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In order to gain some insight in how to assist understanding and performance in
dynamic systems, participants were asked to interact with a predator-prey system on a
personal computer. Their task was to achieve equilibrium by controlling the size of the
predator population. Results were presented in line graphs in all three conditions. In
one condition pictures illustrating the population sizes was added, intended to make this
information more explicit. In a second condition pictures illustrated the prevailing
conditions in the system, to explicitly suggest conclusions to be drawn and actions to be
taken. Although this was expected to facilitate performance, the results revealed an
equally low performance in all groups. The overall success rate was 33%. This could be
explained either as failure in interpreting the line graphs and/or the pictures not being
explicit enough to assist deduction. Further research is needed to settle which was the
case.
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I ntroduction

People frequently midnterpret the behavior of dynamic systems (Senge, 1990). Not
even the smpler building blocks of dynamic sysems are wel understood (Sweeney &
Sterman, 2000). What thinking is lacking? How could understanding and performance
be enhanced?

Andyss of paticipants problem solving processes when trying to edablish
equilibrium in an ecologicd system, suggests lack of the “indirect” thinking needed for
control to be a mgor suspect of causng the low performance obtained (Jensen &
Brehmer, submitted).

The ecologicd sysem was a smple predator-prey system described by the Lotka
Volterra equations (Berryman, 1998; Boyce & DiPrima, 1997, pp. 504-505; see aso
Richardson, 1991, pp. 36-38 for a system dynamic view). A predator-prey task used by
Dorner and Preufler (1990; Dorner, 1996, pp. 144-152), served as a source of
ingpiration. Participants were informed of the parameters describing the system: the per-
capita rate of growth of the prey population in the absence of prey, the consumption rate
of the predators, the constant of converson of prey into predator offspring, and the per-
capita mortality rate of predators in absence of prey. The sysem was smulated on a
persona computer and population szes were the same a the sart of each trid. A trid
lasted 30 damulated years. The task was to find the population sizes where the system
reached equilibrium. The participants were dlowed to decide on the size of the predator
population a the beginning of each smulated year. The prey population could only be



influenced by means of the predator population. The result, population growth and/or
decline, was presented in two line graphs, one for each populaion. An unlimited
number of triads were permitted (Jensen & Brehmer, submitted).

The ecologicd sygem fulfils the minimum requirement for a closed system. It
contains two variables and two causd reations, which was proposed by Doyle and Ford
(1998, p. 18) to be the lower bound criterion for a dynamic sysem. We wanted the
smplest conceivable dynamic system, describing processes familiar to most people.
Thus, in the system rabbits produced baby rabbits, got caught and were eaten by foxes.
Foxes produced puppies and died from disease or old age. We assumed that our subjects
would understand these processes without any trouble.

Contrary to the task used by Dorner and Preuder (1990), two subtasks had to be
achieved in order to reach the solution. One was to find out how to control the prey
population by means of the predator population, which was dso the task in the Dorner
and Preuller (1990) study. The other one was to redize how the predator population
could be controlled by means of the prey populaion, when the prey could only be
affected through the predators. According to Senge (1990), the essence of systems
thinking (underdanding of dynamic sysems) lies in “seeing interrdationships rather
than linear cause-effect chains, and seeing processes of change rather than sngpshots’
(p. 73). To smply adjust the predator population to achieve control of the prey requires
no more than linear cause and effect condderations. To edtablish equilibrium, an
underganding is needed that how the predators affect the prey in turn affects the
predators themselves by causing them to starve or prosper. Therefore the requirement to
edablish equilibrium was important, snce this invedtigation focused on sysems
thinking skills. The task was dso ae of interacting with a dynamic process, rather than
aone shot static decison problem.

The first subtask is one of exerting direct control, a task which people are fairly good
a (Crossman & Coke, 1974; Moray, Lootsteen & Pgak, 1986). Mogt participants
accomplished that part, but the second subtask proved to be more of an obstacle (Jensen
& Brehmer, submitted).

Jensen and Brehmer (submitted) claimed that the rabbits-and-foxes task is smilar to
Wason's (1966, 1968) sdection task. In the sdlection task the participants are given a
conditiond rule of the form “if p then g”. One example used is the rule “ if a card has a
vowel (p) on one side, then it has an even number (q) on the other side” (Wason, 1966).
The subjects are shown four cards with a vowe (p), a consonant (not-p), an even
number (g), and an odd number (not-q), respectively, on the sides facing the subject.
The subject is asked which card(s), if any, need to be turned in order to see whether the
ruleisfollowed or violated.

