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INTRGDUCTICN

A great body of literature and research has dealt with
"axpert® Jjudges in terams of such issues as how accurate
their Jjudgments are, how well their Judgments <can be
modeled, and what causes erroneous Jjudgments. However,
little research has been directed at the guestion ¢f how
decision makers learn to make expert decisions; and
specifically what types of training procedures are most
effective. This study considered this issue through
evaluation of two training programs designed to further
improve the accuracy c¢f previocusly experienced decision
makers through the reduction of the adverse influence of
interfering materials. Cne of the training procedures was
strictly lecture, such like a classroom lecture, while the
second procedure involved "interactive® fpractice of the
verbal training suggestions,

The research rresented here systematically measured the
amount of learning which took place after two different
training procedures were given to judges experienced in the
applied agriculturzl area of soil judgment. Specifically,
both of the training procedures were given to experienced
soil judges and represented attempts to reduce the adverse
influence of materials which are irrelevant to the judgment
of soil.

In general, the systematic study of vatrious applied

training techniques, and especially the documentation ot



successful training progyrams has Lbeen scarce, and the
results of wany of the studies have been far fronm
satisfactery (Goodman, Fischhoff, Lichtenstein & Slovic,
1978). 1In fact, this persistent lack of success has lead to
a certain amount of pessimism toward the discovery of
training technigques which can be applied in a real world
setting and can lead to nontrival learning (Slovic,
Fischhoff & Lichtenstein, 1977). In the few casas where
training has increased 1learning the setting is usually the
latoratory (Hammond, 1971) and the task to be 1learned is
quite often artificial (Brehmer, 1377). This raesearch was
an attempt to rectify the shortcomings of previous research
by providing a systematic study, in an applied ayricultural
setting, of the impact of two training programs on
subsequent learning. This research was an attempt to
rectify some of the shortcomings found in previous studies.

Review of the

e

iterature

Because of the c¢ross-disciplinary nature of this
research, the introductory review which follows <contains
four somewhat secrarate sections. First, the research
dealing with the impact of training on judges is considered.
Special attention is given +o relationships which might
exist among various training procedures, their succass, the
setting in which the training is given, and the content of
the material to be 1learned. Two training procedures,
ortcome feedback and process feedback (to ke discussed

below), which have heen tested in applied settinys and seen



to have generality acrcss topic areas, are of crimary
interest in this review.

Second, the general prokblem of nondiagnostic
(irrelevant) informatian 15 defined and evidence is
presented which shows that nondiagnostic information may
adversely 1influence the accuracy of judgments. Although
very little research has been aimed at the gquestion of what
role nondiagnosticity plays in decision making, a number a
studiaes which can be reinterpreted in terms of
nondiagnosticity are discussed, 1in addition to the faw
available studies which deal with the question directly.

Third, the specific task of in , soil texture-
classification is outlined. Included in this secticn are:
{(2) A Ebrief description c¢f the soil Jjudgment task; (b) A
brief review of the avail;ble research on what might Lest be
called the psychology cf soil Jjudgment; And (c), evidence
that some materials which naturally occur in the soil, but
are irrelevant to the soil-textuyre, interfere with accurate
s0il judgnment, even for experienced soil scientists.

Fourth, tha gpurpose c¢f this study and the rationale
hehind the choice c¢cf the particular training procedures are
given. Specific hypotheses which were tested by this study

are outlined in this last section.
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No attempt will Le made to review all of the available
literature concerning the various investigations of the
effectiveness of training technigues. The scope of this
review has been narrowed for two reasons, First, a
distinction has been drawn between training technigques,
(Hammond, 1971), defined as those techniques which are
designed to result in the trainee learning something new,
and decision aids or techniques which are designed for use
after the original decisicn has been nade {see for example,
Fischer, Edwards, & Kelly, 1978; Humphreys, 1979). Only
training techniques which result in the decision maker
learning how to make better judgments will be considered
here. It was thought that training technigques would be more
effective and versatile in reducing the influence of
nondiagnostic information, and hence were the procedures
chosen to ke tested in this study. The training technigues
selected here did not reflect any one specific approach
developed in previous rTesearch, rather they were a composite
of a number of techniques.

This review has been somewhat restricted because nmuch
of the training research has involved naive participants and
may have limited generality to more applied Judgment
situations, However, whenever available, trainingy
techniques which have involved experienced decision makers
as participants will be discussed rather than a comparable

study involving naive participants who were taught to



perform an unfamiliar tuask.

