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Negative correlations between task performance in dynamic control tasks and verbalizable 
knowledge, as assessed by a post-task questionnaire, have been interpreted as dissociations 
that indicate two antagonistic modes of learning, one being "expl ic it" , the other "implicit" . 
T h i s paper views the control tasks as finite-state automata and offers an alternative inter­
pretation of these negative correlations. It is argued that "good controllers" observe fewer 
different state transitions and, consequendy, can answer fewer post-task questions about 
system transitions than can "bad controllers". T w o experiments demonstrate the validity 
of the argument by showing the predicted negative relationship between control performance 
and the number of explored state transitions, and the predicted positive relationship between 
the number of explored state transitions and questionnaire scores. However, the experiments 
also elucidate important boundary conditions for the critical effects. W e discuss the implica­
tions of these findings, and of other problems arising from the process control paradigm, for 
conclusions about implicit versus explicit learning processes. 

Impl ic i t learning has been investigated in a number o f experimental paradigms such as 
probabi l i ty learning (e.g. Reber & Mi l lward , 1968), serial reaction t ime (e.g. W i l l i n g h a m , 
Nissen , & Bul lemer , 1989), anagram so lv ing (e.g. Gardiner , A l i s o n , & Sut ton , 1989), and 
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grammar learning (e.g. Reber, 1967). T h e c o m m o n cla im in all these cases is that people 
learn m o r e about structural propert ies o f the material than they can verbalize. 

In a recent review, Reber (1989) suggested that "s imi lar observations concern ing the 
exploi tat ion o f structure have been made in somewhat di f ferent con tex t s " (p. 221). H e was 
referring to process control tush for w h i c h it has been found that "desp i te the reasonably 
satisfactory per formance wh ich people could attain after practising this task, their ability 
to answer quest ions about the system was surpris ingly p o o r " (Broadbent , 1977, pp. 1930. 
T h i s dissociation between verbalization and contro l per formance has been investigated 
intensively b y Broadbent and his colleagues (e.g. Berry and Broadbent , J 984, 1987; 
Broadbent & A s t o n , 1978; Broadbent , F i t zGera ld , & Broadbent , 1986; Hayes & 
Broadbent , 1988) and has led these researchers to conceptual ize two di f ferent modes o f 
learning: T h e so-cal led 5 - m o d e o f learning is "select ive, ef fort ful , and reportable" , and 
the [ / - m o d e is characterized by the "unselect ive and passive aggregation o f in format ion 
about the co -occurrence o f env i ronmenta l features and events " (Hayes & Broadbent , 
1988, p. 251; see also Broadbent , 1989). T h e dist inct ion between these two modes has 
also been equated wi th the dist inct ion between expl icit and impl ic i t f o rms o f learning (e.g. 
Berry & Broadbent , 1988, p. 254). 

In this paper, we discuss and illustrate some o f the potential problems with f ind ing a 
dissociation between per formance in a dynamic contro l task and verbalizable knowledge 
about this task in a post - task questionnaire. In particular, we focus on the finding o f 
negative correlations between task per formance and the ability to answer specific quest ions 
correctly. Such a finding was reported by Berry and Broadbent (1984) and cont inues to be 
cited as ev idence in favour o f the exp l i c i t - imp l i c i t dist inction in learning dynamic contro l 
tasks. T h e prob lem, we argue, is that the interpretation o f these negative correlat ions in 
terms o f the dissociated expl icit and impl ic i t learning processes m a y not be adequate in its 
present f o r m . W e present two exper iments to support our arguments. Finally, we focus on 
some more general prob lems o f the process control paradigm for conc lus ions about 
impl ic i t versus expl icit learning processes. 

The Sugar Factory as a Finite-state Automaton 
Berry and Broadbent (1984) and others (Berry, 1991; Marescaux , L u c , & Karnas , 1989; 
M c G e o r g e & B u r t o n , 1989; Squire & Frambach , 1990; Stanley, Mathews , Buss , & K o t l e r -
C o p e , 1989) used a s imple computer - s imula ted scenario in which subjects contro l the 
product ion o f sugar (P) by manipu la t ing the number o f workers employed ( W ) . T h i s 
" sugar fac tory" operates according to the fo l lowing equation: 

Pt = 2 x W t - P,-, 1 

where 1 W ^ 12 and 1 P ^ 12. T h e values o f ( f a r e mult ip l ied by 100 and the values 
o f P are mul t ip l ied b y 1000 to represent the n u m b e r o f workers and the sugar output in 
tons , respectively. Accord ing to the equat ion, the output o f the system at t ime t, P „ is 
de termined complete ly by the last sugar output , Pt-\, and the present input , ff\, in terms 
o f workers emp loyed by the subject . ( In addi t ion, a " r a n d o m c o m p o n e n t " is usual ly 
added such that o n two - th i rds o f the trials the system changes, at t ime r, to a state that 
is one un i t above or be low the correct state according to the system equation,) 
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For the present purposes , however, it will be more useful to think of this control task as 
a finite-state automaton . T h i s alternative way of describing the task makes more obv ious 
certain aspects o f the learning process that we wish to emphasize. {For more detail on 
describing dynamic tasks as finite-state automata see B u c h n e r & Funke , 1993.) A finite-
state automaton is specif ied by a finite set o f input signals, a finite set o f output signals, 
and a finite set o f states. A transit ion funct ion determines the next state o f the system as a 
consequence o f the i npu t signal and the current state, and a result func t ion determines 
the specific output signal o f the system as a consequence o f the state transition (Hopcro f t 
& U l l m a n n , 1979). 

Fo r the sugar factory, one can easily compute all cell entries (i.e. the states at t ime /, Pt) 
using the system equation for all possible combinat ions o f states ( P t - i ) and inputs 
T h e result ing 1 2 x 1 2 state transit ion matr ix is given in Tab le 1. T o illustrate: i f the system 
is in State 5 ( f i f th row in the matr ix f r om the top; the last sugar output was 5000 tons) , then 
i npu t 8 (800 workers are emp loyed ) leads to State 11 (11,000 tons o f sugar product ion) . 

The Sampling Problem: Why Good Control May Result 
in Bad Verbalizable Knowledge 
O n e o f the main results reported by Berry and Broadbent (1984) was the finding o f 
generally negative correlat ions between contro l per formance as assessed by the number 
o f trials on target, and verbalizable knowledge as assessed by a post-task questionnaire. 

TABLE 1 

State Transition Matrix f o r t h e Sugar Factory 

Input Signal 

Workers 

w 200 300 400 m 600 700 800 900 WOO 1100 1200 

Output Input 
Signal: 
Sugar State 1 2 3 4 5 6 7 8 9 10 11 12 
1000 1 1 3 5 7 <i 11 12 12 12 12 12 12 
2000 2 1 2 4 6 8 10 12 12 12 12 12 12 
3000 3 1 3 5 7 9 h 12 12 12 12 12 
4000 4 1 2 4 (> 8 10 12 12 12 12 12 
5000 5 1 1 3 s 7 9 11 12 12 12 12 
6000 6 1 1 2 4 6 8 10 12 12 12 12 
7000 7 1 1 1 3 5 7 9 11 12 12 12 
8000 8 1 1 1 2 4 6 8 to 12 12 12 
9000* 9 1 1 1 1 3 S 7 9 II 12 12 
10,000 10 1 1 ] 1 2 4 6 8 10 12 12 
11.000 11 1 [ 1 1 1 3 S 7 9 11 12 
12,000 12 1 1 1 1 1 2 4 6 8 10 12 

* This state was defined as the target state of the system. However, States 8 and 10 were also counted as 
"target states". 

