill 
acquisition. . 

Thee question is whether the absence of negative transfer and interference in skill 
acquisitionn is in accordance with reality. The experiments in this thesis were designed to answer 
thiss question. Unfortunately the views on transfer are somewhat troubled because of the 
inconsistentt use of the terminology. 

Explanatio nn of Terminolog y 

Studiess on negative transfer and interference range from animal learning (e.g, Chittka & 
Thomson,, 1997; Hunter, 1922) to motor learning (e.g., Kleven, Herring, & Dickinson, 1986; 
Lewis,, McAllister, & Adams, 1951) to verbal learning (for an overview see, Postman, 1972) to 
cognitivee skill learning (e.g., Heydemann, Hoffmann, & Schmidt, 1991; Singley & Anderson, 
1989).. This diversity of fields has led to various paradigms and terms. The inconsistency in use 
off  the different terms is also caused by a change in the conventions in terminology over the 
yearss (Battig, 1966). The lack of a standardised way of defining transfer is illustrated by the 
existencee of numerous transfer formulas (for reviews see e.g., Gagné, Foster, & Crowley, 1948; 
Murdock,, 1957; Singley & Anderson, 1989). According to Ellis (1965), this may even have 
hinderedd scientific progress on transfer. It is therefore important to give some more background 
onn the terminology as it is used in the literature and this thesis. 

Transfer r 

Transferr of training is the influence of a previously practised skill on the learning of a 
neww skill (Magill, 1989). Transfer has also been defined as the degree to which a behaviour will 
bee repeated in a new situation (Detterman, 1993). In the first definition the emphasis is on 
transferr between two skills, whereas in the second definition the emphasis is on the application 
off  a skill in a new situation. Although there is overlap in the factors in both situations (e.g., the 
rolee of similarity), it is likely that some of the mechanisms involved in transfer of learning to 
subsequentt learning are different from those involved in the application of learned material in a 
differentt context. It is therefore of practical use to make a distinction between types of transfer. 
Dettermann (1993) distinguished near and far transfer. Near transfer is transfer to situations that 
aree identical except for a few important differences. An example of near transfer is learning to 
draww lines of three centimetres after training on lines of two centimetres. Far transfer is transfer 
too situations that are very different, e.g. using knowledge of biology for the solution of a 
problemm in concrete erosion. According to Detterman (1993), far transfer is rare and accounts 
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forr very littl e human behaviour. In this thesis the focus is on near transfer because in near 
transferr situations a fair amount of transfer is possible. 

Transferr of training may take two forms. The first form is negative transfer. This is the 
situationn in which learning of the first material impedes the learning of the second material 
(Anderson,, 1995). The second form is positive transfer. This is the situation in which learning 
off  the first material facilitates the learning of the second material (Anderson, 1995). According 
too Battig (1966), the terms positive and negative transfer refer to overall transfer, whereas the 
termss facilitation and interference refer to individual component sources of transfer effects. 
Althoughh this seems a straightforward distinction, the terms are not always used in this way. 
Thee definition of transfer given by Anderson (1995), for example, does not explicitly refer to 
overalll  effects. Figure 1.1 shows hypothetical learning curves illustrating net positive (curve B) 
andd net negative transfer effects (curve C). Although various indexes can be used to compute 
overalll  transfer, in Figure 1.1 the initial levels of curve B and C are compared with the initial 
levell  of task A. With overall effects, the performance on task B is compared with the 
performancee on task A, whereas component processes can only be studied by comparing the 
performancee on task B with an appropriate control group. 

£ £ 
i --

. . 
o o 
ü . . 
l/l l 
Hi Hi 

Lt l l 

Trainingg Transfer 

Figuree 1.1. Hypothetical training and transfer curves illustrating possible transfer 
situations.. The horizontal dash line depicts the initial performance level on the 
trainingg task. Performance may be for example response times or error rates. 

Thee term negative transfer refers in this thesis to a hindering effect of a previously 
learnedd task on the learning or performance of the new task. Note that the term negative transfer 
iss used as a component source of transfer and not as an overall effect. This violates the 
recommendationn of Battig (1966) but is in line with the mainstream use. The term net negative 
transferr always refers to overall transfer (e.g., in Figure 1.1. net negative transfer is illustrated 
byy curve B) 
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Interference e 

Interferencee refers to a negative relationship between the learning of two sets of material 
(Anderson,, 1995). The term interference should refer to a retrieval problem, whereas the term 
negativee transfer should refer to a learning problem, but often the exact cause of the 
deterioratedd performance, learning or retrieval, cannot be determined. Most researchers use the 
termm interference in the sense of an impairment without specifying whether learning or retrieval 
iss involved. As a consequence, the suggested distinction between interference and negative 
transferr is not always adopted. 

Twoo forms of interference are distinguished in verbal learning. Proactive interference 
meanss that the previously learned material accelerates the forgetting of subsequently learned 
materiall  (Anderson, 1995). Sometimes this situation is also referred to as proactive inhibition. 
RetroactiveRetroactive interference means that the learning of new material accelerates the forgetting of 
thee previously learned material. Sometimes this situation is also referred to as retroactive 
inhibition. . 

Inn addition to these two forms of interference sometimes the term procedural 
interferenceinterference is used in the literature (e.g. in Singley & Anderson, 1989). This terminology is 
basedd on the distinction between declarative and procedural knowledge. The relevance of this 
distinctionn for the study interference in skill acquisition will be further discussed in one of the 
nextt paragraphs. An example of different procedures interfering with each other can be found in 
thee Stroop task. In the standard Stroop task, the subject is required to name the ink colour of a 
wordd without attending to the meaning of the word. When the word is a colour word which is 
differentt from the colour in which it is printed, e.g. the word RED printed in green ink, the 
readingg of the word interferes strongly with colour naming, resulting in an increase in naming 
timee and number of errors (Stroop, 1935). Although there is a debate about the explanation for 
thee effect and its implications (see Shiffrin, 1988), the Stroop effect itself is very robust. In 
earlyy literature on learning, also terms such as habit formation and associative interference can 
bee found for the negative influence of prior learning (Ryans, 1936). 

Althoughh interference refers in a strict sense only to forgetting, it is used in this thesis in 
aa somewhat broader sense and also incorporates negative transfer. In this thesis the term 
interferencee refers to an impeding effect of one task on another, irrespective whether learning, 
retention,, or both are involved. The negative influence of recent learning on the performance of 
aa previously learned task will be referred to as retroactive interference. The reason for making a 
distinctionn between negative transfer and retroactive interference is mainly a practical one, 
namelyy to differentiate the situations in which the interference occurs. The situation in which 
thee learning of Task A deteriorates the performance on Task B will be referred to as negative 
transferr (Task A -» Task B). The situation in which Task B deteriorates the performance of 
Taskk A in a retest will be referred to as retroactive interference (Task A - Task B -> Retest Task 
A).. Although two different terms are used, we don't want to imply that there is a difference in 
thee underlying mechanism involved in negative transfer and retroactive interference. 
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Einstellungg or Set 

Anotherr term used for the hindering effect of prior learning on subsequent performance 
iss Einstellung, also referred to as set. Set is the phenomenon in which, as a consequence of 
previouss learning, certain responses may become more easily available, whereas other 
responsess become less easily available. A classic study where a set effect is obtained is the 
waterr jar task conducted by Luchins (1942). In the water jar task subjects have to measure a 
specifiedd amount of water, using a given set of measuring jars and a source containing water. 
Forr example, when the amount of 100 units is required with jars of A = 21, B = 127, and C = 3 
units,, the correct answer could be obtained by fillin g jar B, then pouring from it to fil l A, and 
thenn fillin g C twice (answer = B - A - 2C). When this rule has led to the correct answer several 
times,, subjects tend to use this rule and not to consider other easier solutions. When for instance 
200 units are required with jars of A = 23, B = 49, and C = 3 units, the correct answer could be 
obtainedd by using the previous rule but also in one step by pouring jar A into C (A - C). 
Dependingg on the subject group, Luchins found that 75% to 100% of the subjects suffered from 
aa set effect. 

Sett is a hindering effect of prior learning that is characteristic for problem solving 
studies.. The underlying mechanism for the set effect seems to be different from interference as 
foundd in verbal learning. Set is a form of ignorance or narrowing of the mind that can be 
abolishedd by instruction. The writing of the words "don't be blind!" before the crucial problems 
inn the water jug task lead, for example, to a substantial increase in the use of most economical 
solution.. In contrast with set, interference often takes place despite the subject's awareness of 
thee conflicting responses. 

Skilll Learning and Skill Acquisition 

Inn this thesis the terms skill learning and skill acquisition are used as synonyms instead 
off  referring to intentional learning as learning and to incidental learning as acquisition. The 
mainn reason is that in many skills it is not precisely known what is intentionally learned and 
whatt is incidentally acquired. The impossibility to differentiate between the two forms of 
learningg and the arbitrary use of the terms in the literature led us to the decision to use skill 
acquisitionn and skill learning interchangeably. 

Thee Occurrenc e of Interferenc e in Skil l Acquisitio n 

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). Schmidt and Young (1987), however, 
suggestt that the findings on negative transfer are too divergent to conclude that there is a 
generall  lack of negative transfer. 

Singleyy and Anderson (1989) conducted an experiment in which it was attempted to 
demonstratee negative transfer between text editors. In this experiment subjects learned a text 
editorr (Emacs) and switched after two sessions to a text editor in which function-key 
combinationss were different (perverse Emacs). Some functions were linked to new key 
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combinationss (e.g. the function "delete character" was executed with the key combination 
"control""  and "d" in Emacs and with "escape" and "e" in perverse Emacs) and some functions 
weree linked to key combinations that were previously used for another function (The key 
combinationn "control" and "a" was used for the function "beginning of line" in Emacs and for 
"deletee word" in perverse Emacs). A large amount of positive transfer and a tendency to use a 
complexx instead of an easy deletion procedure in the transfer task was found. The experiment 
clearlyy showed the possibility of positive transfer but does not seem to be a definitive 
demonstrationn that interference is totally absent in skill learning. Nevertheless, Anderson (1995) 
concludess that in skill acquisition only positive transfer is possible and that interference such as 
foundd in verbal learning is nonexistent. 

"There"There seldom seems to be negative transfer, in which learning one skill makes a 
personperson worse at learning another skill. Interference, such as that which occurs in 
memorymemory for facts, is almost nonexistent in skill acquisition. (...) There is only one 
clearlyclearly documented kind of negative transfer in the case of cognitive skills. This is the 
Einstellungeffect..."Einstellungeffect..." (Anderson, 1995: p. 299) 

Thiss statement will be referred to as the nonexistence hypothesis. The only exception according 
too Anderson (1995), is the transfer of nonoptimal method, also referred to as Einstellung. In 
otherr words, the only negative transfer possible in skill acquisition is positive transfer 
misapplied. . 

Thee strongest argument that counters the nonexistence hypothesis is that interference in 
skilll  learning has been found. Interference was found in text-editing experiments that followed 
thee A-B, A-Br paradigm more strictly than Singley and Anderson (1989) had done (Heydemann 
ett al., 1991; Schmidt, Fischer, Heydemann, & Hoffmann, 1991). Moreover, interference in skill 
learningg was found four decades earlier in studies that made use of considerably simpler skills 
(e.g.,, Lewis et al., 1951; Parreren, 1951). Lewis et al. (1951) claim that the strongest negative 
transferr has been found in situations across which stimulus conditions were the same and the 
responsess required were reversed. Wylie (1919, cited in Mandler, 1954) hypothesises that 
positivee transfer occurs when an old response is required to a new stimulus, while negative 
transferr occurs when a new response is required to an old stimulus. A similar conclusion was 
reachedd by Hunter (1922), who summarises the studies of habit interference in three rules, of 
whichh the first rule is that formation of one simple habit might seriously interfere with the 
formationn of a second habit. More recent, Kramer, Strayer, and Buckly (1990) report that it is 
difficul tt to suppress automatic processing that develops as a result of extensive practice with 
consistentt stimulus-response relations. Contrary to the nonexistence hypothesis these findings 
demonstratee that the occurrence of interference in skill learning is not implausible. 

Declarativee and Procedural Knowledge in Skill Learning 

AA common distinction found in the memory literature is the distinction between 
declarativee and procedural knowledge (Winograd, 1975). Declarative knowledge is knowledge 
aboutt something (e.g., "a whale is a mammal") and procedural knowledge is knowledge about 
howw to do something (e.g., ride a bicycle). Another way of describing the two types of 
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knowledgee is that declarative knowledge is knowledge that a certain relationship exists or 
certainn actions are appropriate, whereas procedural knowledge is knowledge of how to respond 
too a situation (Butterfield, Slocum, & Nelson, 1993). 

Inn Anderson's ACT-R model both types of knowledge are represented in a different way. 
Declarativee knowledge is represented by an associative network, whereas procedural 
knowledgee is represented by production rules (Anderson, 1996). According to Anderson 
(1987),, one of the characteristics of procedural knowledge is that it does not seem to be subject 
too interference. Singley and Anderson (1989) state that the fact that declarative interference is 
welll  documented, whereas procedural interference is not, suggests another possible distinction 
betweenn these two types of knowledge. 

Inn contrast with Singley and Anderson (1989), Heydemann et al. (1991) found 
interferencee in a well designed text-editing experiment. This finding may imply two excluding 
explanations.. The first explanation is that declarative and procedural knowledge are not so 
distinct.. Although Firmly supported in the memory literature, the distinction is not uncriticised. 
Accordingg to Rumelhart and Norman (1988), the distinction is theoretically hard to uphold 
becausee in some sense all knowledge is declarative up to the point where the physical actions 
aree performed. Although the distinction may be theoretically hard to uphold it is useful in 
practicall  situations. It is obvious that the learning of the rotary pursuit task, a task in which a 
movingg target has to be closely followed with a stylus, and the learning of word lists differ in 
manyy respects. It remains the question whether mechanisms that mediate learning of the 
differentt types of knowledge are also different. 

Thee second explanation is that declarative and procedural knowledge are both relevant in 
editing.. Surprisingly, the principal message of a paper by Anderson, Fincham, and Douglass 
(1997)) is that performance in a skilled task reflects a complex of abstract declarative and 
procedurall  rules. This contradicts the statement that the absence of interference in skill learning 
supportss the distinction between declarative and procedural knowledge. If every skill is a mix of 
bothh declarative components and procedural components, the absence of interference in skill 
learninglearning (e.g., text editing) can never be interpreted as support for the distinction between 
declarativee and procedural knowledge. 

Att this stage there are no arguments to prefer one of the explanations over the other. 
Howeverr both explanations contradict the statement by Anderson (1995) that interference is 
absentt in skill learning. 

Hypothesess and expectations 

Thee leading hypothesis in this thesis is that interference can occur in skill acquisition. 
Wee hypothesise that interference is dependent on the nature of the task and not a characteristic 
forr one type of knowledge or memory system. 

Itt is expected that interference (negative transfer and retroactive interference) will occur 
whenn the task characteristics of skill acquisition experiments are comparable to those of verbal 
learningg experiments. We hypothesise that the absence of interference in skill acquisition may 
nott be the result of fundamental differences between declarative and procedural knowledge, but 
mayy instead be explained by differences in the task characteristics or task demands. The 
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differencess between verbal learning tasks and so-called procedural tasks are much greater than 
thee difference in the "material" that is learned. That interference is found in verbal learning may 
bee caused by, for instance, the abstract nature of the task. Characteristics such as task 
complexityy and relationship to daily life may also play a role in the occurrence of interference. 
Thee advantage of using a simple skill is that its resemblance to paired-associate learning is 
muchh greater than the relatively complex task of text editing. 

Inn our view, the best way to investigate interference is by isolating it from the possible 
positivee effects (e.g., learning to learn) by using a proper control group. One of the possible 
reasonss that other studies failed to find interference in skill acquisition is that only net effects 
weree used. These net effects are in most cases not suitable to detect interference, since positive 
effectss may mask the negative effects (Siipola, 1941). Response generalisation and learning to 
learnn are possible factors contributing to positive transfer (Duncan, 1953). It is therefore 
importantt to focus on component processes instead of net transfer effects when investigating 
negativee transfer and retroactive interference. Focussing on component processes may not 
alwayss be relevant for practical situations (e.g. training studies), but it is required for making 
claimss that have strong theoretical implications. 

Wee expect that transfer will be limited to similar tasks. Interference will occur when 
competingg responses are coupled to the same stimuli. Interference may appear as an increase in 
responsee times and/or in error rates. The amount of interference will depend on the number of 
competingg elements and its absolute contribution will be the same in simple and complex tasks. 
Itt wil l therefore be harder to find interference in complex tasks. Smith, Zirkler, and Mynatt 
(1985)) hypothesise that negative transfer is limited to a skill that is relatively difficult to master. 
Inn contrast, we hypothesise that the absolute amount of interference does not change with task 
difficultyy and that negative transfer is therefore more visible in relatively easy-to-master skills. 

Rational ee behin d thi s Thesi s 

Theree are both theoretical and practical reasons for investigating negative transfer in 
skilll  acquisition. In modern theories of skill learning negative transfer is considered to be absent 
orr is not incorporated at all (e.g., Anderson, 1987; Logan, 1988; Schmidt, 1975). Even if 
negativee transfer is rare, a theory of skill acquisition cannot be complete without treating the 
subject.. From a theoretical perspective, it is therefore necessary to gain more insight into the 
taskss and circumstances under which negative transfer and retroactive interference arise. A 
practicall  reason for studying negative transfer between similar skills can be found in the 
potentiall  implications for optimising learning behaviour. Schmidt and Young (1987) were 
shockedd to find so littl e interest in problems of transfer of movement control, despite its 
importancee in issues concerning simulator design and training methods. 

Thee skill literature talks loosely about interference in learning without demonstrating 
thatt it actually takes place (Fazey & Fazey, 1989). At the same time there is a lot of speculation 
aboutt negative transfer, yet there are few studies that focus on this aspect of learning alone. The 
studiess reported in this thesis try to extend our knowledge of transfer and interference in skill 
acquisition. . 
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Overvie ww of thi s Thesi s 

Inn this thesis, a series of experiments on interference in skill acquisition is reported. 
Inn Chapter 2, four experiments are presented that were designed to investigate the 

existencee of negative transfer and retroactive interference in a simple coding skill, the digit-
letterr substitution task. The main research question addressed in Chapter 2 is whether 
interferencee is possible in skill acquisition. In Experiment 2.1, negative transfer is studied in a 
computerisedd forced choice reaction time experiment. Experiment 2.2 also investigated whether 
retroactivee interference occurs in skill learning. In Experiment 2.3 and 2.4, paper and pencil 
codingg tasks were used to further simplify the skills acquired and thereby minimise the role of 
positivee transfer. 

Chapterr 3 investigates the impact of two factors, training schedule and distinctiveness of 
thee tasks, on interference in paper and pencil coding tasks. In Experiment 3.1, the performance 
duringg a quick alternation of different tasks was compared with the performance during a slow 
alternation.. This experiment served as a pilot experiment for experiment 3.2, in which the 
influencee of context and distinctiveness on interference was studied. 

Inn Chapter 4 two studies are presented in which the difficulty of the tasks is increased 
comparedd to the previous experiments. Two new computerised coding tasks were developed 
thatt differed from the previous experiments in many aspects, such as way of responding and 
stimulii  used. In Experiment 4.1, the number of reversals was varied to assess its influence on 
thee quantitative and dynamical aspects of interference. In addition, it was investigated whether 
ann intentional inhibition strategy could be ruled out as an alternative explanation for the 
interferencee effect. In Experiment 4.2, a dual task paradigm was used to increase task demand. 
Thee main aim was to establish whether there was evidence for the hypothesis that increased task 
demandd could make the interference effect more visible in the error rates. 

Chapterr 5 investigates whether interference occurs in a more complex task such as linear 
ordering.. Experiment 5.1 is more comparable to the text editing experiment by Singley and 
Andersonn (1989) in terms of training time and complexity. Finally, Chapter 6 presents the main 
conclusionss and a discussion of findings. 