The rules “if the rabbits increase then add more foxes’ and “if the rabbits decrease
then remove foxes” have the same logica form as “if p then " . The task in the Jensen
and Brehmer (submitted) study was not to investigete the truth of the expressons, but to
act according to the rules. As described earlier, the subtask to use the foxes to control
the rabbit population is farly unproblematic, but to control the fox population by means
of the rabbit population is alot more difficult.

In the rabbits-and-foxestask (Jensen & Brehmer, submitted), the participants are
denied direct access to the rabbit population. If, for example, the fox population
increases during a smulated year, a reduction of the rabbit population is required. The
births of new foxes depend on the anount of rabbits eaten, which in turn depends on the
amount of rabbits avalable To reduce the rabbit population an increese in fox



population is necessary. The rules “if the foxes decrease then remove foxes’ and “if the
foxes increase then add more foxes” surdy defy any logic, but nevertheless describe the
correct actions to take. A two-dep indirect thinking chain is required to reach an
adequate drategy. First one needs to understand that when the foxes increase, for
indance, it is because they have too much food. Second one has to picture that a
reduction in food quantity demands more foxes egting rabbits. The fox population is
indirectly controlled through the rabbit population by means of the fox population itsdlf.
When the rabbit population has been made amdler, it is time to turn back to the first
subtask. The foxes are adjusted to keep the rabbits a this new level and then the
behavior of the fox population is again observed.

The correct solution to the sdection task is to check both the p- and the not-g-card
(the vowel and the odd number). Typicdly more than 90% of the participants fal to
choose the false consequent (ot-qg) card to draw a modens tollens concluson (Evans &
Handley, 1999; Wason, 1968). For the conditiona “if p then q’, the following
ressoning is required. If it is not q then it cannot be p on the other side, because that
would falsfy the rule. Therefore, it has to be not-p on the backside of the card.

Evans and Handley (1999) identified two potentia threats to a successful solution of
conditiona inference tasks, of which the sdection task is one. Fird, a premise may be
disegarded as irrdevant. This frequently happens when implicit negations are used. If
the ruleis " if the letter is D then the number is 47, cards with explicit negations such as
not-D or not-4 are more frequently congdered than cards with implicit negations such
asF or 7. Thisiscdled the implicit negations hurdle.

There are some indications that unsuccessful subjects ignore the fox graph or focus
solely on tha graph trying to obtan a “draight ling’. Perhgps they fall to gragp the
message provided by the line grgphs. The information may be implicit in a way Smilar
to F and 7 in the sdection task example. To test this hypothess, pictures illustrating the
population sizes were added to the graph presentation. Below the rabbit graph, pictures
of smdl rabbits were presented, mimicking the rabbit population sze described by the
graph. A large rabbit population was represented by a square crowded by rabbits, and
one lonely rabbit in the square represented a smal rabbit population. There were some
levels in between these extremes too. Increases and decreases were clearly illustrated.
(For details, see the method section.) Below the fox graph were smilar squares, but
with fox figures ingtead of rabbits.

In a truth table evauation task, participants were given a conditiond rule together
with dl four logicad combingtions of minor premise and putative concluson pertaining
to the rule. The participants had to judge explicitly whether each case conformed to the
rule, contradicted it or were irrdevant. Performance was better with explicit negatives
than with implicit negaives. With the sdection task, making negations explicit resulted
in them bang more frequently consdered, but it did not result in better performance
(Evans, Clibbens & Rood, 1996).

A modens tollens inference whose conclusion is affirmative, such as “if not p then
q", would require the following reasoning. If it is not g then it cannot be not-p on the
other sde. Not not-p equas p. Therefore it has to be p on the opposte sde. An
additionad gep, the double negation not not-p equas p, has to be performed. Failure to
do so was identified by Evans and Handley (1999) as the double negation hurdle.

A double negation effect was found on an evauation task, where the content of both
sdes of the cards were given explicitly to be judged relevant or irrdevant for the rule to
be true. The effect was more pronounced when explicit negatives were used. On a



production task, where the task was to tel what must be hidden on the other side of the
card for the rule to be true or if no concluson is possble, no double negation effect was
found. Thistask issmilar to the sandard selection task (Evans & Handley, 1999).