Roughly speaking, there agppear to te two Lasically
different procedures that have been used to improve the
accuracy (validity and reliability) of the judgments made by
decision makers. Both apprcocaches depend upon the use of
somne form of fesdkack as the primary training device, but
the two approaches differ in the form of this feedltack. It
is this difference which distinguishes the two training

techniques. The first ©procedure has been called ogutconme

{rt
KD

eedback training; 1i.e., the training depends on feedback
which tells the sulbjects hcow valid their judgments are with
respect to some external standard or criterion. The second
approach differs from +the first in that the judges are
trained through process feedbtack training; i.e., sulkijects
are given some type of infcrmation akout a "model" of their
judgmental processes. Frocess feedback training may take a
variety of forms, fronm cowmplete model feedktack (based on an
optimal or normative model) to subjective model feedback
(derived from the subject's own decision strategy).

Qutcome  Feedback <Iraining. Outcome feedback 1is
probably the most common form of training (Hammond, et al.,
1977), and if an appropriate criterion is available: TIt is
certainly the simplest training to explain to the judge and
the easiest to employ.
utnfortunately, outcome feedback is beset with two major

problems which decrease its effectiveness and versatility.

Ficst, in many (most?) arpplied settings the final validity



based on the outcome of the decision 1is simply .not
determinakble. For an agricultural example, consider the
livestock judge. 1he judge may quite confidently rank order
a collaction of <enimals tased on their judged slaughter
potential, Whether the judged order is the *"correct? order
is not an answerable question, because the judges themselves
define the correctness c¢f the outcome Lty defining the
criterion, For an other example, an audit may ke considered
accurate simply because the senior partner cf the audit firm
was the person who conducted the audit (Ettenson, Note 1).
A second, and perhaps wmore disturbing problem with outconme
feedback, even encountered when an apprcriate criterion
exists, is that this intuitively compelling procedure has
often been found to be surprisingly ineffective (Einhorn &
Hogarth, 1978). Despite long and repeated outcome training
sessions, the amount of learning may be only moderate, and
frequently fails to generalize to other very similar
settings (Brehmer & Svensson, 1376).

Research on debiasing, that is, removing the adverse
influence of various heuristics (Tversky & Kahneman, 1974),
has shown that outcome feedback, consisting of right-wrong
information, has been repeatedly unsuccessful as a training
device (Kahneman & Tversky, in press). It should be noted
that these studies have typically employed underyraduates
and used tasks which are of questionable interest to the
participants (Kahneman & Tvarsky, 1974). Qutcone feedback

training has failed even when combined with specific verkal



or written instructions to avoid the detrimental effects of
these biases (Fischhoff,b1977). The 1ineffectiveness of
outcome training fcund 1in these studies may arise from the
fact that the decision maker is not able to localize the
reasons why a decicion lead to the particular outcome. For
example, consider a prototypical example inm which the
participant is asked to judge the probability that x will
occur, and it is consistently found that base rate
information is ignored. Repeated feedback that the
probability estimate 1is wrong does not allow the judge tc
easily discover that the source of the ¢problem is that
he/she has been 1ignoring base rate information, In
addition, it is not difficult to think c¢f situaticns in
which bad outcomes may originate from gcod (even optimal)
decisions, or good outcomes may result from a bad decision.
In this situation outcaome feedkback may actually be
detrimental.

In contrast to the generally unsuccessful training
studies discussed above which typically used undergraduatas
and artificial tasks, outcome feedkack has been employed
with somne SUCCESS tc teach both experienced and
inexperienced decision makers how to be better caliktrated.
Calibration can be defined in varicus ways. The definition
below is from Lichtenstein, Fischhoff and Phillips (1977),
and is the most cormonly accepted cone, Formally, a judge is
well-calitrated if, over a large number of occurrences, for

all propositions the judge assigns a certain probakility of



occurrence, the proportion of these occurrences which are
true is equal to the probability given. Feor example, if an
investment broker repeatedly przdicts that a stock has a 25%
chance of returning earnings, and over a period of time
these stocks do return =arnings 25% of the time, then the
broker is perfectly calibrated. Weather forecasters
represent a group of decision makers who have been found to
be generally well-calibrated (Murphy & Wrinkler, 1877). It
is hard to deny the critical impact of outccme feedlkack as a
training device to improve the <calibration of these
experienced experts. The outcome validity cf a particular
forecast is often quite visible the next day. Clearly,
weather forecasters have a great deal of outcome training
because of this freguent day-to-day evaluation of their
predicticns. It must also be remembered that weather
forecasters are likely to te highly motivated, and generally
quite experienced.