2 2 
Interferenc ee in Letter-Digi t Substitutio n 

AA series of four experiments is reported, addressing questions about the occurrence of 
negativenegative transfer and retroactive interference in skill acquisition. In Experiment 2.1 
negativenegative transfer was studied in the learning of different variants of a letter-digit 
substitutionsubstitution task (coding skill), implemented as a choice-reaction time task. Subjects 
learnedlearned one variant of the coding skill and transferred to a coding skill in which 
stimulistimuli and responses were re-paired (A-B, A-Br design). Negative transfer was found. 
InIn Experiment 2.2, the coding task included a retroactive test phase in which the first 
learnedlearned skill was retested after interpolated coding. Negative transfer and retroactive 
interferenceinterference were found. The negative transfer effect was, however, smaller and more 
transienttransient than the effect Parreren (J 951) found. Therefore, a closer replication of the 
ParrerenParreren study with a paper and pencil coding instead of a computer version was 
conductedconducted in Experiment 2.3. Experiment 2.4 investigated also the occurrence of 
retroactiveretroactive interference. Strong negative effects were found. The effects were found in 
responseresponse times, as well as in error rates (less consistent). It is concluded that, in 
contrastcontrast with some of the current ideas on this topic (Anderson, 1995), interference 
doesdoes occur in learning of skills. 

Positivee transfer of training, i.e. the positive effect of a preceding activity (training task) 
uponn the learning of a new task (transfer task), is thought to be possible when tasks have 
elementss in common (Thorndike, 1906). According to this identical elements theory, the 
amountt of positive transfer increases when similarity between tasks increases. Negative transfer 
iss not possible according to the identical elements theory because the least possible transfer is 
whenn tasks have no elements in common. Studies on verbal learning (e.g., learning paired 
associates)) have shown that an increase in similarity can also lead to negative transfer (e.g., 
Bilodeauu & Schlosberg, 1951). Thus, increases in similarity can both lead to positive and 
negativee transfer. 

Inn contrast with results found in verbal learning, negative transfer and interference have 
seldomm been found in skill learning. Some studies emphasise the possibility of positive transfer 
byy showing that in research in which interference is expected, i.e. situations where stimulus 
conditionss are the same but the responses required are re-paired, A-B, A-Br design, no negative 
transferr was found (Singley & Anderson, 1989). This led Anderson (1995) to conclude that 
interferencee such as found in memory for facts, is nonexistent in skill learning. The only 
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exception,, according to Anderson, is negative transfer that is due to transfer of nonoptimal 
methods,, also referred to as set or Einstellung. Transfer is perfect in this situation, but the 
subjectss do not consider other and better solutions to a problem than the ones already learned. 
Thee nonexistence hypothesis as proposed by Anderson can be questioned for several reasons. 

1.. A possible reason for the absence of negative transfer in many experiments is that 
transferr effects are often measured as an aggregate of several effects resulting from different 
sources.. Even when an A-B, A-Br design does not lead to negative transfer on an aggregate 
level,, it is still possible that the positive effects (e.g., training effect) mask the negative effects. 
Siipolaa (1941) who did not find negative transfer in a transfer task with reversed responses 
arguess that positive influences, such as familiarity with the broad nature of a task, 
overshadowedd the negative influence of the reversions. To gain insight into the occurrence of 
interference,, it is important to look at the component processes and to isolate the interference 
effects.. To circumvent the problem of aggregate measures, it is necessary to differentiate within 
thee transfer task between learning of the new procedures and negative transfer. This can be 
accomplishedd by comparing an experimental group with a control group for whom the transfer 
taskk contains new stimuli instead of a reversal of the first learned stimuli. Thus, by comparing 
thesee groups the effects of the negative factors alone can be measured. 

2.. It seems that a reliable assertion about the occurrence of interference in skill learning 
iss only possible when the task complexity and amount of training is somewhat comparable with 
thatt in the verbal learning experiments. The nonexistence hypothesis builds on a comparison 
betweenn the results of learning simple (not always easy however) tasks in verbal learning (e.g., 
learninglearning of paired associates) and the results of learning complex tasks in skill acquisition (e.g., 
learningg of text-editors). It is concluded on basis of this comparison that findings from the 
verball  learning literature could not be generalised to skill learning (Anderson, 1995; Olson & 
Olson,, 1990). Thus, although the use of real lif e skills is a useful way to obtain information on 
practicall  issues concerning learning, it is not always suitable for answering questions on a 
theoreticall  level. 

AA simple task is more suitable for answering the question whether negative transfer 
occurss in skill acquisition for several reasons. First, simple tasks allow more control over the 
characteristicss of the stimulus and response sets, as well as the mappings between them 
(Proctor,, Reeve, Weeks, Dornier, & Van Zandt, 1991). Second, a simple task contains fewer 
elementss than a complex task. The negative transfer effect will be larger in a simple task in 
comparisonn with a complex task with the same number of response reversals because in a 
simplee task there are fewer factors working in the positive direction. Therefore, the chances for 
findingg negative transfer at an aggregate level will be higher when using a simple task. Third, a 
simplee task becomes automated faster. To investigate negative transfer in skill acquisition, 
knowledgee of the entry levels of training is needed, as well as behaviour in well-trained 
situations.. It is evident that a simple task makes this easier and less time-consuming. 

3.. The statement that negative transfer and interference are absent in the case of skill 
acquisitionn is not in accordance with other studies in this area. Negative transfer can be found in 
textt editing using the appropriate paradigm (Heydemann, Hoffmann, & Schmidt, 1991; 
Schmidt,, Fischer, Heydemann, & Hoffmann, 1991). In a more simple skill domain, such as 
reversall  learning in animals (e.g., Chittka & Thomson, 1997) or learning SR relations 
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(Fendrich,, Healy, & Bourne, 1991; Proctor & Dutta, 1995; Schneider & Shiffrin, 1977), the 
negativee influence of response reversal is well known. There are also earlier examples of 
negativee transfer and retroactive interference in skill acquisition (e.g., Lewis & Miles, 1956; 
Ryans,, 1936; Parreren, 1951). One of the experiments conducted by Parreren (1951) raised our 
interestt in negative transfer in skill learning because its results were so much in contrast with 
thosee of Singley and Anderson (1989). Parreren used a variant of the letter-digit substitution 
test.. According to Ryans (1936), this is a very successful paradigm to yield positive as well as 
negativee transfer of training. In the experiment by Parreren, participants were trained to 
substitutee letters with digits according to a key, consisting of a set of letter-digit combinations. 
Thee actual substitution consisted of writing digits underneath the presented letters. The training 
taskk was followed by the transfer task, which was identical to the training task except for the 
letter-digitt combinations within the key. In the transfer task the letters from the training task 
weree re-paired with digits from the training task (e.g., from N-l, R-2, B-3, D-4 in the training 
taskk to R-l, D-2, N-3, B-4 in the transfer task). Robust net negative transfer was found with this 
task,, with participants performing worse on the transfer task than their entry level on the 
trainingg task. 

Unfortunately,, Parreren's experimental design has three major flaws. First, no control 
groupp was used to measure the time needed to learn the second key. Therefore, interference 
couldd only be established in a comparison between the first and the second skill. Unfortunately, 
thiss comparison was not informative because of the second flaw: the letter-digit combinations 
usedd in the training phase and the transfer phase were not counterbalanced. Therefore, the 
worsee performance in the transfer phase could be the result of a difference in difficulty between 
thee first and the second set of combinations. Third, only data on response times were reported, 
whichh made it impossible to establish whether there was evidence for a speed-accuracy trade-
off.. The shortcomings of this study make it impossible to draw definite conclusions about the 
occurrencee of negative transfer in the coding task. 

Inn response to Singley and Anderson, we push the question whether negative transfer 
occurss in skill acquisition even further to the limit. In the current experiments, a design 
producingg maximal interference (A-B, A-Br) is used, instead of an approximation to such a 
designn as used by Singley and Anderson. In an A-B, A-Br design, the same stimuli and 
responsess are used in the training phase and the transfer phase, but the combinations in which 
theyy have to be learned differ across phases. In a comparison of various designs, the A-B, A-Br 
designn appeared to lead to the greatest amount of negative transfer (Deese & Hulse, 1967). 
Anotherr difference with the experiment by Singley and Anderson (1989) is that a relatively 
simplee task was used. These experiments were conducted to verify the statement that negative 
transferr and retroactive interference are nonexistent in skill learning. If interference occurs, the 
magnitudee and duration of the effect will be investigated as well. 

Thee present chapter describes a series of four experiments. The first experiment is a 
forcedd choice reaction time version of the Parreren experiment. The main goal of Experiment 
2.11 is to investigate the occurrence of interference in the acquisition of a second similar skill. In 
Experimentt 2.2, the first learned task is repeated after the transfer task, to also investigate an 
eventuall  interfering effect of the second task on the performance of the first task. Experiment 
2.33 is a replication, with necessary modifications, of the original paper and pencil experiment 
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byy Parreren (1951). Experiment 2.4 is also a paper and pencil experiment, in which the first 
learnedd task is repeated after the transfer task to investigate interference between the second 
taskk and the first task. 

ExperimentExperiment  2.1 

Thee main goal of Experiment 2.1 is to examine whether training on a training task (Tl) 
couldd impede the learning and performance in a transfer task (T2). Therefore, this is an attempt 
too replicate the findings of van Parreren (1951), who did find negative transfer in a coding task. 
Inn Experiment 2.1, the letter-digit coding was implemented as a computerised choice reaction 
timee task. This experiment was designed to answer several questions. The first question is 
whetherr a reversal of responses hinders performance in comparison with a situation in which a 
neww set of responses is learned. The second question is whether response time or accuracy, or 
bothh are affected. Finally, the third question is how strong and long lasting the effect is. 

Inn the current experiment, two conditions in letter-digit coding were compared. After 
trainingg of the first task, the experimental group switched to a key with letter-digit combinations 
consistingg of the same letters and digits as in the training phase, but in other combinations. The 
controll  group switched to a key consisting of different letters paired with the same digits. The 
controll  group was used to differentiate between time needed for learning of the new key, and 
timee lost due to negative transfer. The expectation is that performance in the transfer phase is 
worsee in the experimental group than in the control group. 

Method d 

Participants Participants 

Fifty-ninee students of the University of Amsterdam participated in this experiment in 
exchangee for course credit. All participants were tested individually. 

DesignDesign and Materials 

Thee participant's task was to press the correct button in response to the presentation of a 
letter.. The letter-digit combinations (letters above the digits) were shown in de upper middle 
partt of the screen and were constantly available during the task, except for during the pauses 
betweenn blocks. In this experiment the key consisted of four letters linked to the numbers 1 
throughh 4 depicting the four buttons. The keys used are presented in Table 2.1. 

Inn this first experiment we focused on the transfer phase and chose to make transfer keys 
identicall  for each subject and use different training keys without counterbalancing across both 
phases.. Because of this choice the comparison between phases cannot be made and it is not 
possiblee to verify whether the two groups perform similarly in the training stage. On the basis 
off  the results obtained in the current experiment, the keys were counterbalanced across the 
phasess and the conditions in all further experiments. 

Twoo groups were distinguished, the re-paired group and the new group. The re-paired 
groupp worked with letters that were the same across the phases but differed in position (e.g., 



InterferenceInterference in Coding Skills 15 5 

NRDSS in Tl , DSNR in T2) and thus in the corresponding buttons. The new group worked with 
differentt letters in the training phase and the transfer phase (e.g., GKWL in Tl , DSNR in T2). 
Eachh subject worked with one training key and one transfer key. Stimuli were arranged in 10 
blocks,, of 60 trials each, with each letter appearing 15 times in a pseudo-random order. After 5 
blockss participants switched to the transfer phase. 

Tablee 2.1.The keys and their presentation order in the re-paired and the new group in 
Experimentt 2.1. 

Button n 

Re-pairedd Group 

Neww Group 

Training g 
1 2 34 4 
N R DS S 
S N RD D 
D S NR R 
R D SN N 
G K W L L 
L G K W W 
W L G K K 
K W L G G 

Transfer r 
11 2 34 
D S NR R 
R D SN N 
N R DS S 
S N RD D 
D S NR R 
R D SN N 
N R DS S 
S N RD D 

Apparatus Apparatus 

Thee experiment was conducted on a PC with a monochrome display and a custom-made 
buttonn box. Four push-button switches were used. The switch caps were round, approximately 
2.22 cm (0.87 inch) in diameter, and labelled with a digit ranging from I to 4. The switches were 
arrangedd in a half circle around a button indicating the starting position. Hand travel between 
startingg position and the numbered keys was held constant at 5.5 cm (2.17 inch). Response 
timingg was accurate to 1 ms. 

Procedure Procedure 

Participantss were instructed to make their key-press responses as rapidly and accurately 
ass possible, using the index and middle finger (held together as if it was one finger) of their 
dominantdominant hand to press the buttons. After each response the fingers had to be brought back to 
thee starting position to prevent decrease of reaction time due to dwelling of the hand before the 
response.. The experimenter checked whether each participant performed the task according to 
thesee instructions. 

Thee stimulus display of each trial consisted of a warning stimulus, a plus sign, and a 
targett stimulus, which was one of the four letters from the key. When an error was made a tone 
soundedd as feedback. Between the response and the presentation of the next stimulus was an 
intervall  of 1 sec. 
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Results s 

ResponseResponse Times 

Repeatedd measures ANOVAs were performed on the response time (RT) variable. The 
factorss for the RT ANOVAs were block and group. The analyses were performed on the 
mediann RTs per block for every participant. The median RTs were based on the correct 
responsess only. 

Wee first address the data from the training phase (Blocks 1-5). The significant main 
effectt for block, F(4, 228) = 51.62, p < .0001, MSE = 2265, confirmed the reduction in RTs 
withh practice that is represented in Figure 2.1. No main effect for group, and no significant 
Groupp x Block interaction was found, indicating that the two groups were comparable in speed 
andd learning rate in the training phase of the experiment. 

900 0 
# -- Re-paired 

O -- New 

Figuree 2.1. Mean correct response time and standard error of the mean as function of 
blockk and group in Experiment 2.1. The vertical line indicates a key change. 

Thee RT data for the transfer phase, Blocks 6-10, showed a main effect for group, F(l, 
57)) = 4.01, p < .05, MSE = 48,285 and a main effect for block, F(4, 228) = 33.92, p < .0001, 
MSEMSE = 2261. Figure 2.1 shows that the re-paired group was slower in the first half of T2 
comparedd with the new group. This difference was confirmed by a Group x Block interaction, 
F(4,, 228) = 5.29, p < .001, MSE = 2261. Further analyses with t-tests comparing the two groups 
perr block revealed that the re-paired group was significantly slower than the new group on the 
firstfirst three blocks after switching of keys. 
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ErrorError  Rates 

Thee overall percentage of errors made was 1.3%. Repeated measures ANOVAs were 
performedd on the error rates. The factors for the ANOVAs were group and block. We first 
addresss the data from the training phase. Blocks 1-5. There were no significant main effects, 
norr was there a significant Group x Block interaction. This indicates that the two groups were 
comparablee in speed and learning rate in the training phase of the experiment. There was also 
noo increase in accuracy across blocks, which might be due to the high accuracy at the start of 
thee experiment. 

Thee error rate data for the transfer phase, Blocks 6-10, showed only a main effect for 
group,, F(l, 57) = 5.19, p < .05, MSE = 2.35. This result indicates that the re-paired group made 
moree errors than the new group. The pattern of the errors across blocks was less consistent than 
thee pattern of the RTs. Some caution is needed as the analysis on the errors is less informative 
becausee the overall number of errors was very small. So, although statistically significant, the 
practicall  significance is limited. 

TransferTransfer Index 

Inn many studies of transfer an index of transfer is given by a simple formula (see for 
reviewss on transfer formulas, Gagné, Foster, & Crowley, 1948; Murdock, 1957; Singley & 
Anderson,, 1989). As an illustration of such a transfer index, the transfer effects in this chapter 
aree calculated with Formula 1: 

%Transfer%Transfer = x 100 
Cb Cb 

Inn Formula 1, Eb is the performance of the re-paired group in the transfer phase and Cb is 
thee performance of the new group in the transfer phase. With Formula 1. a standardised 
percentagee of the amount of savings is obtained where negative values represent negative 
transfer.. Using the mean RTs over the total transfer phase, the amount of transfer given by 
Formulaa 1 is -7.2%. 

Discussion n 

Thee results of Experiment 2.1 partly confirm the results found by Parreren (1951). The 
re-pairedd group performed worse than the new group. Negative transfer, i.e. the impeding effect 
off  prior learning on new learning or performance was found in RTs and in error rates. Both 
learningg and performance are mentioned because it is impossible to distinguish which of the 
twoo processes is affected. The total number of errors was very small, which may have been the 
resultt of the simple character of the task and the eagerness of the participants to prevent errors. 
Thiss experiment demonstrated that procedural knowledge does interfere with the learning or the 
retrievall  of the new responses. The next question is whether a newly learned skill may 
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deterioratee the performance on a previously learned skill. To address this question, an 
experimentt was conducted in which the effect of interpolated learning on the performance of a 
previouslyy learned similar task was investigated. In addition, a design was chosen that also 
allowedd a comparison of the phases instead of only between the conditions in the transfer phase 
ass in this experiment. 

Experimen tt  2.2 

Thee main goal of Experiment 2.2 was to investigate the occurrence of interference 
betweenn two previously learned skills. To do this, a third phase was introduced to retest the 
trainingg task. This experiment was also an attempt to replicate Experiment 2.1. The main 
questionn in the current experiment is whether learning of the transfer task interferes with the 
memoryy for training tasks or the reinstatement of it. 

Method d 

Participants Participants 

Fifty-sixx students of the University of Amsterdam participated in this experiment in 
exchangee for course credit. Every second participant was assigned to the control condition. All 
participantss were tested individually. 

Materials Materials 

Thiss experiment was in many respects the same as Experiment 2.1, apart from the 
followingg changes. A different design was used, and as a consequence the use of the keys 
acrosss phases was different. Four different keys were used (GZVM, ZMGV, JPQT, PTJQ). 
Eachh letter was linked to the digit corresponding with its position in the key (e.g., in the first 
keyG-l,Z-2,V-3,, M-4). 

Thee letters used for the re-paired group were the same across the phases but differed in 
positionn (e.g., ZMGV in Tl , GZVM in T2 and ZMGV in T3), and therefore in the 
correspondingg button. The letters used for the new group were different in T2 (e.g., ZMGV in 
Tl ,, PTJQ in T2 and ZMGV in T3) .The keys were counterbalanced across phases. 

Procedure Procedure 

Thee trials were identical to the trials in Experiment 2.1. Stimuli were arranged in 15 
blocks,, and each block consisted of 40 trials with each letter appearing 10 times in a pseudo-
randomm order. After 5 blocks participants switched to the transfer task and switched back to the 
originall  task after 10 blocks. In this experiment, feedback about the mean time of the correct 
responsess was given after each block. 
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Results s 

ResponseResponse Times 

Repeatedd measures ANOVAs were performed on the response time (RT) variable. The 
factorss for the RT ANOVAs were block and group. The analyses were performed on the 
mediann RTs per block for every participant. The median RTs were based on the correct 
responsess only. 

Wee first address the data from the training phase (Blocks 1-5). The significant main 
effectt for block, F(4, 216) = 96.80, p < .0001, MSE = 1945, confirmed the reduction in RT with 
practicee that can be seen in Figure 2.2. There was no main effect for group, and no significant 
Groupp x Block interaction, indicating that the two groups were comparable in terms of speed 
andd learning rate in the training phase of the experiment. 

O -- New 

—— Re-paired 

600 0 
11 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 15 

Blocks s 

Figuree 2.2 Mean correct response time and standard error of the mean as a function of 
blockk and group in Experiment 2.2. The vertical lines indicate key changes 

Althoughh the RT data for the transfer phase, Blocks 6-10, showed no main effects for 
group,, F(l, 54) = 2.52, p = .118, MSE = 42,196, Figure 2.2 clearly shows that the re-paired 
groupp was slower in the first half of T2 in comparison with the new group. This difference was 
confirmedd by a Group x Block interaction, F(4, 216) = 6.42, p < .0001, MSE = 2171. A closer 
inspectionn of the data within T2 shows that the groups differed in the first two blocks after 
switchingg keys (Blocks 6 and 7) according to a t-test, f(54) = 2.35, p < .05 for Block 6; t(54) = 
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2.68,, p < .05 for Block 7. This indicates that the re-paired group was slower in responding after 
thee first switch. This effect lasted two blocks and then the groups were comparable in speed 
again.. The training effect for block was significant, F(4, 216) = 37.26, p < .0001, MSE = 2171. 
Thee amount of transfer given by Formula 1 is -5,7%. 