Smply presenting the graph information in pictorid form may not be sufficient to
facilitate performance on the rabbits-and-foxes-task, just as usng explicit negatives is
not enough to eevate peformance on the sdection task. In the production task
reesoners have to mentadly congruct what is explicitly given in the evauation task.
Tasks dmilar to the sdection task probably fal to produce double negations effects
because people never get far enough in ther thinking to have the opportunity to fal a
that hurde As with implicit negaives it gopears to be a difficulty in mentaly making
explict information given implicitly. Both the sdection task and the rabbits-and-foxes-
task pose such demands. What if efforts are made to make rdevant information explicit
in the rabbits-and-foxes task in a way smilar to the evauation task used by Evans and
Handley (1999)? What in the rabbit-and-foxes task would correspond to presenting al
possble card combinations in the sdection task? Pictures integrating information about
the rabbit population and the fox population suggesting consequences of the prevalling
gtuation might fulfill a smilar purpose. To test the effectiveness of such information to
enhance performance on the rabbit-and-foxes task, pictures were constructed to describe
the actua dtuation. These were used to supplement the graph presentation. Five
pictures were created representing each of the four quadrants in the matrix below
together with the intersection - the equilibrium (figure 1).

Foxes
Rabbits Too few (<50) Toomany (>50)
Too few (<900)
Jud right
Too many (>900) |
Figurel.

When the rabbits are less then 900 there is too little food for the foxes. The foxes are
gaving and there are less foxes born than dying. There may be many or few foxes. Two
different pictures illustrate each dtuation, but the concluson following is the same in
both cases. That is, a larger rabbit population is needed because the foxes are starving.
A picture displaying a large horde of darving foxes with sparse rabbits hiding in the
bushes was used to hint that a smdler fox population would be more suitable. In the
cae with only few foxes, starving foxes was intended to indicate that even if the rabbit
population was growing it should be alowed to increase somewhat more.

When the rabbits are more than 900 and the foxes are less than 50, there is a foxes
paradise. They have plenty of food and produce a large amount of offspring. More foxes
are born than dying, but until the fox population reaches 50 the rabbit population keeps
growing too. A picture intended to indicate that the foxes had too god a time and were
too few to keep the rabbits under control was used to suggest alarger fox population.

When there are more than 900 rabbits and more than 50 foxes, there continues to be
enough food for the foxes to keep them well fed and increasing. The foxes, however, are
consuming a diminishing food resource. Since they are aundant in numbers, they are
egting more rabbits than are reproduced. This was the most difficult Stuation to
illugtrate. The rabbits are dill too many. The decrease is necessary. A reduction of the



rabbit population requires a fox population larger than 50. When the reduction is
achieved, the fox population should be cut down to 50. A picture of non-garving foxes
consuming stored rabbit resources was used to illustrate this Stuation.

Findly, to illugrae the equilibrium dtuation there was a picture with rabbits and
foxes living in harmony (see the method section).

Method

Subjects

Participants were 24 undergraduate psychology students, 12 mae and 12 femde.
Their mean age was 24 years, ranging from 19 to 42 years. Participation was voluntary
and unpad. The only reward received by the participants was a chocolate bar when the
session was completed.

Task interface

The task with its graphicd interface was developed using Borland C++Builder™
(2000, Verson 5.0). The task was run on a persond computer (PC). The interface
consged of two line graphs, one for the rabbit population and one for the fox
population (figure 2). In both graphs, the abscissa presented the years passing in the
gmulation, running from zero (start) to 30 years (end of trid). In the graph to the left on
the screen, the ordinate presented the number of exigting rabbits (ranging from O to
5000). The graph to the right presented the number of existing foxes (ranging from O to
250). The actua population Szes were presented numericaly in the upper right corner
in their respective graphs. Initia population sizes were 500 rabbits and 30 foxes.

Each trid lasted 30 years. The task for the subjects was to make the system reach its
equilibrium gate within 30 years This would lead to horizontd lines in both graphs,
after acouple of years to adjust the populations to their appropriate sizes.

Close to the fox graph, there was an editing box for changing the actuad number of
foxes to the number desred. When the participants were satisfied, they clicked a step
button close to the editing box. This made a year pass in the smulation. If al rabbits
were extinguished or the rabbit population exceeded 5000, the game was over and a
new trid began.

Equilibrium was reached when the fox populatiion remained congtant at 50, which
was the only levd a which it would ever remain congant. A rabbit population close to
900 was necessary to achieve this. It did not have to be exactly 900. That would have
been redly difficult for the participants to achieve. When the rabbit population was
gpproximately 900 and the fox population remained congtant a 50, the rabhbit population
successively approached and eventuadly reached 900, where it remained.
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Figure 2. The task interface in the control condition.