This relationship Lketween expefience and effectiveness
of outcome feedback training seems to extend to other areas
as well., A review of a great number of calibration studies
seems to indicate that judges are better calibrated and more
easlly trained for a task with which they have had previcus
expertise and interest (Lichtenstein, et al., 1977). Judges
are more poorly calitrated and training 1is aften
unsuccessful when the task 1is of less interest. An
@Xxception to this, worthy of note, is the recent series of

training studies ccnducted by Sarah Lichtenstein and Earuch



Fischhoff. They were able to +train naive participants tc
have improved calibration for answers to two-alternative
general-knowledge guestions using outcome feedback training
{Lichtenstein & Fischhoff, 1978). They found that the
sutjects' calibration imprcved when given what Lichtenstein
and Fischoff called "performance" feedkback for only 200
items (a total of 2200 items were presented to the
participants over the «course of the entire experiment).
Limited generality to cther very similar types of
probability tasks was alsc seen, The performance feedback
used by Lichtenstein and Fischhoff (1978) involved both
outcome feedback and suygestions specifically designed to
show subjects how to improve their calibration.

Finally, one form of outcome feedback training called
"discovery" has achieved some success in the undergraduate
laboratory setting. In discdvery training the Judges are
asked to¢ think about, and then <create for themselves,
outcomes which might —rTesult from their decision. It is
thougqght that having subjects discover an outcome may result
in deeper processing and therefore result in tLetter
retention (Moscovitch & Craik, 19758). Eresumakly, the
judges are providing themselves with a form of "pre-decision
outcome feedkback,™ that 1is, "what might happen if I do
this,"” and thus causing this feedback to te processed more
deeply. Compared to strict outcome feedback, Slovic and
Fischhoff (1977) found that having subjects discover +the

effects of the hindsight heuristic (over confidence for



10

memories of past avents) was a more successful training
technique, This type of self-generation of outcomes was
also somewhat successful in training sulbjects to make the
difficult distinction between directly asserted and iuplied
informaticen (Brunc & tHarris, in press). These training
praocedures have the distinct disadvantage that the
parcticipants may not Lte able to make the critical
discoveries for themselves. In most cf the typical
applications the subjects are eventually told what they
should have discovered on their own (see, for exanmple,
Bruno, 1in press). this makes it difficult, if not
impossible, to generalize tho procedure to areas in which a
criterion is not availatle.

Process Feedback fraining. The other approach which
has commonly been taken tc training has Lbeen to provide the
decision maker with feedbtack about the processes used to
arrive at the judgment. In this case the feedback can be
given with réspect to a criterion (an optimal process) or
siaply as a description of the judge's own decision process.
0f course, process feedback can be supplied with or withcut
outcome feedback.

As a fairly representative exaample, preccess feedback
is usually the approach taken by researchers working within
the framework of the len's model (Brunswick, 1956).

In the len'ts wmodel the welights <c¢btained from a
multiple-regression analysis are used to provide judges with

feedtack cof their cwn judgment model. Hammond (Hammond, et
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al., 1977) has repeatedliy argued, rather cecnvincingly, that
process teedback is considerably more etffective than outconme
feedlkack., First, Hammond notes that outcome feedback often
does not arrive in time to help the decision maker ({i.e.,
especially in cases where one or only a small numkber ot
decisions are to be made). And second, cutcome feedback
does not teach the decision maker what should have been
considered as a part of the decision and what should not
have been. 1n contrast a len's model analysis provides that
judge with information altout how each cue was used {or not
used) in the Jjudgment,

In a series, of studies Norman (see Norman, 1976, for a
summary) used information integration procedures (Anderson,
1974) to ccmpare outcome and process feedback training. He
found that strict cutcome feedback caused general changes in
the integration model for koth the weight and the model form
(Norman, 1974a; Normwan, 1974b), while rrocess feedback
resulted in more specific chanygyes to particular weights in
the model. This may indicate that when sgecific training
impact is desired, such as in the training of experienced
decision nmakers, process feedback may te more “finely
tuned,”

Although, it seems that both outccme and process
feedback may be useful training techniques, exactly how to
implement the feedback is not always clear. The studies
discussed here which have used experienced decision makers

seem to inrdicate that in general an attempt should te made
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to tailor the type ot training specifically to the judges
being trained and the material to te learned. In additicn,
‘" the interest and experience of the decision maker may be a
very important variable in the success of the training, wnhen

either type of training is used.