Thee RT data for the retention phase, Blocks 11-15, showed no main effect for group, 
F(\,F(\, 54) = 1.97, p = .166, MSE = 29,976, indicating that the re-paired group was as fast as the 
neww group when comparing mean RTs of T3. Closer inspection of the data shows that in the 
firstt block after switching back to the original task (Block 11), the re-paired group was slower. 
Accordingg to a t-test, Block 11 showed the only significant difference, t{54) - 2.24, p < .05, 
betweenn re-paired letter and new group within T3. The effect for block, F(4, 216) = 13.13, p < 
.0001,, MSE = 1802, and the Group x Block interaction, F(4, 216) = 3.33, p < .05, MSE = 1802, 
weree significant. Using the mean RTs on T3, the amount of transfer given by Formula 1 is 
-4.5% % 

ErrorError  Rates 

Thee overall percentage of errors made was 2%. Repeated measures ANOVAs were 
performedd on the error rates. The factors for the ANOVAs were group and block. In none of the 
threee phases of the experiment was there a significant main effect of group or block, or a Group 
xx Block interaction. 

Discussion n 

Inn Experiment 2.2, negative transfer was found and the results confirm the findings of 
Experimentt 2.1. In addition, strong retroactive interference was found. Thus, the interfering 
effectt is not limited to learning alone. When phases are compared, the transfer is obviously 
positive,, whereas the comparison of the groups in T2 and T3 reveals that there is also an 
interferingg component source. Thus, the findings of Experiment 2.2 as well as 2.1 support the 
hypothesiss of masking of negative factors by positive factors, suggested by Siipola (1941). 

Althoughh the pattern of results is in line with the earlier experiments of Parreren (1951), 
thee negative transfer and the retroactive interference effect are smaller and more transient than 
thee effects found by Parreren. The smaller effect is possibly caused by the larger influence of 
positivee factors. For the more transient aspect, suggesting a quicker learning rate we have no 
explanationn at this stage. In an attempt to replicate the results of Parreren (1951), a paper and 
pencill  version of the coding task was introduced. 

Experimen tt  2.3 

Thee goal of Experiment 2.3 is to replicate the findings of Parreren. Although interference 
wass found in the first two experiments, the effects were relatively short-lived and the initial 
performancee on the transfer task was always better than initial performance on the training task. 
Byy conducting an experiment that more closely resembles the Parreren experiment we expect to 
findd net negative transfer that is less transient. There are several important differences between 
thee first two experiments and Experiment 2.3. The first important difference is that a paper and 
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pencill  version of the task was used instead of a computerised version. The second difference is 
thatt in the current experiment responses were given in continuous series instead of one at a 
time. . 

Thee task components were not formally stated because most description models (e.g., 
GOMS)) of tasks or skills were not specific enough to make useful differential predictions for 
ourr versions of the coding task. Despite the absence of a formal description of the task, it seems 
likelyy that the computerised version of the coding task is more difficult than the paper and 
pencill  version. The stimulus presentation and the use of the button box in the computer task 
weree relatively new in comparison with the reading and writing procedures in the paper and 
pencill  test. In the computerised experiment, for example, the exact placement of the buttons had 
too be learned to operate well. It is likely that the number of factors working in a positive 
directionn is smaller in the easier paper and pencil version. In a simple task, the masking effect 
off  positive factors may decrease and therefore the negative effect will become more visible. 

Ass in Experiment 2.1, the main goal of Experiment 2.3 is to examine whether negative 
transferr from a training task (Tl) to a transfer task (T2) occurs in skill acquisition. To 
investigatee this a modified version of the coding task as described by Parreren (1951) was 
developed.. In our experiment the keys were counterbalanced to rule out the alternative 
hypothesiss that findings could be due to differences in difficulty between the training and 
transferr key. In addition, a control group was used to differentiate between a decrease in RT due 
too learning the new key or due to negative transfer. Experiment 2.3 was designed to give 
answerss to several questions. First, does a reversal of responses hinder the performance in 
comparisonn with a situation in which a new set of responses is learned? Second, has the training 
taskk the same effect on the learning rate in T2 in both conditions? Third, which measure is 
affected,, response times, accuracy, or both? Finally, how large and long lasting is the effect? 

Inn this experiment two conditions in letter-digit coding were compared. After training, 
thee experimental group switched to a key with re-paired letter-digit combinations, whereas the 
controll  group switched to a key consisting of different letters paired with the same digits. It was 
expectedd that the experimental group would perform worse in the transfer phase than the 
controll  group. 

Method d 

Participants Participants 

Sixty-fourr students of the University of Amsterdam participated in the experiment in 
exchangee for course credit. Each participant was assigned randomly to one of two conditions 
andd was tested individually. 

Materials Materials 

Inn this paper and pencil experiment participants had to write digits under letters in 
accordancee with a key. The key consisted of four letter-digit combinations (capital letters above 
digits)) and was printed at the top of the form (size A4). The letters in the key were linked with 
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digitss 1 to 4. Four keys were used in this experiment (NRBD, RDNB, WHKF, HFWK). These 
fourr keys were counterbalanced across phases (Tl and T2) to eliminate possible influences of 
differencess in difficulty between the keys. 

Thee response field consisted of six rows of twenty letters. Under each letter was a space 
too fil l in the digit. Eight forms that differed in the presentation order of the to be substituted 
letterss were used. The orders used in the eight forms were identical for the four keys. The 
presentationn order of the forms was counterbalanced to investigate the training effect without 
possiblee influences of the differences in difficulty between forms. Each subject completed 14 
formss consisting of 8 training forms and 6 transfer forms. To make the two phases better 
comparablee the presentation order of the forms in the training phase was identical to that in the 
transferr phase. 

Procedure Procedure 

Ann example of the form without the letters was used for the instructions. Participants 
weree instructed to fil l in the form as rapidly and accurately as possible. Digits had to be filled in 
fromm left to right. The experimenter measured the total time (TT) required to complete each 
form.. The stopwatch was started when the participant received the form, and was stopped when 
thee last digit was filled in. Between each form was a short break during which feedback was 
givenn about the time. During these breaks no key was present. 

Thee critical difference between the training task and the transfer task were the letter-digit 
combinationss used. After eight forms participants were informed that the key would change. 
Thee experimental group, hereafter referred to as re-paired group, switched to a key with the 
samee letters as in the training task, but in other combinations (e.g., from NRBD into RDNB). 
Thee control group, hereafter referred to as new group, switched to a key consisting of letters, 
whichh were different from the letters in the training task (e.g., from NRBD to HFWK). The 
sessionn ended after completion of six transfer forms. 

Results s 

ResponseResponse Times 

Repeatedd measures ANOVAs were performed on the total times (TT). The factors for 
thee TT ANOVAs were group (new group, re-paired group) and form. 

Wee first address the data from the training phase (Forms 1-8). The significant main 
effectt for form, F(l, 434) = 168.62, p < .0001, MSE = 86.14, confirmed the reduction in TTs 
withh practice that can be seen in Figure 2.3. There was no main effect for group, and no Group 
xx Form interaction, indicating that that the re-paired and the new group were comparable in 
termss of speed and learning rate in the training phase of the experiment. 

Thee TT data for T2, Forms 9-14, show main effects for group, F(l, 62) = 13.29, p < 
.001,, MSE = 2882, and form, F(5, 310) = 86.27, p < .0001, MSE = 113.42. The main effect for 
groupp indicates that the re-paired group was slower in T2 than the new group in T2. The main 
effectt for form indicates that there is an increase in the performance across the forms. In 
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addition,, there was a significant Group x Form interaction, F(5, 310) = 3.43, p < .01, MSE = 
113.42.. The interaction shows that this increase is not the same for the groups, which is 
possiblyy due to the large difference in Form 10. 
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Figuree 2.3 Mean totall  time per form split by group with standard error of the mean in 
Experimentt 2.3. The vertical line indicates a key change. 

Thee difference between the groups, as can be seen in Figure 2.3, remains significant 
acrosss the forms. Testing of the simple effects revealed that the means of group for every 
transferr form differed at p < .01. In short, although there is an interaction, the negative transfer 
effectt remains relatively stable. As an illustration of the negative impact of the re-pairing in this 
veryy simple task, the TTs on the first form of Tl and T2 were compared for the re-paired group. 
Thee marginally significant difference given by the t-test, f(31) = 1.73, p = .093, demonstrates 
thatt the negative effect is at least as large as the positive effect. Using the mean TTs over the 
totall  transfer phase, the amount of transfer given by Formula 1 is -14.7%. 

ErrorError  Rates 

Thee overall error rate was very low (0.3%), indicating that participants were working 
veryy accurately. Repeated measures ANOVAs with the factors group and form were performed 
onn the error rates. The only significant effect was a main effect for form in the training phase, 
F(7,, 434) = 5.94, p < .0001, MSE = .51, indicating that the decrease in errors during the training 
wass reliable. 
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Discussion n 

Thee results of Experiment 2.3 confirmed the results found by Parreren (1951). The re-
pairedd group performed worse than the new group. Massive negative transfer was found. This 
effectt was so large that the re-paired group was slower at the start of the transfer phase than at 
thee start of the training phase. The difference in TTs between the groups remained significant 
acrosss all forms in the transfer phase. The relatively constant difference between the two groups 
iss an indication that the speed of learning in the transfer phase did not differ between groups. 
Thee negative transfer was only found in TT, and not in error rate. The total number of errors 
wass very small, which may have been the result of the simple character of the task-

Negativee transfer, the impeding effect of prior learning on new learning, is evident in the 
transferr phase. The acquisition of the new skill is impeded by a procedure learned before. 
Althoughh training time was short, the tasks were relatively well automated. The automaticity is 
supportedd by the relatively small angle of inclination at the end of the training and transfer 
curve.. In addition, some participants remarked spontaneously that the task was easier when they 
didd not think about their responses. Although anecdotal, these remarks suggest that their 
behaviourr was relatively automatic. Experiment 2.3 clearly shows that procedural knowledge 
interferess with the learning of new responses. It is not clear whether the negative transfer in the 
transferr phase is only caused by the hindering influence of the first-learned task on the 
acquisitionn of the second task, or whether there is also a problem in automatic response 
selection.. These two processes can not be differentiated because both lead to the same outcome, 
ann increase in response time. By adding a third phase in which the already learned skill is re-
testedd retroactive interference can be studied. This may give more insight into interference in 
situationss where both responses are well trained. 

AA possible explanation for the quicker disappearance of the negative transfer effect in 
thee computerised task than in the paper and pencil tests, may be that the responses in the paper 
andd pencil test are better automated than the responses in the computerised test and may 
thereforee lead to stronger interference. The training consisted of 200 responses in Experiment 
2.11 and 960 responses in Experiment 2.3. However, in comparing the computerised experiment 
withh the paper and pencil test some caution is needed because the tasks were different in many 
respects. . 

ExperimentExperiment  2.4 

Thee main goal of Experiment 2.4 was to investigate the occurrence of negative transfer 
andd retroactive interference in a paper and pencil coding skill. The main question added to the 
questionss already asked in Experiment 2.3 is; does learning of the transfer task interfere with 
thee memory for or the performance of the original training task? Or, in other words, do two 
well-learnedd procedures interfere with each other? 
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Method d 

Participants Participants 

Fortyy students of the University of Amsterdam participated in this experiment in 
exchangee for course credit. Each participant was assigned randomly to one of two conditions 
andd was tested individually. 

Procedure Procedure 

Inn Experiment 2.4, identical stimuli and procedures were used as in Experiment 2.3. 
Theree were two differences between Experiment 2.3 and 2.4. The first difference was the 
additionn of a third phase, a retest phase (T3), to investigate retroactive interference. The second 
differencee was a shortening of the training (Tl) and the transfer phase (T2) to five forms, which 
wass necessary to keep the time of testing within reasonable limits. 

Results s 

ResponseResponse Times 

Repeatedd measures ANOVAs were performed on the total times (TTs). The total time 
wass the time needed for completion of a form. The factors for the TT ANOVAs were group and 
form. . 

Wee first address the data from Tl (Forms 1-5). The significant main effect for form, F(4, 
152)) = 72.23, p < .0001, MSE = 99.40, confirmed the reduction of TT with practice that can be 
seenn in Figure 2.4. There was no main effect for group, nor was there a Group x Form 
interaction,, indicating that the two groups were comparable in terms of speed and learning rate 
inn Tl . Note that in T2 the re-paired group was slower than the new group, whereas in Tl the re-
pairedd group was somewhat faster than the new group. Thus, the negative transfer and the 
retroactivee interference effect in T2 might be somewhat underestimated. 

Thee TT data for the transfer phase, Forms 6-10, show main effects for group, F(l, 38) = 
9.24,, p < .01, MSE = 1983, and form, F(4, 152) = 76.66, p < .0001, MSE = 101.98. These 
resultss indicate that the re-paired group was slower than the new group in T2 and that both 
groupss became faster during the course of T2. There was no Group x Form interaction, F(4, 
152)) = 2.26, p = .065, MSE = 101.98, indicating that the negative transfer effect remained 
constantt over the forms. The amount of transfer given by Formula 1 is -15,0%, which is 
comparablee with the amount of transfer found in Experiment 2.3. When the TTs on the first 
formss of the training phase and the transfer phase for the re-paired group were compared, there 
iss according to a t-test, an increase in total time, f(19) = 4,37, p < .001. Thus, there is a clear net 
negativee effect of digit-letter re-pairing in this experiment. 

Thee TT data for the retention phase, Forms 11-14, show no main effect for group, F(l, 
38)) = 1.05, p = .31, MSE = 2482, indicating that the re-paired group was as fast as the new 
groupp when comparing the mean times of T3. Closer inspection of the data shows that the re-
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pairedd group was slower in the first form after switching back to the original task (Form 11). 
Accordingg to a t-test, form 11 showed the only significant difference, f(38) = 18.85, p < .05, 
betweenn the re-paired group and the new group within T3. The effect of form, F(3, 114) = 
48.61,, p < .0001, MSE = 61.44, confirms that there is still a decrease in TTs across forms. The 
Groupp x Form interaction, F(3, 114) = 8.94, p < .0001, MSE = 61.44, was significant, indicating 
thatt there was a different learning rate in T3 for the groups, with the re-paired group having a 
fasterr decrease of TT. This faster decrease of the re-paired group is caused by the slower TT in 
formm 11. Using the mean TTs over the total retention phase, the amount of transfer given by 
Formulaa 1 is -7,1% 
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Figuree 2.4 Mean total time per form split by condition with standard error of the 
meann in Experiment 2.4. The vertical lines indicate key changes 

ErrorError  Rates 

Thee overall error rate in Experiment 2.4 was very low (0.4%). Repeated measures 
ANOVAss were performed on the error rates. The factors for the ANOVAs were group and 
form.. There were no main effects for group or form, nor was there a Group x Form interaction 
inn error rates in the three phases. 

Discussion n 

Ass in Experiment 2.3, a clear negative transfer effect was found in Experiment 2.4. The 
reversall  of letters led to a negative transfer effect on an aggregate level, meaning that the re-
pairedd group was even slower than its entry level in the training phase. The amount of negative 
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transferr and the number of errors were almost the same for Experiments 2.3 and 2.4. As in 
Experimentt 2.3, the difference in speed was relatively constant across the transfer blocks, and 
noo substantial release of negative transfer was present in the transfer phase. 

Inn addition, an effect of retroactive interference was found. The retroactive interference 
hadd a considerable impact, but was slightly shorter in duration than the negative transfer effect. 
Theree are several plausible explanations for the shorter duration. A possible explanation is that 
thee first learned responses are so strong that these are quickly restored and the second learned 
responsess are too weak to interfere strongly with them. A related and complementary 
explanationn is that the transfer task was less well trained than the training task because of the 
acquisitionn interference. Because the responses of the transfer task were possibly weaker the 
interferingg effect could be smaller and less dramatic. 

AA Wor d on Sex Difference s in Codin g 

Onee of the main characteristics of standard symbol-digit substitution tests (e.g., in the 
WAIS)) is that women perform better than men (Harrison & Whissell, 1980; Laux & Lane, 
1985;; Royer, 1978; Wong & Gilpin, 1991). In a computerised substitution test, where letters 
weree used instead of symbols, however, Laux and Lane (1985) did not find a sex difference. In 
ourr experiments, sex differences in a paper and pencil (81 women and 22 men) and a 
computerisedd version (81 women and 34 men) of a letter-digit substitution test could be studied 
ass a byproduct of the interference study. For every subject a mean response time and error rate 
wass computed across the first five training forms. According to t-tests, there were no sex 
differencess in response times or error rates for the computerised and the paper and pencil 
versionss of the coding task (all four p's > .5) Thus, there is no apparent sex difference in both 
variantss of the letter-digit substitution 

Tablee 2.2. Means and Standard Deviations of Total Times (in seconds for paper and 
pencill  test and milliseconds for the computerized test) and Error Rates as a function of 
Sex x 

Forms s 

Comp. . 

Womenn TT 

131.5(22.7) ) 

751.0(106.8) ) 

MenTT T 

127.99 (23.2) 

744.44 (98.4) 

Womenn Error 

.522 (.62) 

.788 (.69) 

Menn Error 

.499 (.73) 

.755 (.63) 

Thiss result is in concordance with the absence of a sex difference in letter-digit 
substitutionn in the young adult sample in the study by Laux & Lane (1985). Our results show 
thatt the sex difference in symbol-digit substitution is not universal and cannot be generalised to 
alll  forms of substitution tasks. The finding that the sex difference is absent in letter-digit 
substitutionn is consistent with the hypothesis of Estes (1974) that the superior performance of 
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womenn on the symbol-digit test is due to better verbal recoding of the abstract symbols. In 
letter-digitt substitution no verbal recoding is necessary because the well-known letters serve as 
codess themselves. As Estes concluded the difference in ability to recode symbols in verbal 
labelss is a major candidate for explaining sex difference in symbol-digit substitution. A crucial 
experimentt (comparison of sexes after each subject coded with letters and symbols) is needed to 
confirmm the role of stimulus type in coding. This is, however, beyond the scope of this project 
andd wil l not be further elaborated. 

Genera ll  discussio n 

Negativee transfer was found in all four experiments. Comparisons of the entry levels of 
thee training and the transfer phase showed a marginal net negative effect in Experiment 2.3 and 
aa clear net negative effect in Experiment 2.4. This means that the negative transfer effect was so 
largee that the performance of the participants in the re-paired groups during the transfer phase 
wass worse than their own entry level. Thus, the negative effect of the re-pairing of responses in 
thee transfer phase was larger than the positive effects caused by training. The effect of the 
negativee transfer in the paper and pencil experiments remained relatively constant across the 
totall  transfer phase. 

Inn addition, retroactive interference was found. Experiments 2.2 and 2.4 showed that 
responsess of two well-learned tasks do interfere with each other. Thus, interpolated learning of 
aa similar task is interfering with the execution of a well-learned task. The retroactive 
interferencee effect was, however, smaller than the acquisition interference effect but lasted at 
leastt one form or block. The disruption in performance in the transfer and retest phase of the re-
pairedd groups was always found in the response times, but in error rates the interference effect 
wass only apparent in Experiment 2.1. 

Thee decrease in performance after switching to a different but similar task is often 
interpretedd as a consequence of the learning of the new information. Our experiments clearly 
showw that the relapse in performance is not only caused by learning of the new skill but also by 
interference.. In short, a well-learned task can influence the learning of a similar task in a 
negativee way. In situations where stimuli are identical and responses are varied negative 
transferr is obtained. The interference effects in skill acquisition can be large when using simple 
taskss that are comparable in complexity with verbal learning. So the statement that interference 
andd negative transfer in learning of skills is nonexistent except for Einstellung (Anderson, 
1995)) is not supported by these experiments. 