Pictorid information

Fictorid information was presented in the area below the line graphs. The editing
box and the step button were placed above the fox graph in these conditions.

Thefirst experimental condition

Pictures made up of smal rabbit and fox figures represented the population Sixes.
Below the rabhit graph were presented squares with rabbit figures.

Exiging rabbits. One (1) figure in the square represented T 400 rabbits, 3
; figures 401-800 rabhits, 5: 801-1100 rabhits, 7: 1101-2000 rabbits, 9: 2001-
3000 rabbits, 11: 3001-4000 rabbits, and 15: 4001-5000 rabbits.

%  New rabbits These figures were used as the existing rabbits figures to
b represent a growth in the rabbit population during the immediate passed
year.
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Rabbits gone: These figures were used to represent a decline in the rabbit
population during the immediate passed yesar.

Sometimes a series of squares was presented. When trends reversed during a year, it
might look like figure 3:



Figure 3.

In figure 3 the rabbits were 1000 at the heginning of the year. The rabbit population
firg increesed to 1500, then the fox population grew large enough to cause a
diminishing rabbit population. During the remainder of the year, the rabbit population
shrunk to 700. The read frame of the right-hand square indicates the Situation at present.

If there in stead were a steady increase from 1000 to 1500 rabbits, only the first
square would have been presented within a red frame. Thus, the full figure rabbits
represent the amount of rabbits at the start of the year, the rabbit heads the increase in
rabbits during the year, and together they represent the number of rabbits by the end of
the year.

Had there only been a decrease from 1500 to 700 rabbits, the last two squares would
have been presented, with the right-hand square framed red. The total number of rabbit
figures, the full figure rabbits and the crossed-over rabbits, represent the amount of
rabbits a the beginning of the year. The crossed-over rabbits represent the decrease in
rabbits during the year, and the full figure rabbits represent the remaining number of
rabbits by the end of the year. In a “result” square, the full figure rabbits were presented
again. Thiswas doneto give a clear picture of how many rabhits that actualy remained.

Bdow the fox graph were smilar squares containing fox figures.

‘5}' Exiging foxes One (1) figure in the square represented 1- 20 foxes, 3 figures
P 1? 21-40 foxes, 5: 41-60 foxes, 7. 61-100 foxes, 9: 101-150 foxes, 11: 151-200
?{;L foxes, and 15: 201-250 foxes

‘,ﬁ% New foxes Used in the same way as the corresponding rabbit figures.
43

Foxes gone: Used in the same way as the corresponding rabbit figures.

Usng these figures solely would haven given only a rough idea of the changes taking
place within the system. The following figures were added to illustrate smaler changes.

‘ﬁ‘-%f;”«'** i) A smdler increase in the population.

A smaller decrease in the population.




The left square in figure 4 beow illustrates a rabbit population growing from, for
example, 500 to 650. It is an increase, but the population remains within the 401-800
range. The square to the right shows afox population growing from 50 to 55.
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Figure 4.

A rabbit population decreasng from 1400 to 1200 would result in the square in
figure 5.

Figure5.

The second experimental condition

Pictures describing the prevailing Stuation for the rabbits and foxes were presented
below the graphs. The following five pictures were used (figure 6).

Rabbits < 900; Foxes < 50

f;fw Ij. : There are few foxes,
' There are adso few rabbits, leaving the foxes
with scarce food resources and low fertility.

Figure 6a. Pictures used in the second experimental condition.




Rabbits > 900; Foxes < 50

There ae an abundance of rabbits,
producing even more rabbits.

The exiding foxes ae duffed with rabbits
and produces large clutches of puppies.

Rabbits > 900; Foxes> 50
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There are many foxes.

They have enough food to eet, but they are
consuming diminishing resources.

The rabbit population is decreasing, but the
foxes are not garving yet.

There are many foxes.

There are few rabbits.

The foxes are starving and their reproduction
rateislow.

Equilibrium is reached!

The foxes have enough to eat to reproduce
themsdves at the same rate as they die off.
There are enough rabbits to dlow them to
reproduce a the same rate they ae
consumed by the foxes.

Figure 6b. Pictures used in the second experimental condition.

The pictures were presented in pairs. The pcture to the left, with a thin black border,
decribed the gtuation a the beginning of the year. The picture to the right on the
screen, with a thicker red border, described the Stuation at the end of the year. This

picture also described the present situation.




The sequence below (figure 7) was presented if a participant started out with a rabbit
population larger than 900 and a fox populaion below 50. The fox population grew to
be larger than 50 by the end of the year, while the rabbit populatiion were Hill above
900, though decreasing.