=

Inpact of Nondiagnostic Information

l

Tha central problem faced by most decision makers is to
evalﬁate and make a judgment based on a number of stimuli,
each of which ccntains a wide variety of informaticn.
Unfortunately, not all of the available information should
be yiven equal importance. Much of the informaticn is
likely to be quite diagnostic; that is, infcrmation which is
relevant to making the test Jjudqment., Other information
will be less diagncstic. Finally, a part of the inforration
may be completely irrelevant to the judgment problem at
hand, that is, nondiagnostic, and should nct be used by the
decision makers to make the best possible judgment,

Decision makers may either knowingly, or unknowingly,
rely on this nondiagnostic material to help them reach a
judgment. Such reliance on irrelevant infcrmation may, at
worst, result in a judgmental error and, at Lest, dilute the
capacity of the decision maker. Obviously, in either case,
decision wakers should avoid any use <¢f nondiagnostic
information, and instead rely solely c¢n relevant or
diagnostic information, Formally, information is
nondiagnostic if it should not be used as part of the input

in a decision. Determination of nondiagnosticity can be
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through definition (as will be seen to be the «case in soil
judgment), by convention {the livestock Jjudge does not look
at the «curliness of the pig's tail), or by the law
(discriminaticn is not tc te made by race).

Evidence of the adverse influence <¢f nondiagnostic
information has Lteen fcund in a variety of research
settings; examples are given below from research don2 in the
areas of decision making (inference judgments), social
psychology (attitude formation), research c¢n aging (ccncept
formation), and perception (recognition tasks). However, in
general nondiagnosticity has been studied cnly as an issue
tangential to the wmadjor pecint of these studies, Following
consideration of a number of examples of research in which
nondiagnosticity was only a tangential issue the few studies
which directly investigated the influence of
nondiagnosticity will be discussed., Finally, this review of
the influence of nondiaynostic informaticn will «cecnclude
with a discussion ¢f what little research has been conducted
using experts,

In a number of studies of the type in which the
participant is asked to draw inferences frcm a set of cues,
nondiagnastic informaticn has been included, either
intentionally or unintentionally, as one of the cues., Feor
instance, Castellan (1973), using a multiple-cue probakility
learning task, repcrted that the presence cf irrelevant cue
dirensions vretarded iearning, He suggested that the

decreased l2arning may have heen due to sutjects failing to
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ignore the irrelevant cues,

In their classic dermonstrations of errors generated by
dependence on the representativeness heuristic, Tversky and
Kahneman (1974) shcwed that some of these mistakes may occur
because subjects rely on information from nondiagnostic
samples to make their judgments. It appears that this
reliance on nondiagnostic information <c¢cupled with the
ignoring of —relevant information resulted in very poor
overall judgment accuracy.

In a study of jot-performance evaluaticn, Norman (1976)
included toth relevant and irrelevant types of inforratiaon.
In this situation he found that sukijects almost always used
both the irrelevant and relevant infcrmation. This
inappropriate dependence on nondiagnostic information was
further increased when the amount of other 1informaticn was
restricted.

Finally, Wallsten (1979) has okserved nondiagnosticity
effects in a pair of studies involving a variety of
inference tasks. He asked participants to make similarity
inferences based ¢n cues having 1, 3, c¢r 5 dimensions.
There was a tendency for the sSubjects to ccncentrate on one
aspect of the stimuli, without regard to diagnosticity, to
the possible exclusion of more diagnostic cues. These
studies Ly Wallster do not point to a consistent directional
effect of nondiagnostic wmaterial, but rather the effects
seen in his studies seexs tc depend on the ccntext.

In the social psychological area of attitude formatian,
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Youngblood and Himmelfarbh (1972) found that a neutral
message received prior to a positive (cr negative)
comrunication resulted in less extreme attitude judgments
than did exposure to pcsitive (or negative) sStatements
alone, Although it may not be, in fact, irrelevant it seens
quite reasonakble to view the neutral nessage as
nondiagnostic with respect to the information which 1is tc
come later, and from this perspective nondiagnostic
information seems to have been given inappropriate
importance; that is, the participants seemed to make use of
the information. In another social psychological study
(Fromkin, Goldstein & Brock, 1974), subjects were exposed to
both relevant and irrelevant derogation of a third party {a
cab driver). The irrelevant derogation, which should have
had no influence on the awmount of frustration felt toward
the cab driver, was found to have as much effect as relevant
derogation, Although no other social psychological studies
will be reviewed, 1t shculd be noted that a numker of
social-psychological issues, for example prejudice, cculd be
meaningfully considered within the framrework of
nondiagnosticity.