Cann this negative transfer effect be interpreted as a form of Einstellung? The concept of 
Einstellungg is used in research on problem solving and one of its characteristics is that subjects 
aree not aware of the easy alternative and keep on using the previously learned nonoptimal 
method.. Einstellung disappears at the moment the experimenter points at an easier solution 
(e.g.,, the "don't be blind" instruction in the water jug task). In most interference studies, and 
certainlyy in the here reported experiments, the subjects are fully aware of the different and 
reversedd response alternatives. This knowledge, however, does not lead to a disappearance of 
thee interference effect. Interpreting the negative transfer in our experiments as Einstellung is 
thereforee unjustified. 
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Thee findings of the reported experiments show that learning one skill can disrupt the 
learninglearning and retrieval of another similar skill. It is often suggested that negative transfer is a 
limitedd problem, which exists only between related tasks (Annett & Sparrow, 1985). Yet, 
negativee transfer and interference do exist in learning of skills and, as our experiment show, can 
bee obtained in a short time with relatively littl e training. Although the problem of negative 
transferr may be limited in incidence, it should be of great concern in situations where closely 
relatedd tasks are performed (e.g., flying different types of aircraft). Surprisingly there is almost 
noo research published on the subject of negative transfer and aviation (Rayman, 1982). Thus, 
statingg that negative transfer and interference in skill acquisition do not exist can have 
dangerouss implications for learning in applied fields. Although our experiments did not show 
ann increase in error rate it is possible that in situations with more workload and stress the error 
ratee would increase more in the re-paired condition. 

Inn the current experiments the focus was on negative transfer and retroactive interference 
onn the short term. Therefore, no sound conclusions for the occurrence of negative transfer on 
thee long term are possible. According to Schmidt and Bjork (1992), performance during 
trainingg is not always representative for performance on tests after a longer interval. For 
instance,, in contextual interference research a random schedule of training that degrades 
performancee during acquisition compared to a blocked schedule, enhances performance at 
retention.. This could mean that the re-paired group in our experiments, which performed worse 
afterr a short interval, would perform better than the new group when there is a longer interval 
betweenn the transfer and retention test. 

Basedd on these results we can only speculate about the mechanism that leads to the 
negativee transfer and interference. According to some researchers negative transfer effects in 
motorr skills are essentially cognitive rather than motor (Blais, Kerr, & Hughes, 1993; Magill, 
1989).. This is likely as long as cognitive is not the same as declarative. In our view, the 
mechanismm that leads to interference takes place on a very low cognitive level that is not 
accessiblee for introspection. The cause for the interference (reversal or re-pairing of responses) 
orr the outcomes (the slowing down of the responses) can be stated, the interference process 
itselff  is implicit. We suggest that by using an A-B, A-Br design, interference occurs in verbal 
learningg as well as skill learning. We suggest that the underlying mechanisms for the 
replacementt of old responses with new responses are the same for skill learning and verbal 
learning.. To have a flexible and at the same time robust memory, the storage of new responses 
inn combination with old stimuli is necessary, but without the immediate destruction of the 
previouss combinations. 

Itt seems that the supposed difference in sensitivity to interference in verbal learning and 
skilll  learning experiments is due to differences between variables such as task complexity, 
context,, and amount of training. Before reaching conclusions on mechanisms themselves, the 
outcomess of these mechanisms have to be thoroughly studied and stated in clear language. Until 
noww there is for reasons of parsimony no ground to assume qualitatively different transfer 
mechanismss mediating verbal learning and skill learning. 
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Source ss of Interferenc e in Coding : 

Trainin gg and Distinctivenes s 

TwoTwo studies investigate the influence of training and distinctiveness on the amount of 
interferenceinterference found in a paper and pencil coding skill. In the first experiment, subjects 
werewere trained on a coding task in an alternation or a blocked practice schedule. 
AlthoughAlthough the blocked group performed better than the alternation group during 
practicepractice of the first task, no significant differences between the groups were found in 
thethe transfer task and the retest of the original task. The second experiment investigated 
whetherwhether a manipulation of the context, in this case a variation of background colour, 
couldcould diminish the amount of interference in a paper and pencil coding task. The 
experimentexperiment demonstrates that variation of background colour does not diminish 
interference.interference. Although the nil effect does not disprove the influence of context, it shows 
thethe limited impact of colour variation. The results suggest that the performance loss 
duedue to re-pairing in the coding tasks is not the result of conscious confusion. 

Inn the following chapters several factors that might play a role in the occurrence and 
amountt of interference are investigated. The most important factor in transfer is similarity 
betweenn tasks (Gick & Holyoak, 1987; Holding, 1965; Osgood, 1949; Thorndike & 
Woodworm,, 1901a, 1901b). Not only the actual similarity, but also the perceived similarity can 
bee of importance in transfer (Gick & Holyoak, 1987; Gott, Parker Hall, Pokorny, Dibble, & 
Glaser,, 1993). Thus, similarity is not always easy to quantify. For example, the perceived 
similarityy may vary with level of expertise. Experts may see similarities in the deep structure of 
tasks,, whereas beginners see mainly similarities in the surface structure of tasks (see for an 
example,, Sternberg & Frensch, 1993). 

Thee role of similarity in transfer is also somewhat ambiguous for other reasons. In 
ordinaryy learning, the stimulus-response situation is very similar, but never precisely identical. 
Forr example, when learning to drive a car the actions performed are very similar (e.g., shift gear 
too second when approaching a bend), but the circumstances differ constantly (e.g., the approach 
off  other traffic or different weather conditions). Theoretically, ordinary learning is the condition 
forr maximal interference, but practically it appears to be the condition for maximal facilitation. 
Thiss discrepancy between theory and practice is called the similarity paradox (Osgood, 1949). 
Thiss paradox shows that similarity alone is not enough to predict the occurrence and the 
directionn of the transfer. The vagueness of the term similarity was the main reason that the 
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identicall  elements theory was eventually rejected (Parreren, 1962). Further analysis to predict 
thee occurrence and direction of transfer led to the conclusion that negative transfer should occur 
inn situations where stimuli remain the same and responses differ, and positive transfer in 
situationss where the stimuli differ and the responses remain the same. This idea was, however, 
nott new and was already known in 1919 as the Wylie hypothesis (Mandler, 1954). In sum, the 
similarityy between elements is not enough to predict transfer, also the relation between the 
stimulii  and responses has to be taken into account. It seems that when the focus is on 
componentt processes, instead of net transfer effects, the similarity paradox is only an apparent 
paradox. . 

AA related factor that might play a crucial role in the occurrence of interference in skill 
acquisitionn is distinctiveness (Cormier, 1987; Sternberg & Frensch, 1993). In near transfer 
situations,, skills are almost identical and therefore discrimination on the basis of task 
characteristicc is difficult. The context in which the skills are performed, however, may differ 
substantially.. Context is a broad concept that ranges from the font used for stimulus words, to 
thee testing room, to the psychical state of the subject. In verbal learning, different contexts may 
reducee the amount of interference (Bilodeau & Schlosberg, 1951). The question whether a 
variationn of context also reduces interference in coding is investigated in Experiment 3.2. 

Thee training characteristics amount of training and training schedule also may affect 
interferencee in skill acquisition. Theoretically, increased training induces more interference 
becausee higher degrees of automaticity make the task more difficult to suppress (e.g., Kramer, 
Strayer,, & Buckly, 1990). Unfortunately, the well-studied relation between training and 
interferencee is not always consistent. Not only the amount of training may be important, but 
alsoo the schedule for the training of the skills. The influence of training schedules on the 
proficiencyy has been extensively studied in contextual interference (CI) research. Both factors 
wil ll  be more thoroughly discussed in Experiment 3.1. 

IntelligenceIntelligence was considered as another factor in the occurrence of negative transfer. 
Ryanss (1936) investigated the relation between transfer and intelligence test performance in 
humann subjects, inspired by the finding that brighter rats showed a greater amount of negative 
transferr than dull rats. Although the results were somewhat inconclusive, they suggested that 
negativee transfer was more closely associated with higher intelligence than positive transfer 
was.. The most likely explanation for this finding is that the more intelligent are better retainers. 
Betterr retainers retrieve the previously learned better and may therefore suffer more from 
interference.. Although the role of an individual characteristic as intelligence is very interesting 
itt wil l not be investigated in this thesis. 

DifficultyDifficulty is the last factor mentioned in this enumeration (see e.g. Day, 1956 for an 
examplee of the influence of difficulty). Task difficulty can be manipulated internally, e.g. by 
extendingg the key that has to be learned in coding, or externally, e.g. by adding another task in 
additionn to the main task. The role of task difficulty will be discussed in the chapters 4 and 5. In 
thee present chapter, two factors that may affect interference in skill learning are investigated. 
Experimentt 3.1, which serves as a pilot experiment for Experiment 3.2, investigates the 
influencee of training schedules on interference. Experiment 3.2 investigates the influence of 
distinctivenesss on interference by variations in context. 
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Experimen tt  3 .1 : Trainin g Schedul e and Interferenc e 

Supposee that someone wants to learn two different but similar motor skills, such as 
tenniss and squash. Can this person better learn one task after another, or learn both tasks in 
alternation?? Contextual Interference (CI) research tries to answer these questions. In CI 
research,, training schedules and their influence on learning and performance are studied. 
Contextuall  interference is the interference between cognitive operations of different task 
variationss (Jelsma, Pieters, & Dijkstra, 1988). Contextual interference can be manipulated by 
thee use of different training schedules. High contextual interference may be obtained by varying 
thee tasks within a training session in a random schedule. Low contextual interference may be 
obtainedd by a blocked training schedule. A number of studies demonstrated that although 
randomm practice of task variations led to worse training performance, it also led to improved 
performancee in retention and transfer tasks (e.g., Lee & Magill, 1983; Shea & Morgan, 1979). 
Sheaa and Morgan (1979) suggest that learning in a high contextual situation leads to more 
elaboratee processing resulting in a more distinct and elaborate representation of the skills than 
learningg in a low contextual situation. Magill and Lee (cited in Jelsma, Pieters and Dijkstra, 
1988),, also found a beneficial effect when the main task was interrupted by an unrelated task, 
insteadd of a task with similar components. Thus, it is not the interference process itself that 
leadss to a better performance. Magill and Lee suggest that the repetition of the cognitive 
operationss that lead to solutions is the crucial factor instead of a more elaborate processing. 
Althoughh these explanations are somewhat different, they both stress the importance of 
cognitivee effort in transfer (Albaret & Thon, 1998). It seems, however, that the term 
interferencee in contextual interference is somewhat misleading because the effect can 
apparentlyy be obtained without any competitive elements at all. 

Interestingg is that, in contrast to researchers who assert that interference is nonexistent in 
skilll  learning, CI researchers accept the occurrence of interference in skill acquisition as self-
evident.. In CI research the focus is on the product of interference, whereas in the present 
experimentt the focus is on the interference itself. The current experiment assesses the influence 
off  training schedule and amount of training on the interference in two simple interfering skills 
(A-B,, A-Br design). As in CI research, the first variable under investigation is training 
schedule.. Training schedules are divided in blocked practice schedules and varied practice 
schedules.. In the blocked practice schedule, one task is trained well before switching to the 
otherr task. In a varied (alternation) practice schedule, one task is alternated with another task in 
aa consistent or random order. The aim of the present experiment is to investigate the usefulness 
off  the alternation schedule in obtaining interference and to compare the two training schedules. 

Becausee the blocked group and the alternation group differ in amount of initial training 
beforee switching to the transfer task, the influence of small differences in training on the 
amountt of interference can be assessed. It is assumed that the amount of interference, at least in 
recalll  of verbal material, is dependent on the strength of the association between stimulus and 
responsee (Bjork, 1992). In addition, increased training should induce more interference because 
higherr degrees of automaticity make the task more difficult to suppress (e.g., Kramer, Strayer, 
&&  Buckly, 1990). These statements suggest that the function that describes the relationship 
betweenn training and interference is an incremental one, maybe even linear. As positive transfer 
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iss concerned, Duncan (1953) found a positive relation between amount of training and positive 
transfer.. The relation between training and transfer is, however, not always consistent. Baker, 
Wylie,, and Gagné (1951) found that more training induces more negative transfer, whereas 
Lewis,, McAllister, and Adams (1951) did not find such a relation. In a review on this topic, 
Mandlerr (1962) suggests that the relationship between degree of original learning and amount 
off  transfer can be described by an inverted U-shaped function. Other findings in verbal learning 
confirmedd this relation except for the A-B, A-Br design in which training had a linear 
relationshipp with negative transfer (Postman, 1962). In the current experiment, a very small 
differencee in amount of training is studied as a by-product of the study of the training schedules. 

Method d 

Participants Participants 

Forty-eightt students of the University of Amsterdam participated in the current 
experimentt in exchange for course credit. Note that the blocked group in the present experiment 
iss the same as the re-paired group in Experiment 2.4. 

DesignDesign and Materials 

InIn the current paper and pencil experiment, participants had to write digits under letters 
inn accordance with the key. The key consisted of four letter-digit combinations (capital letters 
abovee digits) and was printed at the top of the form. The letters in the key were paired with 
digitss 1 to 4 in accordance with their position in the key. Four different keys were used in this 
experimentt (NRBD, RDNB, WHKF, HFWK). These four keys were counterbalanced to 
eliminatee possible differences in difficulty between the keys. Each participant coded with keys 
containingg the same letters (e.g., from NRBD to RDNB). The first presented key wil l be 
referredd to as A and the second key as B. Note that the letters A and B refer to tasks, not to 
stimulii  and responses as in the term A-B, A-Br design. 

Tablee 3.1. Ordering of the tasks for the blocked and the alternation group in 
Experimentt 3.1. The letter A refers to the first coding skill, the letter B to the second 
codingg skill. 

Acquisitionn Phase Test Phase 

Blockedd group A A A A A B B B B B A A A A 

Alternationn group A B A B A B A B A B A A A A 

Thee critical difference between the two groups was the training schedule (See Table 3.1). 
Inn the acquisition phase, the blocked group switched keys only once, whereas the alternation 
groupp switched every form to the other key. After ten forms both groups switched to the test 
phasee in which the first learned key was tested for four forms in a row. 
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Thee response field of the forms consisted of six rows of twenty letters. Under each letter 
wass a space to fil l in the digit. The presentation order of the letters in the response field differed 
forr every form a subject received. The keys, as well as the presentation order of the forms, were 
counterbalanced. . 

Procedure Procedure 

Ann example of the form without the letters was used for the instructions. Participants 
weree instructed to fil l in the form as rapidly and accurately as possible. Answers had to be filled 
inn from left to right. The experimenter measured the Total Time (TT) required for completion 
off  the form. The stopwatch was started when the participant received the form and was stopped 
whenn the last digit was filled in. Between each form was a short break in which feedback about 
thee time was given. No key was present during these breaks. The participants were informed 
aboutt each alternation. 

Results s 

TrainingTraining Schedules 

Att the first form, the blocked and the alternation group performed, according to t-tests, 
comparablee in terms or TTs, f(36) - 1.09, p = .28, and error rates, f(36) = 0.90, p = .38. The 
overalll  percentage of errors was 0.6%, and therefore not of practical relevance. No significant 
differencess in error rate were found between groups, therefore only the TT data are further 
reported. . 

Figuree 3.1 shows that more specific comparisons are more informative than the overall 
comparisonn of the two groups in the acquisition phase (Forms 1 to 10). To compare the blocked 
andd the varied group on Task A, the mean of the forms 2 across 5 for the blocked group and the 
meann of the forms 2, 4, 6, 8 of the alternation group were computed The resulting means with 
standardd deviations are presented in Table 3.2. 

Tablee 3.2. Mean TT with standard deviations in parentheses for each task for the 
blockedd and alternation group 

Taskk A Task B Task A retest 

Blockedd group 122.2(23.6) 147.1(22.6) 122.0(24.7) 

Alternationn group 147.1 (18.4) 156.2 (22.6) 128.3 (16.0) 

Thee blocked group was significantly faster than the alternation group, f(36) = 3.60, p = 
.001.. On Task B, however, the mean TT of the B forms of the blocked group (Forms 6 across 
10)) and the mean TT of the B forms of the alternation group (Forms 2, 4, 6, 8, and 10) did not 
differr significantly, /(36) = 1.23, p = .26. 
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Figuree 3.1. Mean Total Times and the standard error of the mean as a funtion of form 
andd group The blocked group switched keys after Form 5 and 10, the alternation 
groupp swichted keys every form. 

Inn the last four forms, Task A was re-tested. A t-test revealed no significant difference 
betweenn the mean TT of blocked group and the alternation group, ?(36) = 0.914, p = .37, in the 
testt phase. 

AmountAmount of Training 

Finally,, TTs and error rates after the first switch in both conditions were studied. The 
performancee on Form 2 in the alternation group was compared with the performance on Form 6 
inn the blocked group, and did not differ significantly. This suggests that, at least with these 
shortt training phases, the amount of training had no influence on the amount of interference. 

Discussion n 

Thee results show that when learning two maximally interfering coding skills, the 
alternationn and blocked practice schedule lead to similar performance levels in the learning of 
thee transfer task (B) and in a re-test of the training task (A). The only significant difference 
betweenn the groups was found in the learning of the training task. This result does not come as a 
surprisee because the alternation group had to learn two keys instead of one and experienced 
interference. . 

Thee learning of the B task appeared to be equally hard for both groups. The alternation 
practicee schedule and the blocked practice schedule led to the same amount of interference in 
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thee transfer phase. Thus, on the short term the same amount of learning induces the same 
amountt of interference irrespective of the training schedule used. 

Thee finding that the difference in initial training (480 substitutions) does not lead to a 
differentt entry level on the transfer task may be interpreted in at least two ways. The first 
explanationn is that the task, which is very easy, is trained during the first form to such a degree 
thatt it is already maximally interfering. The second, and most plausible, explanation is that the 
differencee between the amount of training between the first and fifth form was too small to 
inducee a difference in performance on the transfer task. 

Thee most important result was that a schedule in which the coding tasks are quickly 
alternatedd leads to interference that is comparable to a blocked schedule. Thus, interference can 
bee found with relatively small amounts of training, which is in line with the findings of Woltz, 
Bell,, Kyllonen, & Gardner (1996). 

Experimen tt  3.2: Contex t Distinctio n and Negativ e Transfe r in Codin g 

Althoughh the occurrence of negative transfer and retroactive interference in skill 
acquisitionn has been demonstrated, the exact prerequisites and the underlying mechanisms are 
nott yet clearly understood. One of the variables that may have an influence on interference is 
distinctiveness.. A lack of distinctiveness is assumed to be one of the main factors in the 
occurrencee of negative transfer (Cormier, 1987; Sternberg & Frensch, 1993). In near transfer 
situationss the tasks, and the context in which they are learned and performed are often very 
similar.. McGeoch and Irion (1952) assume that, in addition to the primary stimuli, also context 
stimulii  become associated with the responses (for a review of context influence on memory, see 
Smithh & Vela, 2001). Context stimuli may be diverse as for instance, testing room, mood of the 
subject,, and background colour. A nice example of a context effect in verbal recall is an 
experimentt conducted by Godden & Baddeley (1975). Divers learned a list of words 
underwaterr or on land and were tested underwater or on land. Recall of the previously presented 
wordss was best when the test situation corresponded with the learning situation. In addition, 
differentt contexts may also reduce the amount of retroactive interference, as was demonstrated 
inn a verbal learning study by Bilodeau & Schlosberg (1951). They found that the amount of 
retroactivee interference was approximately halved by presenting the interpolated material in a 
differentt room, with a different apparatus and with a different posture. These experiments 
demonstratee two important memory phenomena. Firstly, when material is learned and tested in* 
thee same context, the context may serve as an extra retrieval cue and thereby increase recall. 
Secondly,, when similar material is learned in different situations, the incidental stimuli 
(context)) may serve as discriminative stimuli that lead to less interference. 