Figure7.

A sequence of identica pictures indicated that the sysem had remaned within the
same quadrant al year. Figure 8 illustrates a case where there were too few foxes to
prevent the rabbit population from growing (foxes < 50, rabbits > 900). Despite the
abundance of food, the fox population did not grow larger than 50 during the yesr,
leaving the rabbit population to increase even more.
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Figure 8.

Procedure

The participants were randomly split into three groups of eght; four maes and four
femaes in each group. One group received the verson with pictorid information of
population sSzes together with line graphs (the firs condition), another group received
the pictorid information describing the actud conditions for the rabbits and foxes
together with the line graphs (the second condition), and the third group received only
the line graphs (the control condition). All of the participants were tested individualy.

The participants were introduced to the interface and recelved the task description in
writing, which they were dlowed to keep during the whole sesson. In the conditions
with pictorid information, the participants also received a sheet with the pictures used
together with a description of how they were to be interpreted. The experimenter also
went through this information together with the participant before the smulation was
darted. The participants were asked to verbalize their thoughts during the sesson, and
the sesson was recorded on audiotape (with their permisson). These verbd data were
collected for purposes external to the present study.



There was no time pressure. The participants decided themselves when to let a new
year pass. There was no limit on the number of tridls. The participants were dlowed to
continue until they had learned how to accomplish the task. After 45 minutes, the
participants were dlowed to decide whether they desred to give up or wanted to
continue. If they decided to go on, they could continue for another 15 minutes. After
that they had to stop.

Throughout the experiment, the researcher remained in the room to answer direct
questions only, to decide when the participants had reached the god, and, if needed, to
provide encouragement to continue. The task was considered completed when the
participants had figured out how to behave to reach equilibrium and were able to repest
the performance on request.

After quedtioning the participants about their beliefs concerning what taents,
knowledge, or earlier experiences that might facilitate task completion, their educationd
background, and their find grades in math and Swedish from comprehensve schooal, the
Session was terminated.

Results

The experimentd manipulation produced no peformance differences between the
groups. The hypothesis that the pictures describing the actud Stuation would facilitate
task completion was not supported by the outcome. Three (3) of the subjects who
received population szes as pictures with the graphs, three (3) of the subjects for whom
pictures of the prevalling Stuation supplemented the graphs, and two (2) of the subjects
in the control group, succeeded at the task. Only 8 out of the in total 24 subjects, one
third of the total sample, solved the task.

Haf (6) of the made participants solved the task, but only 2 of the 12 participating
women (C2 = 3.00, p = .08). This replicates a finding by Jensen and Brehmer
(submitted), where al four of the participating men succeeded a the task, but only four
of the deven paticipaing women. Combining the two data sats yidds a ggnificant
gender difference in favor of the males cz = 6.62, p = .01). Ten (10) of a total of 16
males solved the task, but only 5 of the 23 women.

The 24 paticipants in the present study were divided into groups of low and high
performers in math. Those who had earned grade 3 or below were considered low math
performers, and those with grades 4 and 5 were considered high math performers. (The
Swedish grading sysem uses a 5-point scae ranging from 1 = “very low performance’
to 5 = “excdlent performance’). Of the 10 low math performers only one succeeded at
the rabbits-and-foxes task, but hdf (7) of the 14 high performers did. Math grades from
comprehensve school were dgnificantly rdated to performance on the rabbits-and-
foxes task (C2 = 420, p = .04). This did not explan the gender difference in
peformance, snce an equad number of women and men bedonged to the high math
performers (7 mades and 7 femdes), and consequently the same was true for the low
math performers (5 males and 5 femdes). Grades in Swedish were not related to task
performance.

Education in Sweden is generdly publicly financed and exempt from fees Mogt
pupils attend the school closest to home (Skolverket, 2000). Until they leave
comprehensve school a age 16, the vast mgority of Swedish children have smilar



educationd experiences. We assumed the find grades from comprehensive school to be
a good measure of the participant’s talents for math and Swedish (verba skills). Beyond
comprehensve school Swedish youth are split on different course programs of ther
own choice. Then task performance differences could be an effect of divergty in task
relevant experiences, rather than “innate’ talent.

