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Sourcess of Interference in Coding: 

Trainingg and Distinctiveness 

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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Experimentt 3 .1: Training Schedule and Interference 

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). 

Experimentt 3.2: Context Distinction and Negative Transfer in Coding 

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. 