Thee central question in the present study is whether the amount of interference between 
codingg skills can be influenced by context variation. The context manipulation in the current 
experimentt is a variation in background colour. The advantage of manipulating background 
colourr is that it is inevitably perceived, does not alter the stimuli itself, and is very distinctive. 
Inn addition, background colour manipulations proved to be an effective aid in learning and 
retentionn (Dulsky, 1935; Weiss & Margolius, 1954). Weiss and Margolius were surprised that 
colourr backgrounds were such potent discriminators. In the present experiment, yellow and 
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lightlight blue were used as background colours because these were opponent colours and were light 
enoughh to ensure the text was not obscured. To obtain interference, a fast alternating schedule 
andd keys with re-paired stimuli and responses were used. 

Thee specific hypothesis concerning context and interference was that a better distinction 
betweenn contexts leads to less interference between similar tasks. Better performance is 
expectedd in the condition in which each key corresponds with its own colour in comparison 
withh the condition where only one background colour is used. 

Method d 

Participants Participants 

Forty-eightt students of the University of Amsterdam participated in this experiment in 
exchangee for course credit. Each participant was assigned randomly to one of two conditions 
andd was tested individually. 

DesignDesign and Materials 

Inn the current paper and pencil experiment participants had to write digits under letters in 
accordancee with the key. The key consisted of four letter-digit combinations (capital letters 
abovee digits) and was printed at the top of the form. The letters in the key were paired with 
digitss 1 to 4 according to their position. Four different keys were used in this experiment 
(NRBD,, RDNB, WHKF, HFWK). These four keys were counterbalanced to minimise 
differencesdifferences in difficulty between the conditions. Each participant worked with two of the keys 
(alwayss with the same letters). Both groups switched every two forms to the other key (e.g., 
fromm NRBD into RDNB and back to NRBD etc.). 

Thee experiment consisted of a training task and a transfer task. The critical difference 
betweenn the tasks were the letter-digit combinations used. The key alternated each two forms, 
thuss leading to a task sequence AABBAABBAABB . The participants were informed that the 
keyy would change before each alternation (5 in total). The same (colour) group received the 
formss in one colour, either yellow or light blue forms. The different (colour) group received 
formss in yellow and blue, but these were consistently paired with one of the two keys. The 
colourr of the first page, and thereby the order of the colour presentation, was also 
counterbalanced. . 

Thee response field of the forms consisted of six rows of twenty letters. Under each letter 
wass a space to fill  in the digit. The presentation order of the letters in the response field differed 
forr every form. The presentation order of the 12 forms was the same for every participant. 

Procedure Procedure 

Ann example of the form without the letters was used for the instructions. Participants 
weree instructed to fill  in the form as rapidly and accurately as possible. Answers had to be filled 
inn per row from left to right. The experimenter measured the total time (TT) required for 
completionn of the form. The stopwatch was started when the participant received the form and 
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wass stopped when the last digit was filled in. Between each form was a short break in which 
feedbackk was given about the time. During these breaks no key was present. 

Results s 

Att the start of the experiment, the groups showed no significant difference in speed 
(averagee TTs across form 1 and 2), f(46) = 0.65, p = .52, and error rates (summed errors of 
formss 1 and 2), t(46) = 0.10,;? = .92. 

Ass can be seen in Figure 3.2, the same group and different group have an almost 
identicall  pattern of TTs across forms. A mean for the forms 3 to 12 was computed for every 
participant,, from now on referred to as the overall time. According to a t-test the difference in 
overalll  time between the same colour (M = 141.3, SD = 18.0) and the different colour group (M 
==  139.9, SD = 16.5) was not significant, t(46) = 0.29, p = .77. 
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Figuree 3.2. Mean Total Times and standard error of the mean as a function of form 
andd group. The key alternated after forms 2, 4, 6, 8, and 10. 

Thee sum of the errors for the forms 3 to 12 was used for analysis of the errors. The 
differencee between the overall error scores of the same colour group (M = 3.29, SD = 2.33) and 
off  the different colour group (M = 4.55, SD = 3.80) was not significant, r(46) = 1.38, p = .17. 
Thee overall percentage of errors was 0.4%. 
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Discussion n 

Thesee results show that the different colour group did not experience less interference 
thann the same colour group. Thus, variation in the background colour did not lead to shorter 
responsee times or fewer errors. This result does not corroborate the findings in verbal learning 
thatt varying background colour can be helpful in learning and recall and reduces interference. 
Thus,, background colour did not activate one set of responses or suppressed the other set of 
responsess in the different colour group. Although speculative, background colour may not be 
potentt enough to separate the representations of the two skills. The variation of context in the 
currentt experiment might have been too subtle and irrelevant. It is also possible that the 
backgroundd colour was not associated with the different keys because the relation between the 
keyss and the background colour was not actively elaborated. Although explicit learning of the 
associationn may have an effect, context effects in memory research are often incidental, 
meaningg that no explicit learning is required. It is possible that colour context is a good retrieval 
cuee and reduces interference as measured with errors in verbal learning. However, it does not 
havee an effect in the subtle inhibition effect in our research. 

Althoughh tempting to conclude, the lack of an effect in this experiment does not 
disprovee that context may have a profound influence on interference in skill acquisition. As this 
experimentt was set up for the confirmation of an effect, no firm conclusion can be drawn from 
aa nil effect. Although the effect could not be experimentally induced, real-life experiences make 
itt probable that context does have a diminishing effect on negative transfer. Distinctive context 
mayy reduce errors, as is illustrated in a personal example of the influence of context on the 
operationn of water taps. I recently moved to a flat where the warm and cold handles in the 
bathroomm are reversed compared with the normal positions. This unfortunate situation has, 
however,, not yet lead to serious injuries. Sometimes there is a tendency toward the wrong 
handle,, but this is always when I am distracted. Thus, the context of the bathroom alerts me, 
"watchh out for the warm tap!", and therefore explicit (conscious) cognitive control takes over. 
Thiss example may also serve as an illustration for the influence of a controlled manner of 
operatingg in difficult situations that is discussed in the next chapter. 

Fortunately,, the nil effect may have an implication under the following two assumptions. 
Thee first assumption is that the warning before each alternation did not suppress confusion 
completely.. The second assumption is that the colour of the paper gave the subjects a clue about 
thee keys to be used. The implication of the nil effect is that confusion is not a major source of 
performancee deterioration in coding skills. In this context, confusion refers to a sudden 
puzzlementt about which task has to be done at that moment (Parreren, 1951). The absence of an 
effectt of colour variation in the current experiment suggests that the performance decrement as 
aa result of the re-pairing of the letter-digit combinations is probably not caused by confusion. 
Furthermore,, it is possible that this very explicit form of confusion only appears in situations in 
whichh the time pressure and mental load is high. In this experiment, the circumstances were not 
veryy stressful although there was some pressure to do the task as fast as possible. The influence 
onn performance of time pressure and higher task demand are studied in Experiment 4.2. 
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Thee Role of Difficult y in Interference : 

Re-pairin gg Rate and Task Deman d 

TwoTwo experiments investigate the impact of an increase in difficulty on the amount of 
interferenceinterference occuring in two newly developed coding tasks. In experiment 4.1, the 
numbernumber of re-paired letters in the key was manipulated to examine its quantitative 
effectseffects and whether the increased response latency was restricted to the re-paired 
responsesresponses only. Four groups were compared, one group with all letter-digit 
combinationscombinations re-paired, one group with a subset of letter-digit combinations re-
pairedpaired and two control groups. The experiment demonstrated that after a period of 
similarsimilar performance interference occurred. Further analysis revealed that the 
increasedincreased latency was restricted to the re-paired responses, indicating that the 
subjectssubjects used no intentional inhibition strategy. Experiment 4.2 investigated by using 
aa dual task paradigm whether an increase of the task demand led to a larger increase 
inin response times and error rates in a transfer task with re-paired stimulus-response 
pairspairs (colour-key combinations) than in a control task. In colour coding a strong 
interferenceinterference effect was found after re-pairing. Although introduction of the 
concurrentconcurrent digit adding task caused an increase in response times and error rates, no 
differentialdifferential effect was found. Both studies indicate that when difficulty is substantially 
increased,increased, people perform the tasks in a controlled manner, resulting in the absence 
ofof interference immediate after the switch. After overcoming the initial difficulty, 
however,however, interference effects appeared, suggesting that for interference a firm 
representationrepresentation of the key or a certain response fluency is required. 

Transferr of training is a highly empirical domain (Adams, 1987). This chapter is in line 
withh this tradition and has a strong empirical character. The research questions that are posed 
inn this chapter originate from the previous experiments. Three of these questions wil l be 
addressedd in two experiments. The skills in the previous experiments were relatively simple 
andd as a consequence easy to learn. It was not clear whether the results of these simple skills 
couldd be generalised to more difficul t variants of the coding task. Thus, the first question is 
whetherr the same pattern of results can be found in more difficul t tasks. In the following 
experimentss difficulty was manipulated in various ways. In Experiment 4.1 the difficulty of 
thee coding task itself is increased, whereas in Experiment 4.2 the difficulty is increased by 
manipulationn of the circumstances under which the coding task is performed. 
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Interferencee appeared mainly as an increase in response latency in our previous 
experiments.. Therefore, the question rose whether the increase may have been the result of an 
intentionall  inhibition strategy by the subjects. If the subjects adopted such a strategy, the 
increasedd response latency should be global and therefore also affect the responding on non-
re-pairedd letter-digit combinations. Because in the previous experiments all letter-digit 
combinationss were re-paired this alternative explanation could not be ruled out. If the increase 
inn response latency is restricted to re-paired letter-digit pairs, it excludes an intentional 
inhibitionn strategy and favours an interference effect that operates automatically. 

Thee third question was inspired by the lack of a clear and consistent interference effect 
inn error rates. Therefore, the question rose whether manipulating difficulty could increase the 
errorr rates in coding and more important, if it could increase the visibility of interference in 
errorr rates. The basis for this experiment was the anecdote of a colleague who switched 
recentlyy from one motor to another. The way the gear was operated differed for the two 
motors.. Operation of the gear under normal driving conditions was perfect. In more difficult 
situations,, however, the colleague sometimes felt a tendency toward the old habit of gear 
operation.. The suggestion that interference due to previously acquired traffic habits asserts 
itselff  in situations of emergency or stress can also be found in an article by Entwisle (1959). 

Twoo completely new computerised versions of the coding task were developed to 
answerr these questions. These new coding task versions differ from the previous in many 
aspects,, such as stimulus presentation, stimulus material, and way of responding. One of the 
advantagess of using new versions is that it may extend the evidence for the occurrence of 
interferencee in skill acquisition to a broader range of tasks. In Experiment 4.1, the number of 
re-pairingss is varied to investigate the quantitative effects on interference. In addition, it is 
investigatedd whether the re-pairing of the letter-digit combinations only affects the re-paired 
responsess or leads to a global negative effect. It is expected that in our experiment the 
performancee deterioration is limited to the re-paired keys only because the interference effect 
seemss more likely the result of a problem in an implicit response decision process than the 
resultt of an intentional inhibition strategy. In Experiment 4.2, a dual task paradigm was used 
too increase the difficulty. The main interest was whether the group with re-paired material was 
differentiallyy affected by the increase in task demand. The most important manipulation to 
diminishh the amount of attention devoted to the main task was the introduction of a concurrent 
task.. It was expected that the increase of task demand lead to a larger increase of response 
timee and error rate in the interference condition than in the control group. 

Experimen tt  4 . 1 : Re-pairin g Rate and Generalisatio n of Interferenc e 

Smith,, Zirkler, & Mynatt (1985) hypothesise that negative transfer might be limited to 
taskss that are relatively difficult to master. We hypothesise instead that negative transfer is 
constantt across tasks and that net negative transfer is only visible in tasks that are relatively 
easyy to master. This hypothesis assumes that the amount of negative transfer is dependent on 
thee number of re-pairings, irrespective whether the task is simple or difficult. Because the 
absolutee amount of negative transfer is constant from simple to complex tasks, negative 
transferr is only visible in aggregate scores when the effect of positive influences (e.g., learning 
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too learn) is smaller than that of the negative influences. In the previous experiments, it 
appearedd that negative transfer occurred in relatively simple tasks and that net negative 
transferr only occurred in the simplest form of the coding task. 

Thee current experiment investigates the influence of an increase in difficulty of the 
codingg task, by extending the key from four letter-digit combinations to nine letter-digit 
combinations,, on negative transfer as well as retroactive interference. A more specific interest 
iss whether there is a clear difference between a partially re-paired key and a totally re-paired 
key.. The partially re-paired key contains fewer re-pairings and is therefore more similar to the 
trainingg key, whereas the totally re-paired key has more re-pairings, but also looks less like the 
trainingg key. We expect that the number of re-pairings is related to the amount of interference 
thatt occurs and not, or at least to a lesser degree, to the similarity of the keys as manipulated in 
thiss experiment. 

Anotherr issue that became important during the previous experiment concerns the 
naturee of the increased latency in the interference conditions. Is the increased latency limited 
too the re-paired responses or is it more global? Smith et al. (1985) found in a text-editing 
experimentt a performance deterioration that also affected the non re-paired functions. Such a 
generall  effect might be explained by an intentional inhibition strategy. After switching to a 
transferr task with re-paired stimuli and responses, subject might adopt an inhibition strategy to 
remainn the accuracy level of the training task. Our previous results may be explained by such 
ann intentional inhibition strategy because the error rates did not always increase significantly 
afterr response re-pairing. 

Thee initial memory load in the current experiment is larger than in the previous 
experimentss because the key was extended to nine letter-digit pairs. To gain insight into the 
memoryy for the keys, a recall test was administered at the end of the experiment. Some 
cautionn in interpreting the recall data is needed because the recall data may be influenced by 
primacyy and recency effects (leading to better recall of the training key) and the interference 
itselff  (leading to worse recall of the transfer key). 

Method d 

Participants Participants 

Eightyy students of the University of Amsterdam participated in this experiment in 
exchangee for course credit. Each participant was assigned randomly to one of four conditions 
andd was tested individually. 

MaterialsMaterials and Design 

Inn the current experiment a key (button) had to be pressed in response to a stimulus 
letterr according to a given set of letter-digit combinations, the key (code). The key consisted 
off  nine letters linked to the numbers 1 to 9 depicting the nine buttons on the numeric keypad. 
Thee keys were constructed in a way that they could be used in all four groups (see the 
Appendixx for the letter sets and their combinations). The letter sets in the different conditions 
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weree identical, only the combinations of the letter sets (training and transfer set) were 
different.. The keys were counterbalanced across phases. Stimuli were arranged in 40 blocks of 
366 trials each, with each letter appearing 4 times in a pseudo-random order, with the 
restrictionn that the same letter never appeared twice or more in a row. After 20 blocks 
participantss switched to the transfer task and switched back to the training task after 30 blocks. 
Thee presentation order of the letters was predetermined and differed for every block. This 
orderr was the same for every participant. 

Fourr groups were compared in this study. After training, the total re-pair (TR) group 
switchedd to a key in which all previously encountered letters were re-paired with the digits. 
Thee partial re-pair (PR) group switched to a key in which four letters were re-paired and five 
letterss held the same combination with the digits. The other two groups serve as a control 
groupp for respectively the TR group and PR group. The total new (TN) group switched to a 
keyy in which all new letters were used. The partial new (PN) group switched to a key in which 
fourr new letters were used and five letters remained the same. An example of the different 
switchess for every group is given in Table 4.1. 

Tablee 4.1. Example of the re-pairing of the letter sequence LDWGJTBNR in the 
differentt groups. Letters that were in the same position in the training and transfer 
keyy are underscored. PR = partial re-paired group, TR = total re-paired group, PN = 
partiall  new group, TN = total new group. 

Trainingg Phase Transfer Phase 

11 2 3 4 5 6 7 89 1 2 3 4 5 6 7 89 

PRR L D W G J T B N R W D N G J L B T R 

TRR L D W G J T B N R W G N R B L J TD 

PNN L D W G J T B N R Z D P G J M B VR 

TNN L D W G J T B N R Z H P S C M K V F 

Apparatus Apparatus 

Thee experiment was conducted on an Apple Power Macintosh 4400 and a 14-inch 
monitor.. The numeric keypad was used as an input device. 

Procedure Procedure 

Thee experiment started with onscreen instructions of the test. After the instructions, the 
experimenterr verified whether the task was understood. Then subjects continued with the 
colour-codingcolour-coding test. This colour-coding test was performed to practice the use of the numeric 
keypadd and to clarify the nature of the task. In the colour-coding task, participants saw a key 
off  four coloured spots (yellow, red, blue and green) paired with the digits 4, 5, 6, and 7, 
correspondingg with the keys on the numeric keypad. Participants were instructed to press the 
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keyy that corresponded with the colour as fast as possible. The index finger operated keys 4 and 
7,, the middle and ring finger operated respectively keys 5 and 6. After two colour-coding 
blockss of 36 trials each, letter coding was explained and started. 

Inn letter coding, the participant had to press the correct button in response to a 
presentedd letter. The letter-digit combinations were shown in the upper middle part of the 
screenn and were constantly available during the task, except for during the pauses between 
blocks.. Participants were instructed to make their keypress responses as rapidly and accurately 
ass possible. After the response was made, the next stimulus appeared directly. Thus, the trials 
inn every block were presented as a continuous series of stimuli. Feedback about the mean time 
andd the number of correct responses was given after each block. 

Thee colour-coding task was repeated after the letter-coding task. Finally, the subjects 
hadd to recall the two keys used in the letter coding experiment. Subjects filled the letters in on 
aa form with two keys from which the letters were omitted. Only letters that were placed in the 
correctt position were counted as correct. Dependent variables were response times (RTs) and 
errorr rates. 

Results s 

RTss shorter than 100 ms and larger than 4 s were dropped. In addition, RTs smaller or 
largerr that 2 standard deviations from the mean in that block for that subject were excluded 
fromm analysis. Only the correct responses were used in the analyses. The results of the letter 
codingg are presented first. 

TrainingTraining phase (RTs) 

Wee first address the data from the training phase (Blocks 1-20). Mean RTs and error 
ratess were obtained for each subject, as a function of Block. A significant main effect for 
Block,, F{\9, 1444) = 273.6, p < .0001, MSE - 14,646, confirmed the reduction in RTs with 
practicee that can be seen in Figure 4.1. In addition, a significant Group x Block interaction, 
wass found, F(57, 1444) = 1.38, p < .05, MSE = 14,646. This interaction is mostly due to the 
slower,, although not significant, performance of the partial new group. 

Thee mean RT data (Blocks 1-20) are well fitted (r2 = .994) by a two parameter power 
function.. These data are well described by a power function, which indicates that learning 
occurss and suggests that letter coding shares some fundamental qualities with many skills 
(Woltz,, Bell, Kyllonen, & Gardner, 1996). The flatness of the curve in the last trials indicates 
thatt the performance of the task is relatively automated. 

TransferTransfer phase (RTs) 

RTT data for the transfer phase, Blocks 21-30, show main effects for group, F(3, 76) = 
3.42,, p < .05, MSE = 416,581, and block, F(% 684) = 101.75, p < .0001, MSE = 13,852. In 
addition,, a significant Group x Block interaction, F(27, 684) = 2.33, p < .001, MSE = 13,852, 
wass found. Bonferroni-Dunn post hoc comparisons revealed that the RTs between the total re-
pairr group and the (partial and total) new groups differed at p < .01. The difference between 
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thee total re-pair group and the partial re-pair group was only marginally significant, p = .058. 
Ass can be seen in Figure 4.1, the difference between the total re-pair group and the other 
groupss starts at Block 23. T-tests showed there were no significant differences between these 
groupss on the first two blocks. 

2200 0 

|| 2000 

Figuree 4.1. Mean correct RTs with standard error of the mean as a function of block 
andd group. TR = total re-pair group, PR = partial re-pair group, TN = total new 
group,, PN = partial new group. 