Participants were grouped on basis of their educational background. If they had
sudied a science or technology program in upper secondary school they were included
in the math-experienced group (10 subjects). Those who did not fit this category
belonged to the non-math-experienced group. Two participants had taken math courses
after completing a non-mathematical program in upper secondary school. They were
conddered having some math experience. There were no performance differences
related to educational background. Four (4) of the 12 subjects in the non-math
experienced group, 4 of the 10 subjects in the math-experienced group, and none of the
two subjects with some math experience, solved the task. Surprisngly, 8 of the 12
subjects with a mathematicd background (in or after upper secondary school) were
women. Educationd background did not serve as an explanation to the gender
difference in performance on the rabbits-and-foxes task.

Discussion

The rabbits-and-foxes task is apparently a difficult one, as indicated by the low
success rate. Displaying the rabbits and foxes current circumstances did not seem to be
hepful. To the question why men outperformed women, the present study offers no
answer.

Sarting with the question of the overdl wesk performance, the difficulty of the task
was aready known (Jensen & Brehmer, submitted), but what could explain the apparent
usdlessness of the pictorid information? The fates of the populations were displayed by
line graphs in al conditions. If processing line graphs required a lot of effort from the
paticipants, the pictures might have been disegarded out of menta economy
congderations. Perhaps the pictures did not make any sense to the participants and/or
failed to provide any essentid information to them.

Graphs, as mathematics, can be efficient means for clear communication of dense
information, but only to people familiar with the language (Larkin & Smon, 1987).
Children frequently hold misconceptions and difficulties in the area of functions and
grephs (Lenhardt, Zadavsky, & Stein, 1990). College sudents, and even graduate
dudents, can exhibit amazing difficulties in underdanding rather smple line graphs
(Shah & Carpenter, 1995).

When comparing good graph readers to poor graph readers among high school
students, Maichle (1994) found no differences in the reldive frequency of extracting
point value or trend information. They did differ with respect to the complexity of the
extracted information. Poor greph readers generated amost no  longitudina
comparisons, neither with respect to individua point values, nor with respect to trends.
Good graph readers made more references to larger perceptud units (Maichle, 1994).

Sometimes people can encode a portion of a visua pattern, a visud chunk, and
automaticaly associate it with a quantitetive fact or relaionship. It is more of a pattern
recognition process in which little interpretetion is needed. There ae dtuations,
however, in which grgph viewers must rdy on more or less complex inferentid



processes. Fird, they may lack the knowledge to associate a visud chunk with what it
refers to. They do not undersand the graphicd language. Second, individud visud
chunks may not directly represent the dedred information. When transforming
information in a display is required to extract rdevant information, the task becomes
more difficult and interpretations are often inaccurate or incomplete. Findly, peopl€'s
knowledge about how different visual features correspond to conclusions to be drawn
from the grgphs may influence their interpretation of data (Carpenter & Shah, 1998;
Shah & Carpenter, 1995). It is like when reading you understand the text perfectly but
fail to draw the conclusions intended by the author.

There were no indications of participants having problems making point readings or
extracting ample trend information in the present study. They were dl able to read the
actud population gzes from the graphs, and they dso understood thet lines going up
meant increesing and lines going down decreasing populations. This is precisdy the
information provided by the pictures used in the firg experimenta condition. If there is
no problem extracting such information from a line graph, presenting the same data in
pictorid format is superfluous. Aids ought to ded with the difficult parts, not the easy
ones.

When using line graphs as tools to teach 12-year-olds economic concepts such as the
demand and supply laws, pod-testing reveded peformance deficits partly stemming
from difficulties understanding the laws, and patly from graph reading problems.
Concepts and links providing useful hints were frequently disregarded.  Sometimes the
subjects added information to meke the task more intdligible Graphs might in fact
hamper learning. If understanding graphs becomes a task in itsdf, attention is drawn
from the issue under tretment. This poses a potentid threat to the mastery of the
material (Gobbo, 1994).

Jensen and Brehmer (submitted) found that ignorance of the dynamic aspect, in
addition to the difficulties in peforming indirect thinking, was a frequent mistake in the
rabbits-and-foxes task. The present study confirmed this. Several subjects related the
requested fox population a the start of the year to the rabbit population by the end of
the year. They were, quite naturdly, frequently confused by the results. They faled to
think of how changes in the fox population during the year affect the rabbit population.
Important information indicating which actions to take was ignored in a way Smilar to
the children in Gobbo's (1994) study.