Recent studies seen to point to a role that
nondiagnostic information may play in explaining the
difficulties faced Lty the elderly. For exanmple, in a
concept formation task, Hoyer, Rebok, and sved (1979) used
three groups of sutjects: young, average age 20.6; middle-

aged, average age £2.4; and elderly, average age 72.6. They
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found that for the elderly there was a disproportionate
increase in both reaction time to solutien and number of
earrors as the number of irrelevant dimensions increased,
Evidence has accumulated suggesting that the ability to
ignore irrelevant information may decrease with aje (Layton,
1975; Ratkitt, 1964; Rakbitt, 1965).

Of the few studies which were directly concerned with
nondiagnosticity, prokakly the clearest demonstration conmes

from the "bookbags-and-pokerchips" paradigm (Edwards, 1968).

-~ o

In one early study Shanteau (1975) showed that nondiagnostic
samples (those with likelihood ratio of 1.C) had the effect
of producing less extreme probability Jjudgments; logically
the judgments should oot have been influenced at all.
Troutman and Shanteau (1977) used a numter of different
booktags-and-pokerchips tasks and found that nondiaghostic
informaticn presented in a number of ways had a definite
impact on the inference judgments, In related research,
Lichtenstein, Earle and Slovic (1975) found that when the
second of two numerical cues was less diagnostic than the
first, a substanﬁial number of the inferences bhecape less
extreme, In this particular task the judgments should have
becomne more extreme if the diagnosticity ¢f the cues were
correctly (optimally) interpreted.

A number of studies have also been conducted which
investigate the role of irrelevant cues in perception. It

has been found that irrelevant interactive cues which

physically surround the target stimuli delay the search and
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recognition time of subjects in reaction time experiments
{Krueger, 1973; Dixon & Just, 1978; wWilliams, 1974). These
studies show that even when 1irrelevant information is not
used as part of the final decision process, it may adversely
influence the decision simply by requiring more processing.

Taken together, the results of this diverse set of
laboratory studies seem to point to one consistent finding;
nondiagnostic information has the potential to ke an adverse
influence on human judgnent.

The question remains, however, as to whether similarc
nondiagnosticity effects are observed cutside of the
psychological laboratory. Unfortunately, the evidence on
this question is sparse. Nevertheless, there 1is sone
research which suggests that even experienced experts may be
subject to the adverse influence of nondiagnostic
information, As early as 1971 Tversky and Kahneman regorted
that experienced psychological researchers used many of the
same misleading heuristics (such as <representativeness)
which lead naive subjects to use nondiagncstic information
(Tversky & Kahneman, 1971). They used members of the
Mathematical Psychological Group and of the American
Psychological Assocation to estimate the probability of
significance of two hypothetical studies, based on different
sample sizes, They found +that most psychologists have a
tendency to attach too much diagnosticity to sample size.

Similarly, wWallsten (1979) observed the some of the

same tendencies to use nondiagnostic inforwmation in medical
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settings that were found in laboratory studies. Other
research (Krischer, 1976), also in the medical setting, has

shown that the surgical treatment for cleft palate may in

some cases be decided based on nondiagnostic information
{eg., the sex of the child).

Two recent studies have investigated the influence of
nondiagnostic informaticn in applied settings using
information integration techniques (Anderson, 1974). The
first, a re-analysis by Shanteau (1979) of Phelps'® (1977)
research on the traininyg of 1livestock judges, showed that
more experienced judges are better able to ignore the
irrelevant factors, for example curliness c¢f a pig's tail,
than less experienced judges. A second recently completed
but unputlished study by Nagy! has shown that when making
personnel decisions, Master's level students rely on more of
the irrelevant information (eq., sex of apglicant), than do
more experienced personnel directors.

Thus, while research which addresses the problem of the
irrelevant information is limited, the evidence is certainly
suggests that nondiagnostic information does produce many of
the same problems for experts that it does for naive
subjects.

FPinally, given the established influence of
nondiagnostic information, it is curious that there seens to
be no attempt to formulate a theory describing how it
influences the decision wmaking process. The study of

nondiagnostic information has reached a pcint where it is
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not enough simply to demonstrate its influence, rather, it
is time to move c¢n to the probleas of understanding and
,reducing its influance.

Soil Judgment

This section consists of three parts. First, how soil
is assigned one of twelve ©possible textural classes will be
defined. Then the literature describing the accuracy of
soil judgment will ke reviewed. Finally, irrelevant
materials which oc¢ccur nraturally in the soil will be
discussed as a possible interfering source causing erroneous
so0il textural judgments.