RetestRetest phase (RTs) 

Thee RT data for the retest phase, Forms 31-40, showed no main effect for group, F(3, 
76)) = .66, p = .58, MSE = 377,117, indicating that the re-pair letter groups were as fast as the 
neww letter groups in the retest phase. A main effect for block, F(9, 684) = 43.24, p < .0001, 
MSEMSE = 8,241 and a significant Group x Block interaction, F(27, 684) = 1.90, p < .01, MSE = 
8241,, were found. The significant interaction is probably the result of the slower performance 
off  the total re-pair group. T-tests on the first form of the retest phase revealed a significant 
differencee between the TR group and the PN group, ?(38) = 2.47, p < .05, and a marginal 
significantt difference between the TR group and the TN group, r(38) = 1.84, p = .07. These 
differencesdifferences suggest a short interference effect in the TR group after switching back to the 
originall  task. 
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ErrorError  Rates 

Thee overall percentage of errors in letter coding was 4%. Repeated measures ANOVAs 
weree performed on the error rates. The factors for the ANOVAs were group and block. In 
nonee of the three phases a significant main effect of group or a Group x Block interaction was 
found.. Only in the training phase there was a significant decrease in number of errors across 
blocks,, F(19, 1444)= 1.61, p < .05, MSE = 1.111. 

ComparisonComparison of re-paired and non-re-paired letters in the PR group 

Too control for an intentional inhibition strategy in the transfer phase, the RTs on the re-
pairedd letters were compared with the RTs on the non-re-paired letters in the partial re-pair 
group.. A repeated measures ANOVA revealed a significant difference, F(\, 19) = 42.31, p < 
.0001,, MSE = .008, between the mean RTs on the re-paired letters and non re-paired letters. 
Too exclude the possibility that this result was based on a possible confounding, such as key 
positions,, the mean RT of the non re-paired letters in the partial re-pair group was compared 
withh the mean RT on the new and same letters in the partial new group (for a better 
understandingg see the PR and PN group in Table 4.1). T-tests showed no reliable differences 
betweenn these means (Table 4.2). Thus, the RTs on the changed letters are slower and the 
slowingg is restricted to re-pairing of responses. In addition, the interference effect, which was 
nott so clear in the partial re-pair group in the overall analysis, can be found in a more fine-
grainedd analysis. 

Tablee 4.2. Mean RTs with standard deviations for the re-paired and non-re-paired 
letterss for the partial re-pair group the and partial new group. PR = partial re-paired, 
PNN = partial new. 

Re-pairedd Non re-paired 

PRR group 1.38 (.24) 1.20 (.20) 

PNN group 1.24 (.25)*  1.24 (.23)* 

*Inn the PN groupp the new letters were introduced instead of re-pairings of old 
letters. . 

FreeFree recall of the keys 

Ann oneway ANOVA was performed on the number of correctly recalled letters of the 
firstt learned key (key A, used in the training and retest phase) with group as independent 
variable.. No significant difference was found between the four groups, F(3, 76) = .88, p = 
.228,, MSE = 4.60. Another oneway ANOVA was performed on correct recall of the transfer 
keyy (key B). A significant difference was found, F(3, 75) = 3.69, p < .05, MSE = 10.30. A 
Bonferroni-Dunnn post hoc analysis revealed that only the recall scores of the total re-pair 
groupp and the partial re-pair group differed at p < .01. A paired t-test showed that the recall on 
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thee training key was better (2.4 letters more) than the transfer key, /(78) = 7.65, p < .0001. The 
resultss show that there is a large advantage of the first letter-digit system, irrespective of the 
groupp one was in (see Table 4.3). 

Tablee 4.3. Mean number of correct recalled letters with the standard error of the 
meann in parentheses for key A and B for each group 

Meann key A Mean key B 

Totall  Re-pair 7.7 (2.5) 4.4 (3.4) 

Partiall  Re-pair 8.6 (.9) 7.4 (2.8) 

Totall  New 8.0(2.0) 4.7(3.0) 

Partiall  New 7.6 (2.7) 6.0 (3.6) 

ColourColour Coding 

Twoo blocks of colour coding were performed before and after the letter-coding task. A 
repeatedd measures ANOVA on the RTs with block as a factor showed a significant main 
effect,, F(3, 231) = 335,826, p < .0001, MSE = 6396. Paired t-tests revealed that the colour 
codingg RTs of all blocks differed from each other (all p's < .0001). The coding data show that 
theree is a decrease in RT across blocks. After the interpolated letter coding, the performance 
onn the colour coding still becomes better. The transfer from letter coding to colour coding is 
positive,, although the increase in performance may also be explained by a training effect in 
thee colour coding itself. 

AA repeated measures ANOVA on the error rate with block as a factor showed a 
significantt main effect for block, F(3, 231) = 4,735, p < .01, MSE = 1623. T-tests on the mean 
errorr rates of all blocks showed that only the differences between the first block and the other 
threee blocks were significant (all p's < .05). Thus, the number of errors diminished quickly and 
becamee stable after the first block of colour coding. The overall error rate in the colour-
codingg task was 4.0%. 

Thee comparison of the first blocks of colour coding with the final blocks can be seen as 
aa control for fatigue and loss of motivation. Although fatigue and motivation loss may have 
hadd an effect, the faster performance on the second colour-coding task indicates that these 
factorss did not have a large detrimental effect or were masked by a training effect. 

Discussion n 

Re-pairingg of all nine letter-key combinations led to a clear increase in RTs. However, 
alsoo the switch to nine new letter-key combinations led initially to the same performance 
decrease.. After the second block in the transfer task the interference effect became apparent. 
Afterr the switch the task is so difficult in the total re-paired and total new groups (learning 
ninee letter-digit combinations), that the subjects in these groups perform in a very slow and 
controlledd way leaving no room for intrusions of the first task in the total re-paired group. A 
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possiblee explanation is that immediately after the switch there is no firm representation of the 
secondd skill yet. Although the precise mechanism behind the delayed interference effect is 
unknown,, it suggests that fluent responding is a prerequisite for interference. 

Thee slowing was, as expected, restricted to the re-paired responses as was 
demonstratedd in the partial re-pairing group. This result excludes the intentional inhibition 
strategyy as a possible explanation for the interference effects found in coding. This also 
illustratess the importance of the level of analysis in interference research. In this more fine-
grainedd analysis an interference effect was found in the partial interference group, whereas no 
differencee was found between the partial interference group and the new control group in the 
groupp comparisons. 

Noo effects were found in error rates, apart from decreasing error rates in the training 
phasee of the experiment. The absence of the effect in error rates indicates that there were no 
problematicc trade-offs between RTs and error rates. 

Thee recall test showed that recall on the first learned key was considerably better than 
onn the interpolated key. Interpretation of the results is difficult because of a possible recency 
effect.. The colour coding appeared to be a easy-to-learn type of coding task and the 
performancee on the colour coding sessions at the end of the experiment suggested that there 
wass no large motivation loss or tiredness. 

Experimen tt  4.2: Interferenc e in Singl e and Dual Task Situation s 

Ourr previous studies with the letter-digit coding skill show that previous learning may 
interferee with subsequent learning or performance of a similar skill. The interference effects 
weree seldom found in error rate (see for example Experiment 4.1). Another noticeable finding 
wass that error rates in the simple coding tasks were very low (less than 1%). The coding tasks 
inn chapters 2 and 3 were relatively simple and the subjects could completely focus on the main 
task.. These factors, together with the willingness of the subjects to avoid errors, may have led 
too the low error rates. One of the conclusions that can be drawn from our previous experiment 
iss that interference often has a more subtle influence than can be measured with error rates 
alone.. Therefore, it is recommended not to use error rates as the only dependent measure for 
fundamentall  research on interference in skill learning. 

Thee present study is an attempt to create a situation in which interference is not only 
foundd in RTs, but also in error rates. Instead of manipulating the difficulty of the task itself, as 
wass done in Experiment 4.1, in the current experiment the difficulty of the circumstances 
underr which the task was performed is manipulated. The present study is based on the idea 
thatt in situations where less attention is focused on the main task, the old habits may intrude 
moree easily. By increasing the task demand (e.g., lessening the amount of attention that could 
bee devoted to the coding task) and a removal of ways of response verification (e.g., removal of 
colour-keyy combinations, no feedback on errors), it was attempted to increase the number of 
errors.. The main goal was to investigate whether the group with the similar responses suffered 
moree from these manipulations than the group with the new responses. The task demand was 
alteredd in various ways. 
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Thee first way to increase the task demand was by removing the key after several 
blocks.. Although this is an extra demand at the beginning of the task, it could make the task 
easierr after some blocks. Because the combinations are well learned and the combinations are 
noo longer available, the tendency to look at the combinations, maybe only for control, is 
suppressed. . 

AA second and more rigorous way to increase the task demand is to divide the attention 
betweenn the coding task and another task. For this purpose a concurrent task was introduced: 
digitt adding. In addition to coding, the subjects added digits that were shown in an irregular 
durationn above the coloured spot. After each block, the subject had to give the sum of the 
digitss shown in that block. Digit adding was chosen because the task is easy in isolation and 
shouldd therefore have an impact on the main task without totally absorbing the attention. Digit 
addingg has a sustained component, holding the sum in memory, and an incidental component, 
calculationn of the new sum after a new digit is shown. 

AA third way was to state a limit of two seconds for giving an answer. The period of two 
secondss that was in most cases long enough to give an answer could give some extra pressure 
too hurry and reminded the subjects the goal was to respond as fast as possible. This 
manipulationn led to a third dependent variable in addition to RTs and error rates, namely non-
responses.. In addition, no error feedback was presented. The effect of the dual task 
manipulationn could be experimentally verified in this study, the effect of the other alterations 
wass not experimentally verified because it was not our primary interest. 

Thee first question is whether interference occurs in colour coding. Because this task 
wass never used before as an experimental task it was necessary to verify whether colour 
codingg could lead to interference as found in letter coding and whether it can be obtained in 
RTs,, error rates, and non-responses. The second question is whether the dual task 
manipulationn does lead to an increase in RTs and error rates and whether it leads to a larger 
increasee in the A-B, A-Br situation. In other words, does lesser attention make way for the 
previouss habit? The design of the current experiment made it possible to investigate whether 
theree is a difference in the occurrence and amount of interference in Phase 2 and 3. In other 
words,, is there a "neutralising" effect of the learning of unrelated stimuli or, another 
explanationn with the same effect, a forgetting of the first combinations that leads to a 
diminishingg of the interference effect? 

Inn the current study, yet another coding variant was used, to broaden our scope beyond 
thee use of letters alone and to control whether our previous results were no artefact of the 
letterr coding. In experiment 4.1, a colour-coding task was administered for instructional 
purposess and it proved to be a very easy task to learn. In the present version of the colour-
codingg task, the subject responded by pressing a key in response to a presented colour. The 
subjectt could determine the correct key because during the first five blocks the correct 
combinationss were presented onscreen. The task was performed with four fingers on four keys 
andd trials followed immediately after another. In ideal conditions, the block of twenty trials 
wass coded in a quick burst of touch-typed correct responses. 
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Method d 

Subjects Subjects 

Subjectss were fifty-one students of the University of Amsterdam who received course 
creditt in exchange for their participation. Ten subjects were dropped from the study because 
theyy did not meet one or more of the following three criteria. The first criterion was a smaller 
thann 25% error rate on Part 2 of Tl . In this part, the coding was performed without the colour-
keyy combinations. A large error rate indicated that the subject did not remember the colour-
keyy combinations, which was a prerequisite for the following phases. The second criterion 
wass an overall error rate smaller than 25%. The third criterion was a minimum of one correct 
answerr on each of the digit-adding tasks in the dual task situation. Zero scores on the 
concurrentt task indicated that the subject did not understand the task, or was not capable of 
handlingg the two tasks at the same time, or did not pay attention to the concurrent digit-adding 
taskk at all. 

DesignDesign & Materials 

Thee experiment consisted of three phases (Tl, T2, T3). All phases consisted of three 
partss (Part 1, Part 2, Part 3). In Part 1, the coding task was trained with the colour-key 
combinationss present. In Part 2, the coding task was done without the colour-key 
combinationss present. In the Part 3, digit adding was added to the coding task without the 
colour-keyy combinations. After the training (Tl), two groups were compared in the transfer 
phasee (T2). The re-paired first group coded with the same colours and keys as in Tl , but in 
differentt combinations than in Tl . The new first group coded with new colours and the same 
keyss as in Tl . In the third phase (T3) the conditions reversed. Thus in T3, the re-paired first 
groupp coded with new colours and the new first group coded the re-paired colours. By using 
thiss design (See Table 4.4), in which all subjects passed through both conditions, the 
interferencee effect was not only studied between subjects, but also within subjects. 

Tablee 4.4. Ordering of the tasks for the re-paired first group and the new first group 

Phasee Tl T2 T3 

Samee Colours First A A ' B 

Neww Colours First A B A ' 

Everyy phase consisted of three parts. Part 1 (5 blocks) consisted of colour coding with 
thee colour-key combinations present. Part 2 (10 blocks) consisted of colour coding without the 
presencee of the colour-key combinations. Part 3(10 blocks) was identical to Part 2, apart from 
thee additional digit-adding task. The dependent variables were RTs per keystroke (RT), error 
rate,, and non-responses. 



52 2 ChapterChapter 4 

Apparatus Apparatus 

Thee experiment was conducted on an Apple Power Macintosh 4400 with a 14-inch 
colourr monitor. Responses were given with the 4, 5, 6 and Enter key on the numeric keyboard. 
Thesee keys were chosen because these were the easiest to operate with the four fingers of the 
rightt hand. The unique position and form of the Enter key on the numeric keypad made it 
possiblee to use the littl e finger without causing cramp. 

Procedure Procedure 

Thee instruction was presented onscreen and the experimenter verified whether the 
instructionn was well understood. Subjects were instructed to make their keypress responses as 
rapidlyy and accurately as possible with the four fingers of their right hand. Each finger had to 
operatee one designated key. The index, middle, ring and littl e finger had to operate 
respectivelyy the 4, 5, 6 and Enter key. The experiment consisted of three phases of 25 blocks 
each.. Between the phases was a short instruction about the change of the colour-key 
combinations.. Between each block was a short break during which the total time for the last 
blockk was shown. During these breaks no key was present. A block consisted of 20 trials. In 
eachh block, the four colours appeared five times in pseudo-random order with the restriction 
thatt the same colours never appeared in a row. The next coloured spot appeared immediately 
afterr the response. If no response was detected within two seconds, the next trial appeared 
automatically. . 

Beforee Part 3 of Tl the instruction for the dual task situation was presented. In the dual 
taskk situation subjects had to code as before and to add digits that appeared in irregular 
intervalss above the coloured spot. After each block, the subjects typed the sum and received 
immediatee feedback. 

MaterialsMaterials and Counterbalancing 

Fourr different sets of colour-key combinations were used (Set 1, 2, 3, 4). Set 1 
containedd the colours purple, cyan, red, and yellow, respectively paired with the keys 4, 5, 6, 
andd Enter. Set 2 consisted of the same colours and keys, but in other combinations. This new 
sett was re-paired according to a 3421 schedule. For example, the third colour in Set 1 (red) 
wass the first colour in Set 2. Thus, the resulting sequence of the colours in Set 2 was: red, 
yellow,, cyan and purple. Set 3 contained completely different colours: orange, blue, green and 
brown.. Set 3 was also re-paired according to the 3421 schedule, resulting in Set 4: green, 
brown,, blue and orange. 

Forr digit adding nine digits were used. The number of digits shown in a block ranged 
fromm 4 to 6 digits. The sums for the different blocks ranged from 15 to 34. 

Thee four colour sets were counterbalanced across phases. The presentation orders of 
thee colours and the sums were not counterbalanced and were the same for both conditions. To 
maximisee the comparability between the phases, the presentation order of the colours was the 
samee for the three phases. The required sums in digit adding differed across the phases, to 
preventt that subjects used recollection instead of calculation to obtain the correct sum. 
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Results s 

PhasePhase 1: training 

Ann alpha level of .05 was used for all statistical tests. T-tests showed no significant 
differencess between the groups for RTs, error rate and non-responses in Phase 1 (in all cases p 
>>  .50), thereby indicating that the groups were similar in terms of speed and accuracy. The 
differencee between the Parts 2 and 3 in Tl was significant for RTs, t(40) = .26, p < .0001, 
errors,, t(40) = 19.61, p < .0001, and non-responses, t(40) = 12.14, p < .0001. Thus, digit 
addingg increased the workload considerably, and impeded performance. In Part 3 of Tl the 
correlationn between error rate and the mean RT per block was .18, which was not significant. 
Errorr rate and non-response rate for coding correlated with error rate on digit adding 
respectivelyy .54 (p < .001) and .57 (p < .0001). These relatively high correlations indicate that 
somee subjects are overall more accurate than others are. The lack of a significant negative 
correlationn between error rate and mean time per block shows that the more accurate subjects 
weree not slower than the more error prone subjects were. 

PhasePhase 2 and 3: Condition Reversal 

Repeatedd measures ANOVAs were performed on all three dependent measures. The 
factorss for the ANOVAs were group (re-paired first group, new first group) and phase (only 
T22 and T3). The interaction of phase with condition was significant for RTs, F(l, 39) = 35.36, 
pp < .0001, error rates, F(l, 39) = 21.39, p < .0001, and non-responses, F(l, 39) = 13.73, p < 
.001.. This interaction clearly shows the hindering effect of re-pairing of the colours and 
responsess as compared with pairing new colours to the same keys. As expected, the re-paired 
firstt group performed in T2 worse and in T3 better than the new first group. This pattern of 
effectss applied for RT, in which, in addition to the significant interaction, also the differences 
betweenn the groups in T2 and T3 were significant according to t-tests, respectively t(3>9) = 
2.25,, p < .05 and f(39) = 2.21, p < .05. For the errors, the difference between the groups was 
onlyy significant in T3, f(39) = 2.16, p < .05. In the non-responses no significant group 
differencess were found. Although not all group differences were significant, the pattern of the 
interactionn between the phases and group was the same for all dependent measures, indicating 
theree was no problematic trade-off between them. The overall percentage of errors in this 
experimentt was 13.1%, which is considerably higher than in the previous experiments. 

DigitDigit  Adding 

AA repeated measures ANOVA was performed on the scores for digit adding. The 
factorss for the digit adding ANOVA were group (re-paired first group, new first group) and 
phasee (Tl, T2, T3). There were no significant main effects for group or phase and there was 
noo Group x Phase interaction (all p > .15), indicating that the groups were comparable in terms 
off  accuracy on the digit adding and that the digit adding scores were very constant. 
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Furtherr analysis within the phases demonstrated that digit adding led to a significant 
decreasee in performance. A repeated measures ANOVA was performed on Part 2 and Part 3 of 
eachh phase for all three dependent measures. In each phase, the introduction of the digit 
addingg in Part 3 caused a significant increase in RTs, error rate and non-responses in 
comparisonn with Part 2, F(\, 39) ranging from 41.98 to 392.7, all p < .0001. However, digit 
addingg did not have an extra effect on the performance in the re-paired colour conditions. 
Accordingg to t-tests, there were no significant differences between the groups in RTs, error 
rates,, and non-responses in the third parts of each phase. 

Discussion n 

Alsoo in colour coding a strong negative transfer effect was found. The switch to the 
samee colours in different combinations with the same keys led to the same, or even worse 
performancee level, than at the start of the training phase. Coding with re-paired colours led to 
ann increase in RT in comparison with coding with completely new colours. This increase of 
RTT was also found after interpolated learning of new colours. This suggests that there is no 
"neutralising""  effect of another related task. This also suggests that unlearning is not very 
likely.. The same pattern of effects was found for error rate and non-responses, although these 
effectss were smaller, as is illustrated by the insignificance of the isolated between group 
comparisons. . 

Thee goal to increase the error rate in comparison with our earlier experiments was 
reached.. Especially, the introduction of digit adding led to an increase in error rate. Digit 
addingg had, however, no differential influence on the transfer condition where the competitive 
colour-keyy bindings were used. A possible explanation for the lack of a differential effect may 
bee that the combination of the two tasks is so difficult that subjects from both groups work in 
thee same controlled manner. As Experiment 4.1 already suggested, a minimal amount of 
fluencyy in the operation might be a prerequisite for the occurrence of interference. 