In the second experimentd condition, the current circumstances for the rabbits and
foxes were diglayed together with the line graphs. This additiona information
appeared to be disregarded when it contradicted the participant’'s expectations. In
paticular, the picture presenting foxes, consuming the reserves (diminishing rabbit
population) but dill not garving, was confusng to severd of the participants. When the
rabbit population grew during the firds smulated years, the participants in generd
reqoonded by gradudly increesng the fox population. When ariving a a fox
population, which during the year reached a Sze large enough to turn the growth of the
rabbit population into a decline, pictures changed from the one showing a few fa foxes
with puppies surrounded by a crowd of rabbits to the picture of foxes consuming the
rabbit reserves. Some participants were surprised that the fox population till increased.
They seemed to expect a decrease in the rabbit population to be accompanied by an
indant decrease in the fox population. Others were confused by the dramaticaly
changing conditions implied by the pictures Since there were only five different
pictures, dl, except the one representing the ided equilibrium gtudion, were true



within a rather wide range. This could give the impresson of seady States and sudden
jumps. Anyhow, many participants subjected to this condition paid the pictures a great
ded of atention initiadly, but after confronting a dtuation like the one described above
they deemed the pictures usdess (at least to them). They ceased dmost completdy to
look & the pictures and devoted al their interest to the graphs. The only way in which
the pictures seemed to assst them was to tell when the goa was reached. Then, the
participants reacted to the new picture gppearing on the screen.

How a task is approached and represented depends a lot on how it is interpreted.
Thompson (2000) compared the selection task to a task caled the arguments task,
which is quite smilar to the evaduation task used by Evans and Handley (1999) and
described in the introduction. In the arguments task, people are to evauate a concluson
that is derived from a conditiond <tatement. Necessty and sufficiency information is
important in this task, as it is in the sdection task. In the arguments task, when an
explicitly given concluson is to be evduaed, people do condder necessty and
aufficiency information, while this is rardy the case in the sdection tak. In the
sdection task, reasoners are not asked explicitly to evauate inferences. Consequently,
they may not represent information relevant to evaduating inferences, such as
necessty/aufficiency relations. The task is indead to identify cases that could
potentidly reved violaions of the conditiond rule. To consdently solve the sdection
task regardless of context, a method of invedtigating all cards for their potentia to
confirm, contradict or ther irrdevance to the rule should be agpplied. If the task is
interpreted as one of invedigatiing only those cases that could potentidly violate the
rule, it could explain the facilitating effect of deontic rules (expressng permissons or
obligations) on sdection task performance (Cheng & Holyoak, 1985; Thompson, 2000).

Human cognition is guided by consderations of relevance. Relevance is a product of
the cognitive effects produced and the cognitive effort required by the information in
question. The cognitive effect depends on importance and ussfulness of the information
in the current context. The greater the cognitive effect, the greater the reevance. The
gregter the cognitive effort demanded to extract some information, the lesser its
rdlevance. People's atention is directed by more or less implicit cost-benefit
edimations in an effort to maximize the relevance of the information processed (Sperber
& Wilson, 1995; Sperber, Cara & Girotti, 1995).

If the sdection task is to be solved by sdecting only those cards which have the
potentiad to violate the rule, the p- and the not-g-cards, that would be smplified by a
rule which is interpreted as a denid of there being p-and-(not-g) cases. In order to
maximize facilitation, both the effect and the effort Sde have to be consdered. On the
effort 9de, p and g should be chosen in such a way that p-and-(not-q) is eader to
represent than p-and-g. On the effect Sde a context should be chosen in where knowing
whether there are p-and-(not-q) cases is more vita than knowing whether there are p-
and-q cases (Sperber, Cara & Girotti, 1995). An example used by Sperber, Cara and
Girotti (1995) is the conditiond rule: ”if a women has a child, she has had sx”. A
virgin mother, p-and-(not-q), were clamed easer to represent than a women who is a
mother and has had sex. A virgin mother would be a remarkable incident and
consequently causes grester cognitive effect than an ordinay non-virgin mother. A
context were dso invented where it actudly might exig atificialy inseminated virgins,
and the subjects were asked to pretend they were journdigts trying to find out the truth
of that rumor. This was intended to make the subjects take an active interest in reveaing



virgin mothers. This verson of the sdection task yielded a 78% success rate (Sperber,
Cara& Girotti, 1995).

When interpreting the rabbits-and-foxes task, few subjects misunderstand the task to
reach equilibrium between the two populations, just as most people probably understand
the requirement to choose the cards relevant for confirming or disconfirming the rule in
the sdection task. What most participants gppear to be lacking in both task, is an
understanding of what strategies to apply to be successful. In the sdection task the best
drategy is to invesigate dl cards for their potentid to confirm or disconfirm the rule,
and then sdect those that have such potentid. In the rabbit-and-foxes task
understanding, that reaching equilibrium is the same as reaching a date where both
populations die and multiply a the same rate, is required together with a thorough
congderation of how that is accomplished.