Note: The cell entries represent the next state given a certain present state (sugar production, left 
column of the matrix) and a certain intervention (number of workers hired, top row of the matrix). 
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T h e finding that "peop le w h o were better at contro l l ing the tasks were signif icantly worse 
at answering the ques t i ons " has contr ibuted to the speculation " that these tasks might , 
under certain condi t ions , be per formed in some impl ic i t m a n n e r " (Berry, 1993, p. 248), 
whereas the quest ionnaire data are assumed to reflect the results o f expl icit selective 
learning. T h e obv ious impl icat ions o f assuming two dif ferent learning processes to 
produce the negative correlat ions between contro l per formance and quest ionna ire ,per ­
formance are, o f course, that these learning processes can be dissociated and, more 
important ly , that they can exert an inhib i tory inf luence upon each other. I n terms o f 
the imp l i c i t - exp l i c i t learning dist inct ion, the better one iearns to contro l the task, the 
worse one learns to report verbally the structural features o f the task, and vice versa (see 
e.g. Hayes & Broadbent , 1988, p. 270). 

T h e r e may, however, be an alternative explanat ion o f these negative correlations that 
does not rely on postulat ing antagonistic impl ic i t and explicit learning processes. C o n ­
sider that Berry and Broadbent (1984, Exper iment l )1 required their subjects to control 
the sys tem f rom the very beg inn ing o f the exper iment . " G o o d contro l lers" wil l , by 
def in i t ion, reach the target state more frequent ly than will " b a d contro l lers" . A s a 
consequence, the " g o o d contro l lers" will necessarily experience fewer transitions that 
are di f ferent f rom those leading to the target state. In other words, the section o f the 
state transit ion matr ix (see Tab le ! ) covered by " g o o d contro l l e rs " will be rather small . In 
contrast , " b a d contro l l e rs " will not reach the target states very frequently. A s a conse ­
quence, these subjects may experience a larger number of different state transitions. In 
other words, it is plausible that the " b a d contro l lers" explore a larger section o f the 
system's state transit ion matr ix . T h u s , the two types o f subjects may have very different 
learning experiences. I f these assumpt ions are reasonable, we should find a negative corre ­
lation between the n u m b e r o f d i f ferent states experienced and the number o f trials on target. 
It is, o f course, possible for "bad contro l lers" merely to oscillate among a few different 
off - target states, in wh ich case we wou ld not expect a correlat ion dif ferent f rom zero. 

T u r n i n g n o w to the post-task quest ionnaire administered by Berry and Broadbent 
(1984), we find that it contains items that probed subjects with a given work - force 
value, a given state o f the sys tem, and a next intervent ion. Subjects1 task was to predict 
the next state o f the system. For instance, subjects were to ld that the current work force 
was 600, the current sugar ou tpu t was 6000 tons, and the next work force would be 900. 
Subjects tried to predict the result ing output f r o m a given set o f alternatives. Apart f r o m 
prov id ing the initial work - fo rce value, the format o f these items corresponds to that o f 
( incomplete) state transit ions in the system. T h e important point here is that the post - task 
quest ionnaire can be conce ived o f as a sample of state transitions f r o m the matr ix o f state 
transit ions o f the sugar factory. 

It fo l lows rather directly f r om these considerat ions that subjects with a more restricted 
range o f experiences with state t r a n s i t i o n s — " g o o d c o n t r o l l e r s " — m a y have m o r e d i f f i ­
cul ty in answering quest ions that are samples f rom the entire state-transit ion matr ix . In 
contrast , " b a d contro l l e rs " m a y find it easier to answer such quest ions, prov ided they 
really experience a larger number o f dif ferent state transitions. O n the basis o f these 

1 Additional training and concurrent verbalization manipulations were applied in their Experiments 2 and 3, 
so these will not be considered here. 
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considerat ions we hypothes i zed that a negative correlation between contro l task p e r f o r m ­
ance and per formance on the quest ionnaire need not necessarily be expla ined in terms o f 
antagonistic expl icit and impl ic i t learning mechanisms. 

However , two restrictions apply to the argument put forward so far. F irs t , we are not 
assuming that m e m o r i z i n g o f state transit ions is the only learning process relevant to 
process -contro l tasks. T h i s wou ld certainly be an oversimpli f icat ion. For instance, s u b ­
jects m ight use s imple heuristics or mental mode l s ( M a t h e w s et a]., 1989; Stanley et al., 
1989) for mak ing interventions. W e will consider this in greater detail in the discussion 
section (see also B u c h n e r & Funke , 1993). A second and related po int is that the above 
predict ions shou ld ho ld true only for a specific stage o f experience with the system. 
Cons ider , for instance, a person with only min ima l experience with the task, or a person 
who learns very little, for whatever reason. W e wou ld expect this subject to show both 
very low contro l per formance and also low per formance on the post-task questionnaire. In 
contrast , a person w h o learns relatively fast a n d / o r a person with extended experience 
might eventual ly learn a rule comparable to the equation normal l y used to communicate 
the sugar factory's sys tem behaviour. A s a result , this subject will be able to calculate the 
correct answers for the post-task quest ions as well as show very good control per formance 
(see Sanderson , 1989). W i t h these subjects, the two per formance measures shou ld corre l ­
ate positively. It is between these extremes that we expect the specific pattern o f corre la ­
t ions between the n u m b e r o f d i f ferent state transitions on the one side and contro l 
per formance as well as quest ionnaire scores on the other, the latter two o f wh ich shou ld 
be correlated negatively. 

T o test our assumpt ions about the effects o f the experienced state transitions, we 
per formed a first exper iment to replicate the results o f Berry and Broadbent ' s (1984) 
Exper imen t 1. T w o predict ions fo l low f rom the above considerations: (1) W e shou ld be 
able to find a negative correlation between task per formance and the number o f dif ferent 
states exper ienced d u r i n g the interaction with the system because " g o o d contro l lers" 
shou ld experience fewer di f ferent state transit ions and "bad contro l lers" shou ld exper i ­
ence a greater number o f d i f ferent state transitions. (2) T h e number o f dif ferent states 
exper ienced shou ld correlate posit ively wi th the number o f quest ions answered correct ly 
in the post - task quest ionnaire because these quest ions represent samples f rom the state 
transit ion matr ix . 

EXPERIMENT 1 

Method 

Subjects 

Subjects were 38 (24 female and 14 male) University o f Bonn students aged 18 to 45 years 
(median = 23) w h o either volunteered or participated in the experiment for course credit. T h e 
number of subjects was chosen because a priori power considerations showed that under the 
assumption of a = f5 = 0.05, "large effects" (see e.g. Cohen, 1988) in correlations can be detected 
with the given sample size (Buchner, Faul , & Erdfelder, 1992), T h u s , a was set to 0.05 for all 
subsequent analyses, and individual ^-values will be omitted. 
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Materials 

The Control Task. T h e control task corresponded closely to the original sugar factory, except 
that subjects d id not use the keyboard to make inputs but the computer mouse. T h e display o f the 
sugar factory is illustrated in F igure 1. Subjects clicked the " + " button to increase the work force by 
one step, and the " - " button to decrease it. T h e y clicked " O K " when they were satisfied with their 
choice and then observed the consequences o f their intervention. Both a numerical display o f (He last 
sugar product ion and a graph displaying the sugar output during the past interactions o f the current 
block were presented. T h e sugar factory operated as illustrated in Tab le L, O n about two-thirds o f all 
trials a " r a n d o m c o m p o n e n t " was added such that the system changed to a state one above or below 
the correct state. T h e same sequence of random deviations from the deterministic model o f the sugar 
factory was used for every subject. A s in Berry and Broadbcnt (1984), States 8, 9, and 10 (corre­
sponding to a sugar output o f 8000, 9000, or 10,000 tons, respectively) were counted as being on 
target. 