Although soil scientists must make many Jjudgments
concerning various aspects of soil and soil conditions, only
soil texture assessment will be considered here. It seems
appropriate to comment briefly on the uses of soil-texture
analyses. Soil classification is of great practical
importance in a wide variety of agricultural, constructicn,
and engineering settings. For instance, the choice of
location for a building or the constructicn site of a dan
can vitally depend on the soil-texture involved, For the
farmer, irrigation practices, the type of crops, aund amount
of fertilizer are only a few of the decisicns which depend

on soil texture,.
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Soil Texture-Classification Assessment. It is not
necessary to become an expert on soil science in  order to
understand the essentials c¢f the so0il texture-classification
system. For textural classification purposes, all type of
soils can be assigned to one of twelve textural classes
lakelled; <clay, sandy-clay, silty-clay, sandy-clay-loan,
clay loam, silty-clay lcam, loam, silt lcam, sandy-loan,
loamy sand, silt, and sand. TFor the purpcses of assigning
soil to cone of tlese twelve textural classs, only three
fundamental components of the sSoil are relevant: sand,
particles sized from 2.Cmm-.05mm; silt, scoil particles sized
from .05mm-,002mm; and clay, soilil particles sized less than
.002mm. The textural class of a particular soil is defined
by the awount (percentage) of sand, silt, and clay which
compose the soil (because sand, silt, and clay define the
soii—texture, the sum of these percentages is 1004).

Soil texture was originally assessed c¢nly by hand, and
the texture classes were solely intended tc reflect field
use of the soil. Based an these purely practical
applicaticns, the first textural classes were assiyned and
latelied with names which corresponded to the field usage of
the soil, Subsequently means tecame available to
mechanically analyze scil samples with laboratory
techniques. The percentagyes of sand, silt, and clay could
be determined inderendently of human judges. Naturally this
development necessitated relating the older "field" textureas

schemre to the results of the laboratory analyses. Although
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a number of such systems were tried, the 0SDA Textural
Triangle (1951) is currently accepted almost exclusively in
this country. See Figure 1 for the triangular
representation of the textural classification schenme.
Formally, the triargle represents a three-dimensional space
with the three coordinates representing the % of sand, silt,
and clay. In addition, a restriction that the sum of the
three dimensions must add up to 100% is imposed. This must
occur because, by definition, soil-texture is dependent only
upon sand, silt, and clay.

The USDA textural traingle was developed as an attempt
to retain the old texture names and carresponding field
characteristics. This, tc a large extent, explains the
peculiar shape of many of the texture <classes (see, for
example, sandy loam in Figure 1), Given the values of
percentaqge sand, percentage silt, and percentage clay, the
location of this pgoint is determined on the triangle, and
its location defines the soil textural classification. For
example, soil containing 40% sand, 40% silt, and 20% clay is
plotted in Figurs 1, As can be seen from its location, the
soil would ke given a textural class of loamn.

Soil texture can te determined 1in two ways: with
mechanical procedures carried out in a labcratory, and with
the use of the feel (sometimes called field) wmethod
performed by hand. Therefore, when assessing soil-texture
in the field, the job of the soil surveyor 1is to determine

the textural classification of the s0il as it would be



Figure 1

USDA soil textural classification triangle:

with 40% sand, 40% silt, and 20% clay plotted.
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classified if the analysis were done mechanically in a
latoratory. However, because of .the constraints imposed by
the rather high cost of mechanical soil sample analysis
{often as high as $100 per so0il sample and the additional
time inveclved, only a very small portion of the total number
{approximately 2-5%) of field texture determinations can be
sent to a laboratory for analysis. For the psychologist
this situation 1is advantageous, since the field assessment
of soil-taexture 1is purely subjective, while the laboratory
analyses provide an otjective criterion. It should be noted
that over time the standard laboratory procedures have
occasionally even been <changed, and have recently bLeen
seriously questioned (Hawando, 1978) on the grounds that in
most lakoratory analyses the clay particles have been
assumed to be round, however, this is often not the case and
rather the <¢lay is ¢flat. This mistake may result in
considerable error in the clay percentage. However, the
commonly used labcratory assessments are generally gquite
reliable (if not wvalid), and are currently the accepted
standard.

Accuracy of £oil Texture Assessment. The accuracy of
the subjective feel method of texture assessment has not
gqone untested; rather, most of the evaluation has Eeen done
at an infarmal level, especially during the creation of the
USDA textural~triangle, A few rigorous studies do exist,

however. In research conducted by Foss, Wright, and Coles
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(1975) and Leenheer, Agppelmans and Caestecker (1954,
accuracy was measured by counting the frequency with which
field tz2xtural classifications made by soil survey personnel
agreed with a laboratory analysis of the same soil. [Despite
time and locaticon differences between these two studies,
both Foss et al. {1975) and Leenheer, et al, {1954)
concluded that scil-texture assessments agreed with the
laboratory roughly 50-60 percent of the time (1 of 12, or
approximately 8% wculd be expected by chance).