Genera ll  Conclusio n 

Doo the results from the reported experiments provide the answers to the questions 
posedd in the introduction? The answer is: partially. Negative transfer and to a lesser degree 
retroactivee interference is found in these more difficult tasks. Overall transfer is positive but 
byy the use of control groups the interference effects could be isolated. Interestingly, when the 
taskss became very difficult, in experiment 4.1 immediately after the switch to the transfer 
phasee and in experiment 4.2 during the dual task situation, there was (initially) no interference 
effect.. The implication of this result is that a certain degree of fluent operation is required to 
obtainn interference. It may not be the fluent operation itself, but it may be necessary to 
establishh a firm representation before interference may occur. This suggests that the negative 
transferr found is not so much a problem in learning, as well as a problem in retrieval. 

Thee question whether subjects adopt an intentional inhibition strategy after switching 
too possibly interfering tasks can be answered negatively. Subjects did not adopt an intentional 
inhibitionn strategy, only the RTs on the re-paired letter-digit combinations increased. This 
resultt is in favour of an interference effect that operates automatically. 
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Finally,, the last question was whether subjects in possibly interfering situations could 
bee forced to make more errors than subjects learning a new skill when brought in difficult task 
situations.. All subjects made substantially more errors as a consequence of the manipulations. 
Thee number of errors was very large for all conditions, indicating that in very difficult task 
situationss there is no additional effect of interference. This may have been the result of the 
relativelyy slow operation under difficult circumstances. That the dual task situation is very 
difficul tt can be derived from the fact that there was almost no improvement in the 
performancee across the adding tasks. 

Thiss chapter nicely illustrates that negative transfer and retroactive interference do 
occurr under a wide range of task variations (e.g. more letter-digit combinations, serial 
responding,, and colour stimuli). These experiments add further evidence for the existence of 
negativee transfer and interference in skill learning. In addition, these experiments also 
demonstratee that the occurrence and the pattern of interference in skill acquisition, as in verbal 
learning,, is not easy to predict and is dependent on several factors. 
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Appendi x x 

Keyy combinations used in Experiment 4.1.The first set of nine letters represents the training 
keyy and the second set of nine letters the transfer key. 

Partia ll  Re-paire d Keys 
L D W G J T B N R R 
L F W HH K T C N S 
L G W R B T J N D D 
L H W S C T K NN F 

M D Z G JJ V B P R 
MM F Z H K V C PS 
M G Z R B V JJ PD 
M H Z S C V K P F F 

W D N GG J L B T R 
W F N H K L C T S S 
W G N R B L J T D D 
W H N S C L K T F F 

Z D P G J M B VV R 
Z F P H K M C V S S 
Z G P R B M J V D D 
Z H P S C MM K V F 

W D N G J L B T R R 
WW F N H K L C T S 
W G N RR B L J T D 
W H NN S C L K T F 

ZZ D P G J M B V R 
Z F PP H K M C V S 
Z G P R B M J V D D 
Z HH P S C M K V F 

L D W GG J T B N R 
L F W HH K T C N S 
L G W R B T J N D D 
LL H W S C T K N F 

MM D Z G J V B P R 
MM F Z H K V C PS 
MM G Z R B V J P D 
MM H Z S C V K P F 

Partia ll  New Keys 
L D W G J T B N R R 
L F W H K T C N S S 
L G W R B TT J N D 
L H W S C T K NN F 

M D Z G JJ V B P R 
M F Z H K V C P S S 
M G Z R B V JJ PD 
M H Z S C V KK PF 

W D N G J L B T R R 
W F NN H K L C T S 
W G N R B L J T D D 
W H N S C L K T F F 

Z D P G J M B V R R 
Z F P HH K M C V S 
Z G P R B M J VV D 
Z H P S C MM K V F 

ZZ D P G J M B V R 
Z F P H K M C V S S 
Z G P R B M J V D D 
Z H P S C M K V F F 

L D W G J T B N R R 
L F W HH K T C N S 
L G W R B T J N D D 
LL H W S C T K N F 

M D Z G J V B P R R 
MM F Z H K V C PS 
MM G Z R B V J P D 
MM H Z S C V K P F 

W D N G J L B T R R 
WW F N H K L C T S 
W GG N R B L J T D 
W H NN S C L K T F 

Tota ll  Re-paire d 
L D W GG J T B NR 
L F W H K T C N S S 
L G W R B T J N D D 
L H W S C T K NN F 

M D Z G JJ V B P R 
M F Z H K V C P S S 
M G Z R B V JJ PD 
M H Z S C VV K PF 

W D N G JJ L B T R 
W F NN H K L C T S 
W G N R B L J T D D 
W H N S C L K T F F 

Z D P G J M B V R R 
Z F P H K M C V S S 
Z G P R B M J V D D 
Z H P S C M K V F F 

Keys s 
W G N RR B L J T D 
W H NN S C L K T F 
W D N G J L B T R R 
W F NN H K L C T S 

Z G P R B M J V D D 
Z H P S C M K V F F 
ZZ D P G J M B V R 
Z F P HH K M C V S 

L G W R B T J N D D 
L H W S C T K N F F 
L D W G J T B N R R 
L F W HH K T C N S 

MM G Z R B V J P D 
M H Z S C VV K P F 
M D Z G J V B P R R 
MM F Z H K V C PS 

Tota ll  New Keys 
L D W GG J T B NR 
L F W H K T C N S S 
L G W R B T J N D D 
L H W S C T K N F F 

M D Z G JJ V B P R 
M F Z H K V C P S S 
M G Z R B V JJ PD 
M H Z S C VV K PF 

W D N G JJ L B T R 
W F NN H K L C T S 
W G N R B L J T D D 
W H N S C L K T F F 

Z D P G J M B VV R 
Z F P HH K M C V S 
Z G P R B M J V D D 
Z H P S C MM K V F 

Z H P S C M K V F F 
Z G P R B M J V D D 
Z F PP H K M C V S 
Z D P G J M B V R R 

W H NN S C L K T F 
W G N RR B L J T D 
W F NN H K L C T S 
W D N G J L B T R R 

M H Z S C VV K P F 
MM G Z R B V J P D 
MM F Z H K V C PS 
M D Z G J V B P R R 

L H W S C T K N F F 
L G W R B T JJ ND 
L F W HH K T C N S 
L D W G J T B N R R 
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Complexit yy  and Interference : 

Linea rr  Orderin g 

InIn the reported experiment it is investigated whether interference occurs in a complex 
cognitivecognitive skill, such as magnitude decisions in the learning of linear orderings. 
SubjectsSubjects learned an 8-term linear ordering consisting of abstract symbols. After two 
trainingtraining sessions, subjects learned a new linear ordering, either with new symbols or 
withwith the same symbols in a different ordering. A small negative transfer effect was 
found.found. This result again calls into question the assumption that interference is absent 
inin skill learning and provides further insight into the circumstances under which 
interferenceinterference occurs. 

Performancee of complex cognitive tasks builds on the components inherent in simpler 
perceptuall  motor tasks (Newell, Rosenbloom, & Laird, 1989; Proctor, Reeve, Weeks, Dornier, 
&&  Van Zandt, 1991). Anderson, Fincham, and Douglass (1997) suggest that the same mix of 
learningg processes that are involved in relatively simple and artificial tasks are involved in more 
complexx problem-solving tasks. In addition, it can be argued that intellectual and perceptual 
motorr skills are acquired in fundamentally similar ways (Rosenbaum, Carlson, & Gilmore, 
2001).. These statements suggest that basic characteristics of simpler tasks seem to play a role in 
moree complex tasks. The occurrence of interference when tasks are similar and responses are 
reversedd can be seen as a basic characteristic of a simple task. Thus, reasoning along this line, it 
seemss logical that the interference process also plays a role in learning of more complex skills. 
Thoughh less visible because the relative contribution of the interference is much smaller than in 
simplee tasks, interference may be present in the complex skill. 

Inn contrast, it may be possible that characteristics of complex skills have an influence on 
thee occurrence of interference. Our previous experiments, for example, demonstrated that the 
occurrencee of interference was associated with relatively fast responding. It might be that the 
slowerr and more controlled way of responding in complex skill acquisition leads to less or no 
interferencee at all. This suggests that generalising conclusions drawn from relatively simple 
experimentss to complex cognitive skills should be done with care. Briefly, there are two 
possibilitiess concerning the role of complexity in interference. On the one hand, component 
processess in simple tasks may play an important role in complex cognitive processing, thus 
interferencee might appear. On the other hand, it is possible that in complex skills some things 
aree qualitatively different (e.g. strict cognitive control), leading to no interference. 
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Thee net negative transfer and interference effects that were found in the previous 
experimentss did not corroborate the statement of Anderson (1995) that interference is absent in 
skilll  learning. Even the findings on interference in text editing itself are not consistent, which 
cann be partly explained by the level of analysis (Heydemann, Hoffmann, & Schmidt, 1991). 
Codingg and text editing are similar in the sense that both require a series of stimulus-response 
couplings.. There are, however, also obvious differences. The tasks differ for instance in the 
levell  of complexity. Coding is an easy, fast, and clearly restricted skill, whereas text editing is 
harderr to learn, involves longer response times and a less restricted way of responding. 

Cataniaa (1992) states that although informed estimates of transfer can be made, the best 
wayy to find out about the direction and magnitude of transfer is to do the experiment. 
Overseeingg the results in complex skill learning and the possible problems with generalisations 
off  relatively simple tasks, an experiment with a more complex skill seems to be the logical next 
step. . 

AA custom-made text editor, as Singley and Anderson (1989) used for their experiments, 
iss not usable anymore for the study of transfer because the use of text editors is now so 
widespreadd that almost everyone has some experience with editing. To investigate interference 
inn more complex skill acquisition, a cognitive skill was required that resembled both the coding 
taskk and the text-editing task of Singley and Anderson. Another requirement was that the skill 
couldd be learned and transferred within a reasonable time (five one-hour sessions spanning five 
consecutivee days) and that competing responses could be created. Linear ordering was chosen 
becausee it is a cognitive skill and has a strong relation with real life skills as number learning. 
Linearr ordering can be roughly defined as the learning of an ordinal number system with new 
symbols. . 

TheThe Acquisition of Ordinal Information 

Inn linear ordering, the goal is to learn the relations between presented symbols. Each 
symboll  (e.g. A, B, C, D, E) represents a magnitude and on the basis of these magnitudes an 
orderingg can be made (e.g. A<B<C<D<E). In most studies the relations have to be learned on 
basiss of feedback on the responses given. The task of the subject is to decide which of the 
presentedd symbols is the smallest or the largest depending on the instruction (e.g. largest? A-B). 
Tzelgov,, Yehene, Kotler, and Alon (2000) refer to such a task as a magnitude decision (MD) 
task.. Although a different version of the task was developed for the current experiment, we 
referr to our task also as a magnitude decision task. 

Thee nature of the acquisition, representation, and automatisation of linear ordering is still 
unclearr and subject of debate. One of the questions in this research field is whether after 
automatisationn of the task the correct answers are retrieved directly, so called one-step retrieval 
orr that the answers are generated by an algorithm. Logan (1988) suggests that automaticity is 
efficientt memory retrieval and is a reflection of mere data accumulation. Others suggest that 
automaticityy takes place in procedural memory and is a reflection of algoritmic learning 
(Anderson,, 1992). The former view leads to a hypothesis in which there is almost no 
generalisationn to pairs that were not studied, the latter view is more flexible and states that 
generalisationn is possible. Because generalisation has been found in linear ordering, 
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automatisationn in linear ordering seems not to be constrained to the retrieval of previously 
encodedd responses from memory (Tzelgov et al., 2000). This debate is, although interesting, not 
thee focus of the present research. Linear ordering is mainly chosen because of its task 
characteristics. . 

Thee present experiment investigates the impact of learning an ordering of symbols, each 
representingg a magnitude, on the learning of a second system with the same symbols in a 
differentt ordering. In addition, the impact of the intervening tasks on the performance on the 
originall  task on the fifth day was studied. In this experiment subjects had to extract the 8-term 
orderingg themselves on basis of the given problems. To gain insight into the declarative 
knowledgee about the ordering, subjects had to give the ordering of the symbols after each block 
off  twenty trials. Although pure retroactive interference cannot be studied because the two 
groupss are confronted with the same material in the interpolated sessions (3 and 4), a possible 
influencee of recency could be studied with the current experimental design (See Table 5.1). It is 
expectedd that if a difference in the amount of retroactive interference appears, the new symbols 
firstt group will perform worse in Session 5 because it was confronted most recently with the 
differentt ordering of the same symbols as in Session 5. 

Method d 

Subjects Subjects 

Subjectss were 38 right-handed students of the University of Amsterdam who received 
partiall  course credit in exchange for their participation. All subjects had some experience with 
computerss and knew how to operate a mouse. Nine people were excluded from the analysis 
becausee they did not meet the following two criteria. The first criterion was that the first 
trainingg set had to be completed within the first session. Seven subjects did not meet this 
criterion.. The second criterion was that before the third session the correct ordering of the 
symbolss was given at least once. Four subjects did not meet this criterion, of which two were 
alreadyy excluded on the basis of the first criterion. Subjects were tested in pairs; each subject 
wass seated in different compartments of a room. 

Design Design 

Thee experiment consisted of five sessions on five consecutive days. All subjects passed 
throughh the experimental and control conditions which made a between and a within analysis 
possible.. Two groups that differed in the ordering of the conditions were distinguished, a same-
firstt group and a new-symbols-first group. The experimental design is shown in Table 5.1. In 
thee first two sessions, all subjects were trained on one of the four linear orderings (A). In 
Sessionn 3, the same-symbols-first group had to learn a set with the same symbols in a different 
orderingg than in the training sessions (A'). The new symbols first group acted as a control group 
andd had to learn a set with new symbols (B). In Session 4, the same-symbol-first group first had 
too learn the set with new symbols (A), whereas the new-symbol-first group had to learn the set 
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withh the same symbols as in the training sessions in a different ordering (A1). In Session 5, the 
twoo groups were retested on the symbol ordering used in the first two sessions (A). 

Tablee 5.1. The ordering of the tasks for the same-symbol-first group and the new-
symbol-firstt group. A = training task, A' = reshuffled training (experimental) task, B = 
controll  task 

Session n 

Samee Symbol First 

Neww Symbol First 

1 1 

A A 

A A 

2 2 

A A 

A A 

3 3 
A' ' 

B B 

4 4 

B B 

A' ' 

5 5 

A A 

A A 

Att the end of Session 5 a short task (two blocks) was administered with digits (from 1 to 
8)) instead of abstract symbols. The results on this task could be used as a reference for the 
speedd of the performance with the abstract symbols. The dependent variables in the experiment 
weree response times and error rates. 

Apparatus Apparatus 

Thee experiment was conducted on two Apple Power Macintosh 4400 computers with 
14-inchh colour monitors. A standard one-button mouse was used for responding. 

Procedure Procedure 

Thee instructions were presented onscreen. The task was explained in text and with a 
speciallyy prepared trial with small dinosaur pictures instead of the abstract symbols used in the 
actuall  experiment. In the instruction subjects already made one response and learned how to 
startt a new trial. During the instruction, the experimenter gave comment and verified whether 
everythingg was understood. 

Single-taskk trials went as follows: The subject moved the pointer on the home area, a 
greyy spot in the middle of the response circle, to start a trial. Figure 5.1 shows an example of a 
triall  as it appeared in the experiment. When the pointer entered the home area, it turned dark 
greyy and after 1 second the word "grootst" (largest) or "kleinst" (smallest) appeared in the 
middlee of the screen, together with three inequalities. The three inequalities contained all 
possiblee relations between the given three symbols. The subject figured out an answer and 
clickedd on one of the eight symbols in the response circle beneath the inequalities. The subject 
wass instructed to do this as fast and accurately as possible. When a response was given, the 
problemm disappeared and immediate feedback appeared in the form of a red (incorrect) or green 
(correct)) ring animated around the home area. To start a new trial the subject had to move the 
pointerr on the home area and keep it there until another response had to be given. 

AA pilot study revealed that the switch from largest trials to smallest trials and vice versa 
wass not always easy. Especially when the switch came after a series of trials in which the same 
answerr was required (e.g., the largest) subjects had a tendency to give the previously required 
answerr (e.g., the largest instead of smallest). To make the opposing instructions easily 
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discernible,, the two words were shown in different colours (blue for largest and green for 
smallest).. Although not experimentally verified, this manipulation seemed to reduce the intra-
taskk interference substantially. 

** > D 
**  <
DD <

k i e i n s t? ? 

M M 

DD * 

44 O 

Figuree 5.1. A sample trial of a magnitude decision in the linear-ordering task. On the 
triall  depicted here, the symbol that represents the smallest ("kleinst") magnitude of 
thee three symbols was required. Responses were given by clicking one of the symbols 
inn the response circle beneath the question. The circle within the response circle is the 
homee area. 

Eachh session consisted of 17 blocks with the abstract symbols. In Session 5, two extra blocks 
weree added in which numbers replaced the abstract symbols. Each block consisted of 20 trials. 
Afterr each block the subjects had to give the correct ordering of the symbols by clicking the 
symbolss in the response circle from the smallest magnitude to the largest. The subjects were 
instructedd to guess if they did not know the correct answer. After a break of ten seconds the 
subjectt started the next block. 
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Materials Materials 

Fourr sets of symbols were used (See Figure 5.2). Two sets with different symbols were 
createdd (Set A and C) and two were added (Set B and D) by rearranging the first two sets using 
thee following rearrangement schema, 57186342. The first 5 in this series means that the symbol 
representingg the fifth magnitude in set A and C becomes the symbol representing the first 
magnitudee in B and D. In the same way the other seven values in each set can be rearranged. 

** <  * O II  *
BB ll + < * D # O B 

Figuree 5.2. The four symbol sets as used in Experiment 5.1. The symbols are ordered 
fromm small to large. 

Althoughh the task is called linear ordering, the symbols were presented in a circle to the 
subjects.. Visually the symbols in the circle were the same for the original and the rearranged 
sets.. However, the underlying ordering of the symbols was different. Because the sets A and C 
andd the sets B and D had still the same placement of the ordering in the circle, the placement of 
thee underlying values was rotated 180 degrees in the sets C and D. Although it seems that no 
onee would have noticed the relation, we wanted to be sure and tried to exclude in this way that 
subjectss could use the position instead of the symbol for determining the correct answer 
orderings.. There was no overlap of placements between the four circles. So, when in Set A the 
topp placement was the fifth value in line, the top placements of the other three sets did not 
containn the fifth value and all had different values. By the method just mentioned four sets of 
symbolss were created that were as similar as possible but differed on crucial aspects. The 
resultingg systems of ordering are shown in Figure 5.3. 

Eachh problem consisted of three inequalities in which all possible relations between the 
givenn three symbols were depicted. Thus, the inequalities always provided enough information 
forr the correct solution. Two sets of problems were created, one set of problems in which the 
largestt value is required as an answer and another set in which the lowest value is required. 
Eachh triplet of symbols (21 + 15+10+6+3+1 = 56 triplets) could be written in 48 ways, which is 
thee combination of the ordering of the equalities (3! = 6 possibilities) and the ordering of the 
symbolss within the three inequalities (23 = 8 possibilities). The two sets together consisted of 
53766 problems that were all generated. 
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B B 

8 8 

* 88 8  4 

ee D O * 7 5 d O *  2 

D D 
3 3 

44 B 1 ++
77 A O < 6 

yy - # , 

6 6 

77 B 3 ++
22 A O * 5 

yy _ #„ 

Figuree 5.3. Arrangement of the symbols and the corresponding magnitudes in the 
fourr response circles used. The magnitude of the symbols is depicted by the numbers. 
Notee that these numbers were not present in the actual experiment. 
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Becausee it was not possible to administer all problems, a subset was selected with the 
constraintt that all symbol combinations were present in this set. For the values at the end of the 
scale,, the lowest value when the smallest is required and the highest value when the largest is 
required,, 21 problems had to be selected to have all combinations of the symbols appear once. 
Too exclude frequency effects each symbol appeared the same number of times (21 times) as the 
correctt answer. Thus, for the symbols that were not on the ends of the scales, extra problems 
weree added on basis of the first constraint. The extra problems were randomly selected from 
eachh symbol combination until the required amount was reached. 