The Questionnaire. T h e post-task questionnaire was different f rom that used in the Berry and 
Broadbent study in the fol lowing ways: (1) W e increased the number o f questions that probed for 
state transitions to 12 (fi "s imple transit ions" and 6 "transition sequences" , see further on). 
(2) We changed the response format for these multiple-choice questions such that all 12 possible 
system states were presented as response alternatives. A n answer was scored as correct when the state 
selected as the response was either the correct state under the deterministic model or a neighbouring 

Oueruieui of sugar production 
1 2 0 0 0 
1 1 0 0 0 
1 0 0 O 0 

9 0 0 0 ;!; W 
8 0 0 0 
7 0 0 0 
6 0 0 0 
5 0 0 0 
4 0 0 0 
3 0 0 0 
2 0 0 0 
1 0 0 0 

Current workforce Current production 

688 |* 6000 t 

0K ) Goal: 9000 t 

FIG. 1. Screen display of the sugar factory. Subjects increased or decreased the work force by clicking with the 
mouse on the " + " and " — ™ buttons, respectively. Clicking " O K " initiated the next trial. The resulting next state 
was displayed graphically b j a black square in the trials graph and numerically under "current production". 
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state. Scoring was thus identical for the control task and the questionnaire. (3) A further change 
concerned the initial work-force value, which was omitted for the six "s imple transitions" questions 
that probed with a current state and an intervention for the next state. 

As in Berry and Broadbent (1984), a second set of questions was used, which will be referred to as 
"transition sequences" questions. Subjects were given a sequence of three pairs of inputs and 
outputs, in both graphical and numerical form, designed in analogy to the sugar factory's screen 
display. Subjects were asked to make a numerical prediction about the next output given a new input. 
Th i s question format is closer to the original task than that of the "simple transitions" questions and 
may thus provide a better " c u e " to task-relevant knowledge. However, the transitions also contain 
system information that might perhaps be used by some subjects to modify their knowledge about the 
task during test. It seemed important, therefore, to compare performance in the "s imple transitions" 
and "transition sequences" questions. T h e transitions addressed by the post-task questions are 
illustrated in the Appendix . 

Procedure 

T h e experiment was run on Apple M a c i n t o s h ™ S E microcomputers. Subjects were tested 
individually. Subjects' task was to interact with the system and to try to reach the target state 
(9000 tons o f sugar output) as often as possible. Subjects had two blocks of 30 trials each to 
accomplish the task. T h e y were not aware of the scoring scheme according to which outputs of 
8000, 9000, and 10,000 tons of sugar were accepted as being on target. 

T h e initial output was 6000 tons, and one "pr ior " intervention (600 work force) was initially 
visible on the screen. At this point, the post-task questionnaire was not mentioned. After the final 
intervention in the first block of 30 trials (Block 1) subjects were told that they had an additional block 
of 30 trials to reach the target (Block 2), 

Subsequently, subjects were given the questionnaire to complete. It was stressed that they should 
apply what they had learned about the system. T h e y were first given the 6 "s imple transitions" 
questions. U p o n completion o f these questions they returned the questionnaire to the experimenter 
and received the questionnaire containing the 6 "transition sequences" questions. 

Results 

F o r B l o c k 1, t h e s c o r e s f o r t h e n u m b e r o f t r i a l s o n t a r g e t r a n g e d f r o m 1 t o 16 , w i t h a m e a n 
o f 7 . 6 . O n B l o c k 2 , t h e s e s c o r e s r a n g e d f r o m 3 t o 19 , w i t h a m e d i a n o f 9 . 1 . T h e s e s c o r e s 

w e r e s o m e w h a t l o w e r f o r b o t h b l o c k s t h a n t h o s e r e p o r t e d b y B e r r y a n d B r o a d b e n t ( 1 9 8 4 , 
E x p e r i m e n t 1) . A l s o t h e i n c r e a s e f r o m B l o c k 1 t o B l o c k 2 w a s s m a l l e r , a n d i t f e l l s h o r t o f 

s t a t i s t i c a l s i g n i f i c a n c e , r ( 3 7 ) — — 1 . 6 0 , p > 0 . 1 2 . H o w e v e r , t h e r a n g e s b e t w e e n t h e 

e x t r e m e s s e e m c o m p a r a b l e t o t h o s e o f t h e B e r r y a n d B r o a d b e n t s t u d y . T h e n u m b e r o f 
d i f f e r e n t s t a t e t r a n s i t i o n s d u r i n g t h e c o n t r o l t r i a l s r a n g e d f r o m 9 t o 2 8 o n B l o c k 1 a n d 

f r o m 13 t o 2 8 o n B l o c k 2 . T h e m e a n s w e r e 2 0 . 6 a n d 2 0 , 1 1 f o r B l o c k 1 a n d B l o c k 2 , 
r e s p e c t i v e l y . 

F o r t h e p o s t - t a s k q u e s t i o n n a i r e s , t h e m e a n s c o r e s f o r t h e " s i m p l e t r a n s i t i o n s " a n d f o r 

t h e " t r a n s i t i o n s e q u e n c e s " w e r e 2 , 3 9 a n d 2 . 6 1 , r e s p e c t i v e l y . T h e s e w e r e n o t s i g n i f i c a n t l y 

d i f f e r e n t ( / < 1). T h e h y p o t h e s i s t h a t s u b j e c t s m i g h t l e a r n f r o m t h e i n f o r m a t i o n c o n t a i n e d 
i n t h e " t r a n s i t i o n s e q u e n c e s " q u e s t i o n s w a s t h u s r e j e c t e d , a n d t h e s c o r e s f o r b o t h t y p e s o f 
q u e s t i o n s w e r e c o m b i n e d f o r f u r t h e r a n a l y s e s . 
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O f central interest was the pattern o f correlations between the number of dif ferent 
state transitions, the number o f trials on target, and the quest ionnaire scores. A s all 
hypotheses specified the direct ion o f the correlations, one- ta i led tests were used for 
statistical evaluation. 

For B lock 1, the Spearman rank correlat ion2 between the number o f d i f ferent state 
transit ions and the trials on target was —0.03. T h e correlat ion between the number o f 
d i f ferent state transit ions and the quest ionnaire scores was 0.28. T h e second, but not the 
first, correlat ion was signif icant, ((36) = 1.75. T h e correlation between the trials on target 
and the final quest ionnaire scores was not signif icantly dif ferent f rom 0, r = 0.01. 

For B lock 2, we f o u n d a signif icantly negative correlation between the number o f 
d i f ferent state transit ions and the trials on target, r — —0.40, f(36) = —2.62. T h e 
correlation between the number o f d i f ferent state transitions and the quest ionnaire 
scores was signif icantly posit ive, r = 0.37, ((36) = 2,39. T h e correlation between the 
trials on target and the quest ionnaire scores was negative, r = —0.10, but not signif icantly 
below 0. 

We further analysed whether subjects were better at post-task quest ions prob ing for 
states they had explored than for other questions. For each subject , we analysed the 
correct and incorrect answers to the quest ions to see whether the corresponding system 
states had been explored. T h e cont ingencies col lapsed across all subjects are shown in 
Tab le 2. A predict ion analysis (H i ldebrand , L a i n g , & Rosenthal , 1977) con f i rmed that 
there is a tendency for subjects to be better at answering questions about transit ions they 
had exper ienced and vice versa. T h i s tendency is statistically significant, V = 0.11, z = 
2.09. 

Interestingly, subjects w h o exper ienced more dif ferent states also took longer to 
complete an ind iv idual trial, r — 0.34, ((36) = 2.17, for B lock 1, and r = 0.44, i{36) = 
2.94, for B lock 2. In contrast , the t ime to complete a trial d id not correlate signif icantly 
with the number o f trials on target, r = 0.03 for B lock 1, and r ~ —0.09 for B lock 2. 
T h u s , subjects w h o were exposed dur ing their interaction with the system to a greater 
diversity o f state transit ions also seem to have taken longer to contemplate this 
in format ion . Sub jec ts ' contro l behaviour , however, d id not covary with the t ime taken 
for the average trial. 