Undergtanding how the rabbit population affects the fox population appears to be the
mogt difficult pat of the rabbitsand-foxes task. Some illudrations that highlight this
relationship, would perhgps lead to better performance. To achieve a high cognitive
effect the importance of the rdationship has to be highlighted. A pedagogic
demondration of the workings of the interacting populations would hopefully decrease
the cognitive effort requirements. The pictures in the second condition were intended to
fulfill such purposes, but apparently they faled to do so. More effort is probably needed
to produce clear illudrations that are easy to underdand, if a facilitating effect is to be
achieved.

Finker (1990) distinguishes between two types of mental representations important in
graph perception and comprehension, the visual description and the graph schema The
visud description is the output from visud perception, which is a Structurd description
of the scene. The visua description smply tells what the graph looks like, and is
atanable by dl dghted individuds. A graph schema embodies knowledge of wha
graphs are for and how they are interpreted. A graph schema trandates the information
found in the visud description into conceptud information, and directs the search for
desred pieces of information. According to Pinker (1990), different levels of graph
schemas exige, from generd to more specific ones. A generd graph schema is gpplied
when a graph is less familiar to the viewer. More or less vague ingghts in how to ded
with graphs in generad are then employed. The good (line) graph readers in Maichle's
(1994) study were proposed to possess a specific line graph schema, while the poor
graph readers were assumed to be limited to a more generic (generd) graph schema
Most high ability subjects, before reading verba statements to be judged, checked
rdevant dtributes of the line greph, identifying and naming the dimensons, units,
ranges of vaues as well as some trends. Low ability subjects scarcdy verbdized
graphica information before reading the verbad Satements. Consequently, they had to
soend more time and effort in the verification procedure, locdizing and identifying the
graphicd information needed to judge each of the verbd Statements. The good graph
readers quickly recognized which type of graph was currently being viewed, and in turn
directed their attention to typica line graph information (Maichle, 1994; Pinker, 1990).

Berg and Phillips (1994) used Piagetian tasks to assess the development of mentd
dructures in 7-11 graders. Subjects showing evidence of proportional reasoning ability
did dgnificantly better on many grgphing gStuations such as choosing the part of the
graph with the grestest “rate of change’. Locating points on a graph without a grid was
ggnificantly related to horizontd/verticd frames of reference. Students who did not



possess the logicd thinking dructures were more likdy to depend upon, and be
influenced by perceptua cues and less able to interpret or construct graphs correctly.

Students solving nondeontic sdection tasks have higher scores on the Scholagtic
Aptitude Test (SAT) than Sudents not solving them, while peformance on deontic
section tasks are unrdated to cognitive ability. People solving the nondeontic tasks
most likey succeed by gpproaching them andyticaly regardless of task context, as
solving nondeontic tasks are clearly related to solving deontic ones. Those are dso the
cognitively abler subjects (Stanowich & West, 1998).

All in dl, it appears to be a matter of superficid versus deep approaches to cognitive
tasks, rooted in differences in intdlectud ability as wedl as experience. A remaning
concern is whether performance deficits on the rabbits-and-foxes task stems primarily
from difficulties in grgph reading or from problems with deduction. The former would
be a problem in perceiving, while the later would be a problem in processng. Maybe it
isabit of both, but that need to be sorted out.

The issue is of vita importance because line graphs (as well as other kinds of graphs)
are generdly consdered unproblematic. They are used in newspapers and televison as
well as course materias in schools. Caution is caled for when processng beyond mere
point and trend reading is required, and when a graphing experienced audience cannot
be taken for granted. An audience of educated grown-ups is no guarantee it can (Shah &
Carpenter, 1995).

Most people appear to spontaneoudy use fairly superficid approaches to problem
solving. This seems & least to be true in unfamiliar areas and with problems framed in
unfamiliar ways. More andyticad approaches could perhaps be achieved by training,
which would familiaize people with the problems. Sdecting excusvely highly
intelligent people would aso most likdly result in enhanced performance. Presentations
targeting ordinary people have better put the concluson to be drawn directly benesth
the viewers noses.

The answer to the question posed in the title seems to be yes, explicit information is
important. Furthermore, the expected interpretations and conclusons made from the
information should follow suit and be explicit. This should be the case whether the task
isdynamic or gatic.
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