Forr the symbols that were on the extreme ends (the number equivalents are 1 and 8) of 
thee scale only problems where the largest, in case of the right-hand side of the scale, or the 
smallest,, in case of the left-hand side of the scale, were possible. Because each time three 
symbolss were compared in three inequalities the same was true for second highest and the 
secondd lowest symbols (numbers 2 and 7). For the symbols representing the four middle values 
(3,, 4, 5 and 6) both largest (11 problems) and smallest problems (10 problems) were selected in 
thee same amounts for each symbol. The resulting subset of 168 problems was doubled and to 
makee the set divisible by 20, four randomly selected problems were added. The resulting 340 
problemss were randomised and divided into 17 blocks. The sequence of stimulus presentation 
wass identical for all sessions. 

Results s 

Onn the basis of the correct responses a mean response time for each block was 
calculated.. Repeated measures ANOVAs were performed on these mean response times for 
eachh session. The factors for the ANOVAS were block and condition. An alpha level of .05 was 
usedd for all statistical tests. 

Training Training 

Wee first address the data from the training, Session 1 and 2. A significant main effect for 
block,, F( l, 27) = 79.88, p < .0001, which confirmed the reduction in response times with 
practicee that can be seen in Figure 5.4, was found. Performance changes in the training blocks 
weree also examined for a power function speedup (Newell & Rosenbloom, 1981). Changes in 
responsee times did adhere to the shape of a power function (See Table 5.2 for the fitting 
results). . 

Tablee 5.2. Two-parameter power law fits to the Mean Response Times per Block for 
thee two groups combined. X denotes the trial block. 

Sessionn Fit (r2) Function 

11 & 2 .98 

33 .91 

44 .87 

55 .91 

lOx x 

5.3x x 

4.6x x 

.45 5 

-.26 6 

.24 4 

3.0x" " 
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Noo main effect for condition or a Block x Condition interaction was found for response 
times.. These results indicate that the two groups were comparable in terms of speed and 
learningg rate in the training sessions. 

o o 
CD D 

CO O 
CD D 

E E 

CD D 
in in c c o o 
CL L 

w w 
CD D 
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11 1 

11 0 

9 9 

8 8 

7 7 

6 6 

5 5 

4 4 

3 3 

2 2 

1 1 
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-Z) -Z) i i o o 

o o 

m m 
fitter fitter fe^oW fe^oW ccTc c 

(Q: : 

% , , 
^ © © 

ifc c 

—o o 

SSF F 

NSF F 

--

3 3 

Session n 

Figuree 5.4. Response Times in seconds as a function of block for the same-symbol-
firstfirst group = SSF and the new-symbol-first group = NSF. The separation lines depict 
thee sessions, except for the last line which indicates a distinction between the last 
symboll  session and the two number blocks. 

TransferTransfer and Retention 

Inn the Sessions 3, 4, and 5, only the main effects for Block were significant, F(16, 432) = 
rangingg from 28.58 to 32.12, all p < .0001. According to a t-test, r(28) = 5.75, p < .0001, 
subjectss performed significantly faster in Session 5 than in Session 2, indicating that even when 
aa retroactive interference effect took place, unobservable in this design because no control 
groupp for retroactive interference was present, it was a very small effect. According to our 
hypothesis,, the same symbol first group should be slower than the new symbol first group in 
Sessionn 3 and faster in Session 4. A repeated measures ANOVA with factors condition and 
sessionn was performed. The Condition x Session interaction was significant, F ( l , 27) = 16.35,p 
<< .001, and confirms the hypothesis (see also Figure 5.5 for the interaction). 
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Figuree 5.5. Response Times in seconds with standard error of the mean as a function 
off  session for the same-symbol-first group = SSF and the new-symbol-first group = 
NSF. . 

ErrorError  Rates 

Noo between group differences in error rates were found in the training sessions or in 
Sessionn 3, 4, and 5. In the training, the effect for block, F(l, 33) = 4.63, p < .0001, shows that 
errorr rate diminished significantly. In addition, there was a significant decrease in error rate in 
Sessionn 5, as shown by the significant main effect for block, F(l, 16) = 1.68, p < .05. The 
hypothesiss that the same symbol first group should make more errors than the new symbol first 
groupp in Session 3 and fewer errors in Session 4 was not confirmed. A repeated measures 
ANOVAA with factors condition and session was performed, showing that the Condition x 
Sessionn interaction in error rate was not significant. The overall error rate percentage in this 
experimentt was 1.8%. 

LinearLinear ordering test 

Accordingg to t-tests, no significant differences between the conditions were found in the 
firstfirst errorless ordering for each session (all p's > .62). Thus, the two groups were comparable in 
termss of speed of learning showing declarative learning is not differentially affected by the 
reorderingg of the same symbols. The linear orderings showed that the magnitudes at the end of 
thee scales were acquired first and the middle magnitudes last. 
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ComparisonComparison with the Standard Number System 

Thee performance on the task with the numbers 1 through 8 showed that the performance 
withh the abstract symbols is relatively fast (See the two dots after the last vertical line in Figure 
5.4).. The performance on the number task should be very fast because no comparison is 
required.. With the number task the highest or lowest number is seen in a glance. However, the 
maximumm speed on the number task could be somewhat underestimated because the numbers in 
thee answer circle were not presented clockwise but irregular (but consistent over trials). The 
interferencee that may result from the way the answer circle was presented may have led to an 
underestimationn of fastest performance possible. 

Discussion n 

Evenn in this complex cognitive task a negative transfer effect is found. On the aggregate 
levell  the transfer is strongly positive, as can be seen by the lower entry levels of the newly 
learnedd orderings in Session 3 and 4. The negative effect is relatively small and can only be 
detectedd by the most sensitive analysis, in this case the interaction between session (3 and 4) 
andd group. This study shows how important a detailed analysis is to distinguish negative effects 
fromm the overall positive effects. Although this effect does, considering its smallness, not seem 
too have important practical implications, it certainly has theoretical implications. The main 
implicationn is that interference is not absent in the learning of skills, as Anderson (1987, 1995) 
suggested.. The tasks were well automated as demonstrated by the power law fits and the 
comparisonn between the symbol and number performance. 

Ass in the previous experiments no effects were found in error rate except for a decrease 
inn the training sessions. This result also indicates the subtlety of the interference and 
inn sensitivity of the error rate measure. 

Thee two groups performed equally well in Session 5, indicating that there is no recency 
effect.. The more recent confrontation of the same symbols in a different ordering does not lead 
too worse performance in the new-symbol first group. The design, however, does not allow us to 
discernn whether retroactive interference occurs because there is no control for retroactive 
interference.. The results indicate that that an eventual retroactive interference effect is very 
small. . 

Thee declarative knowledge about the ordering, as measured by the linear ordering test, 
didd not differ across conditions. These identical learning rates may suggest that learning is not 
affectedd and that the mechanism leading to interference is located in the response decision 
component.. An alternative explanation is, however, that the linear ordering test was not 
sensitivee enough to demonstrate an eventual small difference in learning rate. The current 
findingss further extend the evidence for the occurrence of interference in (cognitive) skill 
acquisition. . 
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Conclusion s 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. 

Primar yy Finding s 

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. 

Secondar yy finding s 

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 



72 2 ChapterChapter 6 

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. . 

Theoretica ll  Implication s 

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. 

Mechanism s 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 Habit s 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-ter mm and Long-ter m Effect s 

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). 

Fina ll  Commen t 

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 
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Samenvattin g g 

Hett optreden van interferentie is uitgebreider onderzocht bij het leren van verbale 
gegevenss dan bij het leren van vaardigheden. In dit proefschrift omvat de term interferentie 
zowell  negatieve transfer als retroactieve interferentie. Negatieve transfer verwijst naar de 
storendee invloed van eerder geleerde informatie op het leren van nieuwe informatie. 
Retroactievee interferentie verwijst naar de storende invloed van nieuw geleerde informatie op 
hett zich herinneren van eerder geleerde informatie. Er zijn onderzoekers die menen dat 
interferentiee bij vaardigheidsleren in het geheel niet voorkomt (Singley & Anderson, 1989, 
Anderson,, 1995). Deze opvatting wordt in dit proefschrift de nonexistentie hypothese genoemd. 
Dee algemene opvatting is dat beide vormen van interferentie in vaardigheidsleren zeldzaam 
zijn,, en dat wanneer zij optreden, er sprake is van een klein en kortdurend effect. De hoofdvraag 
inn dit proefschrift is of de nonexistentie hypothese in overeenstemming is met de empirie. 

Eenn belangrijke argument tegen de nonexistentiehypothese is dat negatieve transfer bij 
vaardigheidslerenn reeds is gevonden. Voorbeelden hiervan zijn gegeven in Hoofdstuk 1, waarbij 
dee meeste aandacht uitgaat naar het codeerexperiment van Parreren (1951). In dat experiment 
werdd gemeten hoe snel mensen volgens een gegeven sleutel letters in cijfers konden omzetten. 
Parrerenn (1951) vond een sterke negatieve invloed (blijkend uit een vertraging in de responstijd) 
vann de eerst geleerde sleutel op het aanleren van een nieuwe codeersleutel met daarin dezelfde 
letterss in andere combinaties met de cijfers. Een opvallend verschil tussen de taak van Parreren 
enn die van Singley en Anderson is het verschil in complexiteit. De codeertaak van Parreren 
(1951)) is een hele eenvoudige taak terwijl de tekstverwerkingstaak van Singley en Anderson 
(1989)) relatief complex is. Dit is van belang omdat er reden is om aan te nemen dat negatieve 
transferr beter zichtbaar is in eenvoudige taken dan in complexe taken. Uitgangspunt hierbij is 
datdat de absolute hoeveelheid interferentie ten gevolge van onverenigbare responsen constant 
blijf tt ongeacht de complexiteit van de taak. Tussen gelijkende taken treedt ook positieve 
transferr op omdat proefpersonen tijdens het experiment geleerde kennis uit de ene taak kunnen 
toepassenn bij de andere taak. De mogelijkheid voor positieve transfer is groter naarmate een 
taakk complexer is. Dat betekent dat wanneer de hoeveelheid negatieve transfer constant is, de 
invloedd en daarmee de zichtbaarheid ervan afneemt naarmate de taak complexer is. Om de mate 
vann negatieve transfer te bepalen moet het onderscheiden kunnen worden van positieve transfer. 
Bijj  het oorspronkelijke experiment van Parreren (1951) ontbrak de voor dit doel relevante 
controlegroep. . 

Dee codeertaak van Parreren (1951) heeft als basis gediend voor de in Hoofdstuk 2 
beschrevenn serie experimenten. De verwachting voor deze eerste serie experimenten was dat 
interferentiee gevonden kan worden wanneer twee sterk gelijkende taken met onverenigbare 
responsenn na elkaar geleerd worden. Daarnaast is de verwachting dat hoe eenvoudiger de te 
lerenn taak is, hoe zichtbaarder de interferentie zal zijn. In het meest extreme geval leidt de 
omdraaiingg van de responsen in de tweede taak tot netto negatieve transfer, wat wil zeggen dat 
dee prestatie op de tweede taak slechter is dan het beginniveau. Om deze verwachtingen te 
toetsenn werden vier letter-cijfer codeerexperimenten uitgevoerd. In de eerste twee experimenten 
werdd de codeertaak als een keuze-reactietijdtaak aangeboden aan de proefpersonen. Bij deze 
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taakk moesten proefpersonen zo snel mogelijk na het verschijnen van een letter op het 
beeldschermm de bijbehorende knop indrukken. Deze taak kan beschouwd worden als een sterk 
vereenvoudigdee vorm van de tekstverwerkingstaak zoals gebruikt door Singley en Anderson 
(1989).. Negatieve transfer werd bestudeerd door proefpersonen na een trainingsfase in de 
transferfasee een taak aan te leren waarin alle responsen op een andere wijze waren gekoppeld 
aann de eerder gebruikte stimuli. Een controlegroep voerde een codeertaak uit met in de 
transferfasee nieuwe in plaats van gerecombineerde letters. Deze opzet maakte het mogelijk om 
dee interferentie-effecten te isoleren. Na de transferfase kregen alle proefpersonen de opdracht 
opnieuww de oorspronkelijke trainingstaak uit te voeren. Op die manier kon worden bepaald of 
nieuww geleerde informatie een storende invloed heeft op het werken met eerder geleerde 
informatiee (retroactieve interferentie). 

Inn de eerste twee experimenten werd een negatief transfer effect gevonden met daarnaast 
inn experiment twee ook nog een retroactief interferentie effect. Door het gebruik van de juiste 
controlegroepp werd duidelijk dat de interferentie gemaskeerd wordt door het positieve 
trainingseffect.. Het trainingseffect voor de taak bleek groter dan het negatieve-transfer-effect, 
waardoorr er geen sprake was van netto negatieve transfer. Dat wil zeggen dat er geen slechtere 
prestatiee op de tweede taak werd gevonden in vergelijking met de prestatie op de eerste taak. 
Omdatt Parreren (1951) wel netto negatieve transfer vond is bij de experimenten 3 en 4 gewerkt 
mett een taak die meer leek op zijn oorspronkelijk codeertaak (papier en potlood i.p.v. 
computer).. De verwachting was dat op deze manier de hoeveelheid positieve transfer nog meer 
zouu worden verkleind. De resultaten van de experimenten 3 en 4 komen overeen met deze 
verwachtingg en lieten zowel sterke netto negatieve transfer als retroactieve interferentie zien. 

Dee conclusie uit de eerste serie experimenten is dat de nonexistentiehypothese kan 
wordenn verworpen. Wanneer de complexiteit en de opzet van experimenten waarin 
vaardigheidslerenn worden onderzocht op een vergelijkbaar niveau wordt gebracht met 
experimentenn uit het verbaal leeronderzoek wordt er interferentie gevonden. Deze conclusie 
heeftt onder andere implicaties voor de theorievorming voor het onderscheid tussen declaratieve 
enn procedurele kennis. Het argument dat interferentie bij vaardigheidsleren afwezig is kan niet 
langerr worden opgevoerd als ondersteuning voor het onderscheid in declaratieve en procedurele 
kennis. . 

Inn de volgende experimenten werd onderzocht wat de invloed van diverse factoren op 
hethet ontstaan, de omvang en de duur van de interferentie was. Mogelijke factoren die van 
invloedd kunnen zijn op interferentie zijn onder andere: gelijkenis van de taken, 
onderscheidbaarheidd van de taken (contexteffecten), mate van training op de eerste taak, 
trainingschemaa waarin de twee taken getraind worden, intelligentie van de uitvoerende en 
moeilijkheidd van de taak en de taakomstandigheden. 

Inn Hoofdstuk 3 worden twee experimenten gepresenteerd. In Experiment 3.1 werd 
onderzochtt of snelle en langzame taakalternering leidde tot een vergelijkbare hoeveelheid 
interferentie.. Uit de resultaten bleek dat snelle alternering in een dergelijke eenvoudige taak 
geenn invloed heeft op de grootte van het interferentie-effect. Snelle alternering kon daarom 
gebruiktt worden in het vervolgexperiment 3.2, waarin de invloed van context op interferentie 
werdd onderzocht. De context werd gemanipuleerd door de achtergrondkleur (van de 
formulierenn waarop de taak werd aangeboden) tegelijk met de sleutel te variëren. Het idee 
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hierachterr was dat verschillende achtergrondkleuren zouden helpen bij het onderscheiden van 
dee twee verschillende sleutels waardoor de interferentie zou verminderen. De twee groepen 
vertoondenn echter een zeldzaam identiek patroon van reactietijden. Dit betekent dat de 
onderscheidingg in achtergrondkleur geen invloed heeft op de hoeveelheid interferentie, maar 
sluitt niet uit dat andere contextinvloeden een rol kunnen spelen. 

Inn Hoofdstuk 4 werd de invloed van taakmoeilijkheid onderzocht. In Experiment 4.1 
werdd de sleutel uitgebreid tot negen combinaties. De invloed van een geheel en een gedeeltelijk 
gerecombineerdee sleutel werden vergeleken met elkaar en met twee controlegroepen. De 
resultatenn lieten een duidelijk interferentie-effect zien in de groep waarin alle letter-cijfer 
combinatiess waren gerecombineerd. In tegenstelling tot de eerdere experimenten waar het 
interferentie-effectt onmiddellijk optrad en langzaam afnam, trad het interferentie-effect in dit 
experimentt pas op na enkele blokken en bleef relatief lang in stand. Een mogelijke verklaring is 
datt direct na de overgang naar de transfertaak proefpersonen zeer gecontroleerd en langzaam 
werkenn omdat de taak erg moeilijk is. Pas wanneer proefpersonen de tweede sleutel enigszins 
beheersenn en sneller antwoorden treedt er interferentie op. Onderzocht is of het interferentie 
effectt kan worden geweten aan een neiging van proefpersonen om bewust langzaam te gaan 
werkenn om fouten te vermijden, wat er toe zou leiden dat alle responsen vertraagd worden en 
niett alleen die op de omgedraaide combinaties (in dit proefschrift wordt dit de intentionele 
inhibitiee strategie genoemd). Vergelijking tussen de wel en niet omgedraaide combinaties liet 
zienn dat de vertraging zich beperkt tot de omgedraaide combinaties en dat er geen sprake is van 
eenn intentionele inhibitie strategie. De gevonden resultaten wijzen in de richting van een 
vertragingg als gevolg van een niet bewust respons keuzeproces als mogelijke verklaring voor de 
gevondenn interferentie. 

Inn Experiment 4.2 werd onderzocht in hoeverre een verhoging van de totale 
taakbelastingg leidde tot een verhoging van het aantal fouten en of een eventuele verhoging in 
foutenn onevenredig veel groter was in de interferentie conditie. Hiervoor is gebruik gemaakt 
vann een dubbeltaak: naast het coderen moest ook een eenvoudige rekentaak worden uitgevoerd. 
Hett aantal fouten nam onder invloed van de gebruikte dubbeltaakmanipulatie sterk toe, maar 
verschildee niet over de condities. Geconcludeerd werd dat onder moeilijke taakomstandigheden 
geenn additioneel effect van interferentie optreedt. 

Inn Hoofdstuk 5 werd een complexere taak, de lineaire ordeningstaak, gebruikt om de 
invloedd van complexiteit te onderzoeken. In deze taak moest bij iedere trial zo snel mogelijk 
eenn symbool worden geselecteerd dat de kleinste of de grootste hoeveelheid representeerde. 
Informatiee over de ordening van de grootte van de symbolen moest worden afgeleid tijdens de 
taak.. Bij iedere trial werden drie ongelijkheden aangeboden waarin drie symbolen (uit een serie 
vann acht) waren verwerkt. Verwacht werd dat in het begin de ongelijkheden moesten worden 
opgelostt maar dat al doende een mentale ordening van de symbolen zou ontstaan waardoor het 
makkelijkerr zou worden om snel antwoord te geven. Onderzocht werd in hoeverre een 
tweedaagsee training op een bepaalde ordening een storende invloed heeft op het leren van een 
ordeningg met dezelfde symbolen in andere onderlinge verhoudingen. Net als in het experiment 
vann Singley en Anderson (1989) werd sterke positieve transfer gevonden. Door de gebruikte 
onderzoeksopzett was het mogelijk een gedetailleerde analyse uit te voeren waaruit bleek dat er 
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well  degelijk interferentie optreedt. Hoewel het effect relatief klein is kan het in absolute zin 
wordenn vergeleken met de effecten zoals gevonden in de codeertaken. 

Dee belangrijkste conclusie van dit proefschrift is dat interferentie in de vorm van 
negatievee transfer en retroactieve interferentie bij het leren van vaardigheden kan worden 
gevonden.. Dit effect treedt vooral op als een vertraging in de responsen en is veelal niet te 
vindenn in de fouten. Een intentionele inhibitie strategie lijkt , net als een bewuste vorm van 
verwarring,, onwaarschijnlijk als bron van de interferentie. De vertraging treedt waarschijnlijk 
opp in een niet bewust keuze proces op een laag cognitief niveau. Met relatief weinig training 
kann een sterk interferentie-effect optreden. Dit effect wordt zichtbaarder naarmate de taak 
eenvoudigerr en de mogelijkheid tot positieve transfer kleiner is. 
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