Discussion 
W e f o u n d the predicted pattern o f correlat ions between the number o f di f ferent state 
transit ions, and the trials on target as well as the quest ionnaire scores. T h e s e findings 
indicate that the better subjects are at contro l l ing the system, the less they experience 
about it in terms o f di f ferent state transitions. In contrast, subjects who, dur ing their 
attempts to contro l the system, expose themselves to a larger diversity o f state transit ions, 
acquire m o r e knowledge, wh ich they can later report on the questionnaire. However , due 
to the variable pattern o f interacting wi th the system, they also score lower on the trials-
on-target criterion. 

Spearman rank correlations were computed for greater comparability with the original study of Berry and 
Broadbent (1984). However, Pearson correlation coefficients yielded basically identical results. 
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TABLE 2 
N u m b e r of Quest ions A n s w e r e d Correctly and 

Incorrectly in Exper iment 1 

Answer) to Past-task Questions 

Incorrect Correct 

States not explored 231 (220) 146 (157) 
States explored 35 (46) 44 (33) 

Note: Expected counts are given in parentheses. 

T h e negative correlation between task per formance and quest ionnaire scores was not 
statistically significant. Similarly, Berry and Broadbent (1984) observed that a l though 9 
out o f 10 correlat ions between contro l per formance and quest ionnaire scores across 
di f ferent exper imenta l condi t ions were negative, on ly one o f these and the average across 
all 10 correlat ions was signif icantly be low zero. O n e possible reason for this finding is that 
the subject samples were heterogeneous in their course o f learning. (For another example 
o f the impor tance o f dif ferent courses o f learning in interaction with a very similar 
system, see G r e e n & Shanks , 1993.) A s ment ioned before, the specific pattern of a 
negative correlat ion between contro l per formance and questionnaire scores is not 
expected for subjects w h o learn comparat ively fast, or for those who , for some reason, 
learn and k n o w very little about the task. O n l y for subjects between these states d o we 
expect the pattern o f correlations specified above. 

Mixture Distribution Analysis of Latent Subgroups 

Inspect ion o f the raw data suppor ted the assumpt ion that there was a smal l number o f 
subjects w h o showed both very good contro l behaviour on Block 2 and very h igh scores 
on the quest ionnaire. In addi t ion, there appeared to be another small subset that showed 
rather low per formance on both exper imental tasks. There fore , we per formed a mix ture 
d is tr ibut ion analysis on the scattergram o f the trials on target and the quest ionnaire data. 
M o r e precisely, we per formed a latent moderator variable analysis (Erdfelder, 1988, 1990) 
wh ich postulates that a given sample consists o f several subpopulat ions or " latent 
classes". T h e s e latent classes can be conceived o f as being the levels o f a discrete latent 
moderator variable Z . T h e means, the standard deviat ions, and the relation between two 
variables X and Y m a y then depend on the level o f Z (i.e. on the latent class). In our case, 
variable X refers to the quest ionnaire scores, and variable Y refers to the trials on target. 
A s s u m i n g that Z has k levels z-, with j= 1 , . . . , k, the probabil i ty density / o f the sample 
data X = x and Y = y results f r om the s u m o f the local probabi l i ty densit ies wi th in latent 
classes weighted b y the sizes o f the latent classes: 

J{X=x,Y = y) = X N V (X = x, Y = y | Z = «,) * p ( Z = *,) 2 
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T h e term N V {X — x, Y — y \ Z — zt) denotes the bivariate norma l density funct ion 
wi th in the jth latent class. No te that this analysis has most ly heuristic value in the present 
context because the assumpt ion o f a bivariate normal distr ibut ion o f the variables X and 
Y in each o f the hypothes ized latent subclasses m a y not be reasonable, due to the 
"d i s c re te " nature o f these variables. However , one m a y regard this assumpt ion as an 
approx imat ion to the true state o f affairs. U s i n g the L M A program (Erdfe lder , .4989) , 
we fitted separate mode l s wi th four, three, and two classes to the data. M e a n s ( | i x and | ly ) , 
standard deviat ions (Ox and O y ) , and correlat ions (rXY) within each class were free 
parameters, as were the latent class proport ions , p ( Z = No te that the latent class 
analysis searches for parameter values that max im i ze the l ikel ihood o f the sample data for 
a given mode l (i.e. for the assumpt ion o f k d is junct and exhaust ive subclasses). It does not 
max im i ze any o f the free parameters. L M A uses the E M - a l g o r i t h m (Dempster , La i rd , & 
R u b i n , 1977) to estimate these parameters o f the local (class-specif ic) bivariate normal 
d is tr ibut ion. O n l y the mode l with two subclasses y ielded a stable fit to the data. T h e 
analysis y ie lded for each indiv idual the probabi l i ty o f be longing into each o f the (in the 
present case: two) latent subclasses. Subjects were classified accordingly. F igure 2 i l lus­
trates the results o f the latent moderator variable analysis and the classification. A total o f 
10 subjects fell into Class 1; the remain ing 28 subjects fell into Class 2. 

O u r theoretical considerat ions and the empirical est imations o f the latent moderator 
variable analysis appear to correspond quite well. T h e analysis separated the sample into 
two dist inct groups. T h e first g roup contained al) subjects that can be considered to 
represent the ex treme states of either no learning or very good learning on the task for 
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FIG. 2. (a) Distribution of subjects classified according to their control performance and their questionnaire 
scores into Class 1 (open circles) and Class 2 (filled squares) using a latent moderator variable analysis. The 
larger the symbols, the more subjects share one data point. The ellipses are centred on the sample means of both 
variables assuming a normal bivariate distribution of the data, (b) Same distribution as in the left part of the 
figure. The size of the symbols indicates the number of different state transitions experienced by each individual 
subject for Class 1 (open circles) and Class 2 (filled squares). 
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w h i c h both control per formance and quest ionnaire scores were very low or very h igh, 
respectively. T h e second g roup consisted o f subjects ranging between these extremes. 
T h e latter group o f subjects should exhibit a negative correlation between contro l 
per formance and quest ionnaire scores. M o r e importantly, on ly for these subjects d o we 
expect a negative correlation between the n u m b e r o f dif ferent state transitions and the 
trials on target, and a posit ive correlation between the number o f dif ferent state 
transit ions and the quest ionnaire scores. 

W e per formed two separate re-analyses to evaluate the critical correlational pattern 
wi th in each subgroup. For Class 2 the correlat ion between contro l per formance and 
quest ionnaire scores was signif icantly negative, r — —0.73, / (26) = —5.45. M u c h more 
interestingly, we f o u n d in Class 2 a significant negative correlat ion between the number o f 
d i f ferent state transit ions and control per formance, r = —0.67, f(26) = —4.60, and a 
significant posit ive correlation between the number o f dif ferent state transit ions and the 
post - task quest ionnaire scores, r — 0.64, / (26) — 4.25. Bo th correlat ions are higher than 
the correlat ions f o u n d for the entire sample. T h i s is particularly important because the 
crucial variable for our argument , the n u m b e r o f d i f ferent state transit ions, was not a 
parameter in the latent moderator variable analysis. It is related to the remain ing variables 
in a theoretically mean ingfu l way, and this relation is con f i rmed by the analysis. 

In contrast , for Class 1 neither the correlat ion between the number o f dif ferent state 
transit ions and task per formance nor the correlation between the number o f d i f ferent 
state transit ions and the post - task scores was significantly dif ferent f rom 0 , t = 0.09 and 
r = 0.10, respectively, and the correlat ion between both per formance measures was 
signif icantly posit ive, r — 0 .61, f(8) = 2.18. 