In the two studies discussed above accuracy was defined
in terms of only the textural classifications. Ia
compariscn, HRodgson, Hollis, Jones and Palmer {19786)
measured accuracy based solely on individual Jjudge's
specific estimates of the percentages of clay and silt.
They found that in 80% of the cases the soil scientists were
within 8% of the standard for «clay and +12% for silt,
Although the btasis of their analyses was somewhat arbitrary,
it did indicate the there was room for imprcvement,

More recent research using soil scilentists at Kansas
State University examined the wvalidity and relialkility of
soil-texture judgments. In a study inveolving 8 experienced
s0il judges (members of the soil judging team, faculty, and
staff), 160 soil-texture assessments were cbtained. Forty-
seven percent of these judygments agreed with a mechanical
analysis conducted by the Yational Soil Survey Laboratory
(Shanteau & Gaeth, 197%). In this same study, reliability

of the expert's judgments was also measured, on an intra-
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judge basis. Shanteau and Gaeth found that intra-judge
reliability was rotutghly 50%.

In another wvalidity study, field survey data were
reanalyzed from entries in the Soil Survey Investigaticns
Report No.4 (1966) of Kansas. 1t was found that 57% of 320
field textures agreed with the subsequent labeoratory
analyses (Gaeth & Shanteau, 1979}). In a similar study of
accuracy, texture Jjudgments coming from the 1978 Soil
Judging Contest were analyzed for validity. In this case
38.8% of the judgments agreed with the mechanical analysis.
Any interpretation of this result must be tempered Lty the
fact that these Jjudges were students and not yet
professionals.

Interfering lfaterials. A considerable amount of
research indicates that soil judges are typically correct
roughly 50% of the time in their texture Jjudgments. This
certainly leads to the guestion of how the accuracy of soil
textural-classification can be improved. Cne approach to
improved accuracy is to consider what causes errant
judgments. Sources have suggested that difficulties could
originate due to the presence of material other than sand,
silt, and clay in the soil (Clarke, 1936; Leenheer, et al.,
1954; Russell, 1973 and other sources aentioned bhelow).
Specifically, Foss et al. (1975) indicate +that coarse
fragwents, free irch, organic material, and very coarse or
very fine sands might cause increased difficulty assessing

the texture of soil, Hodgson, et al, (1976) indicated that
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orqganic carkbon and calciur carbonate seemed to Le related to
errors in texture judgmoents.

To further investigate the effects of such interfering
materials, a survey was taken of ten soil scientists in
Kansas each of whom had a yreat deal of profsssional
experience assessing soll-texture in the field. They were
asked to rate the effect +that a number of naturally
occurring materials had on the accuracy of their soil-
texture Jjudgments, All of the interfering materials
discussed above were included in the survey. Each was rated
as having some detrimental effect (see Table 1 for a
summary). In addition, cverly moist soils, tilled soils,
coarse silt, «clay type, and other possible interfering
factors were suggested by the participants., Based on these
results and personal communication with scil team coaches
{0. . Bidwell, Kansas State University; J.E. Foss,
University of Maryland; R. Pennock, Fennsylvania State
University) evidence points to interfering material as a
likely cause for reduced accuracy even in expert soil

judgment.
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Purpose and Rationale for IThis Study

This study was designed to test three major hypotheses.
First, interfering matetrial in the soil adversely influences
the accuracy of the soil texture-classification judgments
made by experienced soil judges. Second, the two training
procedures (lecture and/cf interactive) will help soil
judges reduce the influence of the interfering materials.
And third, reduction of +the adverse influence of the
interfering materials results in improved accuracy of the
soil texture-classificaticn dudgments. Details of each of
these hypotheses are given below.

The literature concerning reseacch with
nondiagnosticity =shows a <clear need for more empirical
research involving experienced decision makers. In -
addition, as discussed above, there is a need to move on to
the proklem of understanding and reducing the influence of
the irrelevant information. Because of the well-defined
nature of the soil texture-classification problem, and the
apparent advarse influence of irrelevant fle€s s
nondiagnostic) materials, soil texture-classification
judgment was chosen as the area to study the effects of
nondiagnostic materials on accuracy and to attempt to test
training techniques designed to reduce the influence of the
irrelevant materials. Thus, the first issue addressed in
this study was the question of whether irrelevant materials
can be shown to cause systematic errors in socil-texture

judgments, The two materials chosen to be tested were
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coarse fragments (particles larger than 2 mm.), and
excessive moisture present in the soil (abcve the level of
moisture which |is normally used in hand textural
classification assessnent).