In summary , the findings f r o m Exper imen t 1 show that subjects ' experiences wi th the 
system determine , in part, what is learned and, hence, what shows up in per formance 
measures. A negative correlation between control per formance and verbalizable k n o w ­
ledge m a y result because good control lers learn less about the transit ions relevant to the 
post - task quest ions. However , this finding mus t be qualif ied in that the hypothes ized 
pattern o f correlat ions is present on l y for subjects in an intermediate state of learning 
about the system. T h e latter assumpt ion is bolstered by the fact that for B lock 1 the 
pattern was not observed. A t this stage, presumably, most i f not all subjects knew very 
little about the system. 

E x p e r i m e n t 2 was designed to replicate and extend the findings f rom Exper imen t 1. 
T h r e e d i f ferent target states were used to see whether the results were inf luenced b y the 
particular target state used. In addi t ion, we used the three di f ferent target states to 
explore empir ical ly the effect o f manipulat ing how m u c h o f the state transition matr ix 
subjects explore. O n e g roup o f subjects, henceforth referred to as the variable group, had 
to reach a di f ferent target state on every new block o f trials. In contrast, for the constant 
group, the target state remained the same. Across all blocks o f trials, the variable group 
shou ld experience more di f ferent state transit ions than the constant group. I f what 
subjects can report on the post - task quest ionnaire is a m o n o t o n e funct ion o f the diversity 
o f the learning experience (in terms o f the number o f dif ferent state transitions exper i ­
enced) , then the variable group shou ld score higher on the post-task questionnaire. 
Further , in this case the critical pattern o f correlat ions shou ld be more pronounced for 
the variable g roup than for the constant group. 
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EXPERIMENT 2 

Method 

Subjects 

Subjects were 81 (57 female and 24 male) University of Bonn students aged 19 to 82 yeare (with a 
median of 22 years) who either volunteered or participated in the experiment for course credit. G iven 
this sample size and a = (3 = O.OS, "large effects" (see e.g. Cohen, 1988) can be detected (1) between 
the two experimental groups (the variable group, 40 subjects, and the constant group, 41 subjects) 
and (2) in correlations within each experimental group (Buchner et al., 1992). T h u s , a was set to 0.05 
for all subsequent analyses, and individual ^-values will be omitted. 

Materials 

The Control Task. T h e control task was identical to that in Experiment 1, except that three 
different target states were defined instead of only one. T h e target states were 3, 7, and 10 (see Table 
1), corresponding to a sugar output of 3000, 7000, and 10,000 tons. T h e scoring proceeded as in 
Experiment 1. For instance, if the goal was to produce 3000 tons of sugar, a sugar output o f 2000, 
3000, and 4000 tons was scored as being on target. T h e constant group subjects were instructed to 
reach the same target state in each o f three blocks of 20 trials. Excluding two subjects with incomplete 
answers to the questionnaire, 13 subjects were assigned to each of target states 3, 7, and 10. T h e 40 
subjects in the variable group were assigned to a new target state from the same set of three states for 
each block. Six or seven subjects experienced each of the possible orders of target states. 

The Queuionnatre. T h e post-task questionnaire was identical to that used in Experiment 1, 
except that it was composed of 24 instead of 12 items, all of which were presented in the format 
of "transition sequences" questions (see Appendix) . 

Procedure 

T h e procedure was identical to the one described for Experiment 1, except that subjects had 
available three blocks of 20 trials each to accomplish the task. In addition, subjects in the variable 
group were told that the target states would be different on each block of trials. 

Results 
T h e r e w a s n o s i g n i f i c a n t m a i n e f f e c t of" t h e se t o f t a r g e t s tares o n a n y o f t h e d e p e n d e n t 

m e a s u r e s u s e d , a n d n o s i g n i f i c a n t i n t e r a c t i o n w i t h a n y o t h e T i n d e p e n d e n t v a r i a b l e s . T h u s , 
f o r c l a r i t y o f p r e s e n t a t i o n t h i s v a r i a b l e h a s b e e n o m i t t e d f r o m all s u b s e q u e n t a n a l y s e s . 

T h e n u m b e r o f d i f f e r e n t s t a t e t r a n s i t i o n s e n c o u n t e r e d w a s a n a l y s e d t o e v a l u a t e t h e 
e f f e c t o f v a r y i n g t h e n u m b e r o f t a r g e t s t a t e s e x p e r i e n c e d . A s e x p e c t e d , a s i g n i f i c a n t 

d i f f e r e n c e b e t w e e n t h e v a r i a b l e a n d c o n s t a n t g r o u p s w a s f o u n d w i t h r e s p e c t t o t h e t o t a l 

n u m b e r o f d i f f e r e n t s t a t e t r a n s i t i o n s a c c u m u l a t e d o v e r a l l t h r e e t r i a l b l o c k s , / ( 7 8 ) = — 6 . 2 4 

( s e e T a b l e 3 ) . 
T h e a v e r a g e n u m b e r o f t a r g e t s t a t e s r e a c h e d d u r i n g t h e t h r e e b l o c k s o f t r i a l s i s a l s o 

s h o w n i n T a b l e 3 . A 2 X 3 M A N O V A , w i t h t y p e o f t a r g e t s ta te ( c o n s t a n t v s . v a r i a b l e ) as 
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TABLE 3 
Performance Scores for Number of Trials on Target, Number of Correct A n s w e r s 
on the Post-task Questionnaire, and Total Number of Different State Transitions 

Experienced during Sys tem Control 

Trials on Target 
Correct Different 

Block I Block 2 Block 3 Answers Transitions 

Constant 
4.82 (3.07) 6.56 (3.56) 7.82 (2.97) 9.74 (2.09) 31.10 (7.6) 

group 
Variable 

group 4.05 (2.18) 6.43 (3.62) 6.30 (3.38) 8.18 (2.33) 39.50 (3.72) 

Note: Standard deviations are given in parentheses. 

be tween - sub jec t s variable and trial b lock (1, 2 and 3) as w i th in - sub j ec t s variable, revealed 
o n l y a s igni f icant ef fect o f trial b lock , F{2, 76) = 18.15. A l t h o u g h at a descr ipt ive level it 
appears that the constant g r o u p reached m o r e target states than d id the variable group , 
th is d i f ference jus t fell shor t o f statistical s ignif icance, F(\,ll) <= 3 . 2 0 , p = 0 .08 , and the 
T y p e o f Ta rge t State X T r i a l B lock interact ion was also n o t s ignif icant, F < 1. However , 
l imi t ing the analys is t o B l o c k 3 as the final stage o f the learning process in the present 
e x p e r i m e n t , a two- ta i led / - test y ie lded a s igni f icant advantage o f the constant g r o u p over 
the variable g roup , f (77) = 2.16. T h e r e was also a s igni f icant d i f ference between constant 
and variable g r o u p w i th respect to the n u m b e r o f post - task quest ions answered correct ly , 
f (78) — 3.15, wi th the variable g r o u p actually answer ing fewer ques t ions than the constant 
g r o u p {see T a b l e 3). T h i s result was not expected . 

L o o k i n g n o w at the correlat ions i n v o l v i n g the p e r f o r m a n c e measures , the variables o f 
interest are (1) the n u m b e r o f d i f ferent state transit ions accumula ted across B l ocks 1 to 3, 
wh ich represents the ent ire sys tem i n f o r m a t i o n encountered b y a sub ject , (2) the n u m b e r 
o f trials o n target in B lock 3, and (3) the n u m b e r o f final post - task ques t ions answered 
correct ly i m m e d i a t e l y after c o m p l e t i o n o f B lock 3 (see T a b l e 4). 

TABLE 4 
Correlations between Number o f Different State Transitions, Number o f Trials on Target, and 

Number o f Correct A n s w e r s on the Post-task Questionnaire 

Number of Different State Transition! 

Correct Blocks 1-3 
Answers Combined Block 1 Block 2 Block 3 

Constant group Trials on target - 0 .21 f -0 .47*+ -0 .01 - 0 .55* -0 .59* 
Correct answers 0.33* 0.03 0.19 0.15 

Variable group Trials on target 0.00* - 0 . 2 0 t -0 .03 -0 .45* -0 .30* 
Correct answers - 0 .22 -0 .28* -0 .39* -0 .19 

*p < 0,05, one-tailed. 
* Number of trials on target in Block 3 was entered to compute these correlations. 
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For the constant group, the correlation between the overall number o f d i f ferent state 
transit ions and the trials on target was again significantly negative. T h e correlation 
between the number o f d i f ferent state transitions and the questionnaire scores was 
signif icantly posit ive, and, the correlation between the trials on target in B lock 3 and 
the quest ionnaire score was negative. A l t h o u g h the latter correlation was larger than in 
Exper imen t 1, it was again not statistically significant. , . 

T h e results for the variable group were quite di f ferent. (1) T h e correlation between the 
overal l n u m b e r o f dif ferent state transitions and the trials on target was negative but not 
signif icantly di f ferent f r om 0. No te , however , that for B locks 2 and 3 the correlation 
between the number o f d i f ferent state transit ions experienced within each block and 
the number o f trials on target was signif icantly negative, (2) T h e correlation between 
the overall n u m b e r o f d i f ferent state transit ions and the questionnaire scores was negative 
but not signif icantly di f ferent f r om 0 (wi th in B locks 1 and 2, the negative correlation was 
significantly di f ferent f r om 0), and (3) the correlation between the number o f trials on 
target in B lock 3 and the quest ionnaire score was zero. 

W e per fo rmed latent class analyses, fitting separate mode ls with four, three, and two 
classes to the contro l per formance and quest ionnaire data for both groups separately. 
N o n e o f these mode l s fitted the data, suggesting that the two groups o f Exper iment 2 
were not as heterogeneous as those o f Exper iment 1 (see F igure 3). 

A s in Exper imen t 1, we analysed whether subjects were better at post-task quest ions 
prob ing for states they had explored dur ing their control trials than for other questions. 
T h e relevant data are shown in Tab le S. A predict ion analysis con f i rmed that, for the 
constant group, there is a statistically significant tendency for subjects to be better at 
answering quest ions about transit ions they had experienced and vice versa, V — 0.07, z = 
2.07. In contrast , the variable group showed the reverse pa t te rn—namely , a tendency to 
answer fewer quest ions about transit ions they had experienced before than expected, V — 

5 10 
Questionnaire scores 

5 10 
Questionnaire scores 

(a) (b) 

FIG. 3. Distribution of subjects of (a) the constant group and (b) the variable group. The size of the symbols 
indicates the number of different state transitions experienced by each individual subject. 
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TABLE 5 
N u m b e r of Quest ions A n s w e r e d Correctly and 

Incorrectly in Exper iment 2 

Answers to Past-task Questions 

Incorrttt Correct 

Constant group 
States not explored 428 (412) 266 (282) 
States explored 128 (144) 114 (98) 

Variable group 
States not explored 392 (415) 238 (215) 
States explored 241 (218) 89 (112) 

Nate: Expected counts are given in parentheses. 

—0.11, z — —3.04. T h i s finding m igh t seem surpris ing at first, but it has a very inter ­
esting basis. O u r sample o f state transit ion quest ions (see A p p e n d i x ) contained three 
i tems that probed with an extreme intervent ion (1 or 12). T h e s e quest ions can be said 
to cover the " b o u n d a r y c o n d i t i o n s " o f the system because the correct next state is s imply 
the smallest or largest possible state {1 or 12), whatever the preceding state. A s it turns 
out , the average proportions o f " b o u n d a r y c o n d i t i o n " quest ions answered correctly relat­
ive to all correct answers b y the variable group was m u c h larger than that for the constant 
group: (0.29 vs. 0.40, f(76) = 2.90). T h u s , the variable subjects remembered m u c h less 
about state transit ions, bu t they knew the system boundar ies relatively well. K n o w i n g the 
boundar ies impl ies that the next state can be determined by an extremely s imple rule, so 
these subjects cou ld answer many quest ions about transit ions they had never seen, 
compared to the constant subjects. 

Discussion 

T h e constant g roup basically replicated the findings f rom Exper imen t 1. T h e correlat ions 
invo lv ing the n u m b e r o f d i f ferent state transit ions were o f comparable sizes in both 
exper iments (r = —0.40 and r = —0.47 for trials on target in Exper iment s 1 and 2, 
respectively; t — 0 .37 and r — 0.33 for the quest ionnaire scores in Exper iments 1 and 2, 
respectively) , and the correlat ion between the n u m b e r o f trials on target and the ques ­
t ionnaire scores was negative (r = —0.10 and r = —0,21 for Exper imen t 1 and 2, 
respectively) . However , the latter correlations were not signif icantly be low 0, wh ich 
raises the quest ion as to whether the present exper iments are true replications o f the 
original Berry and Broadbent (1984) study. W e are nevertheless conf ident that the present 
exper iments are successful conceptual replications o f the original s tudy for at least two 
reasons: ( ! ) T h e signs o f the correlat ions between contro l per formance and quest ionnaire 
scores were in the proper direct ion in both experiments. (2) Berry and Broadbent (1984) 
based their conc lus ion o f an inverse relat ionship between contro l per formance and 
quest ionnaire scores on an overall negative correlation obtained b y averaging together 
10 correlat ion coeff icients f r om a number o f d i f ferent treatments. T h e s e correlation 
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coefficients varied considerably (ranging from 0.21 to —0.80, wi th an average of 
—0.31) , and the present correlat ions seem well wi th in that range. 

T h e results for the variable g roup contradict our expectations. We had hypothes ized 
that the chances to learn about the system and to report that knowledge on the post - task 
quest ionnaire wou ld increase monoton ica l l y as a funct ion o f the number o f state transi ­
t ions to be explored. Instead, the requirement to reach a di f ferent target state cm every 
block appears to have made the entire task m u c h more diff icult . T h i s explanat ion is 
suppor ted b y the fact that the variable g roup was worse than the constant g roup at 
both contro l per formance and quest ionnaire scores {see Tab le 3). It seems plausible to 
assume that, in contrast to the constant group, the variable g roup subjects had to explore 
too many single transit ions to m e m o r i z e t h e m effectively and use this knowledge later for 
answering the post - task questions. In line wi th this assumpt ion , we find consistent 
negative correlat ions between the number o f d i f ferent state transit ions on the three trial 
blocks and the quest ionnaire scores for this group. T h u s , extending the compar ison 
between the constant and the variable groups, subjects wi th in the variable group w h o 
were led to exper ience a particularly large number o f dif ferent state transitions acquired 
even less knowledge appropriate for answering the post - task questions. T h e variable 
group, therefore, shows that knowledge reported on the post - task questionnaire is not 
a m o n o t o n i c funct ion o f the diversity o f sys tem experience, and it prov ides further 
in format ion about l imit ing cond i t ions under w h i c h the critical correlational pattern is 
not f ound . F u r t h e r m o r e , the variable g roup also demonstrates why the learning o f state 
t rans i t i ons—al though it m a y be important in expla in ing the negative correlations between 
contro l per formance and quest ionnaire scores—is certainly not the only learning process 
involved in the present task. T h e s e subjects weTe relatively good at answering post-task 
quest ions that probed for the system's " b o u n d a r y c o n d i t i o n s " , but with states subjects 
had not exper ienced before. M o s t probably, these quest ions were answered on the basis o f 
a s imple ru le that was induced dur ing subjects ' exploratory experiences wi th these 
" b o u n d a r y c o n d i t i o n s " ( " g i v e n the largest or smallest possible intervent ion, the largest 
or smallest possible state will result, respect ive ly") . 

GENERAL DISCUSSION 
O u r present results suggest that one need not assume antagonistic explicit and impl ic i t 
learning processes (e.g. Hayes & Broadbent , 1988) to explain the inverse relat ionship 
between the number o f trials on target and the quest ionnaire scores. (See also the 
conc lus ion reached by G r e e n & Shanks , 1993.) Rather, as has been demonstrated , this 
"d i s soc ia t i on" between task per formance and verbalizable knowledge can result because 
of di f ferences in subjects ' experiences w h e n interacting with the system. M o s t subjects 
wi th m a n y trials on target have restricted experiences wi th the system. In contrast, 
subjects w h o are poor at contro l l ing the system tend to collect experiences with a larger 
diversity o f d i f ferent state transitions. A s a consequence, they are better at answering the 
post - task quest ions that probe for ind iv idual state transitions. No te that the present 
results bear on l y on the conc lus ions drawn f r o m negative correlations between control 
per formance and verbalizable knowledge. T h e r e is other ev idence for dissociations in 
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process control tasks on wh ich our present findings have no bearing (e.g. Ber ry & 
Broadbent , 1987, 1988; Broadbent et al., 1986). 

O u r assumpt ion was that post-task quest ions can be answered o n the basis o f what can 
be remembered about state transit ions whi le interacting with the system (see also 
Marescaux et al., 1989). O n e way this knowledge may be ut i l ized is that certain state 
transit ions are s imp ly recognized on the questionnaire. Indeed, we observed a , tendency 
for subjects to be better at answering post-task quest ions i f the corresponding state 
transit ions had been explored before than i f they had not. However , subjects were also 
able to answer quest ions about states they had never explored. T h i s can be explained i f 
one assumes that state transit ion quest ions can be answered on the basis o f "s imi lar i ty 
m a t c h e s " — t h a t is, based on compar isons with similar remembered instances (Brooks , 
1987; J acoby & Brooks , 1984). In either case the diversity o f the learning experience will 
de termine per formance on the questionnaire, and the diversity o f the learning experience 
shou ld , as observed, be inversely related to the observed control per formance. 

T h e present exper iments also elucidate some o f the l imit ing condi t ions for this critical 
pattern o f correlations. In Exper iment 1, a latent moderator variable analysis conf i rmed 
our assumpt ion that even i f there exists a negative relation between contro l performance 
and quest ionnaire scores in a given sample o f subjects, there m a y nevertheless be a subset 
o f subjects for wh ich this relat ionship does no t ho ld . Basically, subjects w h o learn noth ing 
while interacting with the system and subjects who learn bo th how to control the system 
and h o w to answer the quest ions cou ld be separated f r o m a major i ty o f the sample ( 7 5 % 
o f the subjects) for w h o m the hypothes ized pattern o f correlations was even more 
p ronounced than for the entire sample. 

F u r t h e r m o r e , the variable g roup in Exper imen t 2 showed that when the number o f 
dif ferent state transit ions explored is increased by varying the target state between blocks 
o f trials, then the inf luence o f the diversity o f system experience on the quest ionnaire 
scores m a y b e c o m e detr imental while the negative relation between the diversity o f 
system experience and contro l per formance persists. A s s u m i n g that the m e m o r y trace 
represent ing a particular state transition is strengthened each t ime the transition is 
exper ienced, and assuming further that the trace strength must exceed a certain thresh ­
old before the transit ion can be retrieved, it is relatively easy to see that an increase in the 
n u m b e r o f d i f ferent state transit ions b e y o n d a certain level may actually reduce the 
probabi l i ty o f retrieving certain state transit ions (e.g. for answering the post-task 
quest ionnaire) . 

How Many Learning Mechanisms? 
T h e present exper iments offer an alternative to the assumpt ion o f antagonistic learning 
mechan isms for exp la in ing the negative relation between control per formance and ques ­
t ionnaire scores, but they do not speak directly to the question o f ham many learning 
mechan isms should be assumed to explain the observed per formance effects. F r o m the 
rationale under ly ing the present research, a straightforward and certainly the most 
pars imon ious assumpt ion wou ld postulate one single learning m e c h a n i s m — n a m e l y the 
memor i z ing o f state transitions. O n each trial, a m e m o r y search is initiated based on the 
current system state and the target state as cues in order to retrieve an appropriate 
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in tervent ion or an intervent ion that belongs to a " s i m i l a r " transition (Brooks , 1987; 
J a c o b y & Brooks , 1984). A l t h o u g h Stanley et al. (1989) d id not use the term "state 
t rans i t ions" , this corresponds exactly to what these researchers have called " m e m o r y 
for past exper iences" , or "c lose analogies" , wh ich , in their theory, is assumed to be the 
major basis for generating interventions. In terms o f the Person Interaction Task used by 
Stanley et al. (1989),3 a memor i zed exemplar is "at least one prior C legg response level 
plus the learner's response and Clegg's new response leve l " (p. 571) or, in other words , an 
ou tpu t of the system at t ime (—1, an input at t ime /, and an output at t ime t. W h e n 
answering the post - task quest ions, the situation is similar: A given system state and an 
intervent ion serve as cues for the next state that has to be predicted. 

T h e first obv ious p rob lem wi th this s imple explanation is the ru le - l ike learning o f 
boundary cond i t ions that became apparent in E x p e r i m e n t 2. Fur thermore , Stanley et al. 
(1989) argue that, in addi t ion to deve lop ing m e m o r y for (lists o f ) state transit ions, subjects 
incorporate "real w o r l d " menta l mode l s into the task. Men ta l mode ls are assumed to be 
more accessible and easier to verbalize than state transit ion knowledge, which is w h y they 
shou ld be preferred for verbal reports such as the instruct ions that Stanley et al. required 
their subjects to prov ide for another group o f yoked subjects. 

A n example o f a rea l -wor ld menta l m o d e l for the Person Interaction Task wou ld be: 
" W h e n you are talking to someone and you want t h e m to be polite you should be polite to 
t h e m . . . " (Stanley et al., 1989, p. 572). T h i s is a compact heurist ic for mak ing inter ­
ventions. Interestingly, one can def ine heuristics or mode ls that have n o relation to the 
under ly ing structure o f the system as defined by the experimenter but which nevertheless 
result in reasonably successful contro l per formance. For instance, Stanley et al. (1989, 
Exper iment 3) f o u n d that prov id ing subjects wi th a s imple heuristic for mak ing inter ­
vent ions signif icantly facilitated contro l per formance . 

T h e post - task quest ionnaire used in Exper imen t 1 also contained an " o p e n q u e s t i o n " 
asking subjects to state how they went about so lv ing the contro l problem. T h e answers to 
this quest ion were so varied that it was impossible to evaluate them in any systematic way. 
However , we were able to ident i fy five out o f the 38 subjects w h o said it was important to 
keep the input at about 900 workers for an output o f 9000 tons o f sugar product ion . T o 
illustrate the uti l ity o f such heuristics, we ran a s imulat ion o f 30 intervent ion trials wi th 
5000 simulated subjects. A s in the original s tudy b y Berry and Broadbent (1984) , a 
di f ferent r a n d o m inf luence was chosen for each indiv idual subject (see also Berry, 
1991; Marescaux et al., 1989; M c G e o r g e & B u r t o n , 1989; M y e r s & Conner , 1992; Squ ire 
& Frambach , 1990; Stanley et al., 1989). For instance, one heurist ic consisted o f randomly 
choos ing between a work force o f 800, 900, or 1000. T h e idea beh ind this is that a person 
cou ld find it reasonable to emp loy a moderately, but not an extremely large, work force to 
obtain a moderate ly bu t not extremely large target output o f 9000 tons wi th in a range 
f rom 1000 to 12,000 tons. Tr ia ls on target ranged f rom 0 to 22, with a mean o f 9.76 (SD — 
3.44). A possible ref inement o f this heurist ic wou ld be consistently to emp loy a work force 
o f 900. O n e cou ld choose to d o this because a work force o f 900 matches the desired 
output o f 9000 tons in that it occupies the same ordinal posi t ion on the scale o f possible 
inputs as does the target ou tpu t value on the scale o f possible outputs . W i t h this strategy, 

This task is structurally equivalent to the sugar factory 
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trials on target ranged f rom 0 to 29, wi th a mean o f 10.34 {SD — 6.17). T h e success o f 
these rather s imple strategies that operate wi thout ever taking the system behaviour into 
account is considerable.4 

T h i s leads to an important point . I f subjects ever used such heuristics, they would not 
show up in the post-task quest ions probing for state transitions. T h i s idea is similar to 
conc lus ions drawn by Perruchet and his colleagues for grammar learn ing ,and serial 
reaction tasks (Perruchet & A m o r i m , 1992; Perruchet , Gal lego, & Savy, 1990; Perruchet 
& Pacteau, 1990). T h e s e authors have shown that dissociations between task per formance 
indicating impl ic i t processes and other measures indicating expl icit processes can be 
expla ined b y the fact that the knowledge assessed by the "exp l ic i t measures" was in 
fact irrelevant to the task performance. Similarly, in the present study, the good contro i 
per formers can be said to have learned little that is relevant to answering the post-task 
questions. Rather, subjects ' differential experiences with system state transit ions can 
explain the negative correlations between contro l per formance and quest ionnaire 
scores. There fo re , a l though no firm conclus ion can be drawn about the number o f 
learning mechan isms , the strong assumpt ion o f two antagonistic p rocesses—one being 
expl ic i t , the other being i m p l i c i t — i s certainly not necessary. T h u s , the present research 
adds to the ev idence that, before interpret ing dissociations between measures o f explicit 
and impl ic i t processes, one must make sure that the same in format ion is relevant to both 
types o f measure. 

Implicit or Explicit Learning? 
A s ment ioned in the in t roduct ion , results obtained with control tasks such as the one 
cons idered in the present paper have, in the past, been related to conclus ions drawn f rom 
observat ions in other impl ic i t learning tasks. O n e reason to be more cautious about these 
compar i sons is that the learning situation is deliberately kept incidental in typical impl ic i t 
tasks such as grammar learning, anagram solving, or serial react ion- t ime tasks. In c o n ­
trast, learning is always intentional in contro l tasks because subjects k n o w from the 
beg inn ing that they have to figure out the regularities in the system behaviour. F u r t h e r ­
more, in the per formance test used in contro l tasks, the subjects' task is to predict the 
next system state given the current state and an intervent ion, knowing that they are to 
base their predict ion on their past experiences o f the regularities o f the system behaviour. 
T h i s per formance test qualifies as a direct test o f memory . I n contrast, exper iments on 
impl ic i t tasks in wh ich learning and per formance testing are not separate (e.g. anagram 
solv ing, or serial react ion- t ime tasks) typically emp loy indirect tests o f memory . O f course, 
it wou ld be inappropriate to infer f r o m the character is t ics o f the task alone whether the 
under ly ing cognit ive processes shou ld be conceived o f as either expl icit or impl ic i t . 
However , w h e n the learning situation is intentional and the control per formance test is 
direct, as in process contro l tasks, it seems a plausible assumpt ion that explicit processes 
play a significant role. 

F r o m this perspective, the contr ibut ion o f impl ic i t processes wou ld seem to be rather 
subtle. L i ke Stanley et al. (1989; see also M a t h e w s et a!., 1989) we assumed in this paper 

4 Also note that the range of trials on target that is solely clue to the random component is very large. 
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t h a t s u b j e c t s c a n b a s e t h e i r i n t e r v e n t i o n s p r i m a r i l y o n m e m o r y f o r p a s t s t a t e t r a n s i t i o n s , 
at l ea s t u n d e r c e r t a i n c o n d i t i o n s . T h i s r e q u i r e s t h a t s u b j e c t s s e a r c h s u c c e s s f u l l y i n 

m e m o r y a n d r e t r i e v e a p a r t i c u l a r s t a t e t r a n s i t i o n as w e l l as t h e p r o p e r i n t e r v e n t i o n . I f 

t h i s explicit search f a i l s , t h e y m i g h t i n s t e a d c h o o s e t h e i n t e r v e n t i o n t h a t " f e e l s " m o s t 
familiar g i v e n a p a r t i c u l a r s y s t e m s ta te . I t i s n o w r e c e i v e d w i s d o m t h a t t h e f a m i l i a r i t y 
c o m p o n e n t c a n p l a y a r o l e i n r e c o g n i t i o n m e m o r y ( e .g . G i l l u n d & S h i f f r i n , 1 9 8 4 ; J a C o b y & 

D a l l a s , 1 9 8 1 ; J o h n s t o n , D a r k , & J a c o b y , 1 9 8 5 ; M a n d l e r , 1 9 8 0 ) . I n t h i s s e n s e , t h e n , i m p l i c i t 

i n f l u e n c e s m i g h t c o m e i n t o p l ay . O r i g i n a l l y B e r r y a n d B r o a d b e n t ( 1 9 8 8 ) a s s u m e d " t h a t i f 
s u b j e c t s a d o p t a n i m p l i c i t m o d e o f l e a r n i n g t h e y w i l l b u i l d u p i n p a r a l l e l l a r g e n u m b e r s o f 

c o n t i n g e n c i e s . . . p o s s i b l y . . . r e p r e s e n t e d as a l i s t o f p r o c e d u r e s o r as s o m e f o r m o f l o o k ­
u p t a b l e " ( p . 2 7 1 ) . I n t h e l i g h t o f t h e p r e s e n t e v i d e n c e , t h e l o o k - u p t a b l e c o n c e p t i o n c a n 

b e m a i n t a i n e d , b u t t h e u n d e r l y i n g l e a r n i n g p r o c e s s e s a r e n o l o n g e r c h a r a c t e r i z e d as b e i n g 

e x c l u s i v e l y i m p l i c i t . 
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APPENDIX 
State Transitions Probed in the Post-task Questionnaire in 

Experiment 1 and in Experiment 2 

Input Signal 

Workers 

100 200 300 400 500 600 700 800 900 1000 1100 1200 

Output Input 
Signal; Signal; 
Sugar State 1 2 3 4 S 6 7 8 9 10 11 12 

1000 1 1 3" 5 7" 9" 11 12 12 12 12 12 12 
2000 2 1 2b 4 6 Sh 10 12 12 12 12 12 12 
3000 3 3 s,,b T 9 l l h 12 12 12 12 12 
4000 4 2.,b 6" 8 10 12 12 12 12 12 
5000 5 1 5 7b 9 11" 12 12 12 12 
6000 6 1 4 6 8 10»,b 12J 12 12 12" 
70(H) 7 1 3" 5b 7 9 11 12 12 12 
8001) 8 1 2 4a,b 6" 8" 10 12 12 12 
9000 9 1 1 3 5 7 <>" 11 12 l h 12 
10,000 10 ,h , 1 1 2 4 6b 8 10' 12 12 
11.000 11 1 |h 1 1 3k 5 7 9' 11 12 
12,000 12 ib | 1 1 1 2 4b 6 8 10 12 

" Next states, Expe: 
b Next states, Expe 

lment 
imcnt 