Second, to reduce the presumed interference of the
irrelevant wmaterials, twc training procedures weras used;
these were designed to improve accuracy of the texture

judgments through reduction of the 1influence cf the

irrelevant materials, As discussed in the literature
review, ©no training prccedures were fcund which were
specifically designed to reduce the influence of

nondiagncstic information. However, based on a combination
of the two general types c¢f training discussed earlier, twc
different training procedures were chosen toc be tested here.
Neither involved the use of direct outcome feedback. Cne, a
strictly verbal series cf instructions, <called “lecture
training", was selected to parallel the type of training
501l judges typically receive in the classroom. The second
training procedure, called "interactive training"™, 1is more
in line with the previous work using the discovery method to
produce deeper processing. In this training procedure the
judges were asked to practice the suggesticns given in the
verbal traininy and encouraged to discover the influence of
the irrelevant materials for themselves, This training is
called interactive to stress the active role played ty the
trainee, Both the lecture and the interactive training are

forms of process feedback in that the judges are taught
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suggesticns how to better texture soils, and are not forms
of outcome feedback training.

Tt must be ncted that the names chosen for the twce
training procedures are intended only as ccnvenient labels.
There seem to be no appropriate labels availakle from
previous research.

Third, it is possilkle that the first hypothesis is true
aﬁd irrelevant materials do adversely influence the
judgunents made by soil judges. Further the second
hypothesis may be verified, and some <combination of the
training procedures does result in a reduction c¢f the
adverse influence of the irrelevant materials. This could
occur 1f the 1irrelevant materials some how aided the
judgment (this seems unlikely, however, it is possible).
Nevertheless, the accuracy of the texture-classification
judquments does not imprcve. Hence the third hypothesis
specified that reduced influence of the irrelevant materials

would lead to improved performance for the soil judges.
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METHOD

The ijudge's general task was to assess the textural
classification and estimate the percentages of sand, clay,
and silt for 16 =o0il saeples in each of three evaluation
sessions., In addition, each judge was trained with cone of
two training programs., The training prcgrams contained
different <content but followed parallel ©patterns. The
content «©f one of the two +training programs was either
designed to reduce the influence of excessive moisture, or
to reduce the influence of coarse fragments. Each training
program consisted of two training sessions; the first type
of training was lecture training and the second was
interactively based. To clarify terminology for future use,
training procedure will refer to either the lecture or
interactive training procedures, while training prograp will
refer tc the sepzérate content (i.e., either designed tc
reduce the adverse influence of excessive mcisture or coarse
fragmants) of the training procedures. Thus, each judge was
given Loth the 1lecture and the interactive training
proecedures, and either the coarse fragments or excessive
moisture training grogranm.

The impact of the two training procedures was measured
through the use of three evaluation sessions; thus yielding
a total of five sessions, In addition, both groups received
the same series of five sessions in the same temporal order.

The first session was an assessment of the initial baseline
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ability of each of the judges to ignore the influence of the
interfering material. The second session ccntained lecture
training designed to reduce the adverse influence cf the
interfering material. The third session was an evaluation
of the lecture training. The fourth sessicn consisted of
interactive training of the so0il judge using actual soils.
The fifth and final session was an evaluation of the
cumulative impact of the two previous training procedures.
The remainder of this section contains a descripticn of the
participant soil judges, and the set of soil samples used as
stimuli fcllowed Ly a detailed discussion of each of the

five sessions.

Participants. Thirteen soil judges (2 females, 11
males) were recruited from an advanced Soil Morphology
class (#415), taught in the fall of 1979 at Kansas State
University. The judges were paid $12.00 for their
completion of this study; the total time requirement was
from 3.5 to 4.0 ‘tours. Each of the judges had taken at
least one soils class in which texture-classification
assessment of soil was taught, All judges had additional
experience 1in the determination of sSoil texture 1in the
field, either through various combinations of personal werk
experience, laboratory wecrk associated with a sail
morphology class, or previous participatiorn on a soil
judging team. The judges were randomly assigned to cne of

the two different training groups (that is, they either
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received the excessive nrcisture or the coarse fragments
trainingy prograa), based on a pseudo~ranrdom schedule
arranged prior to tae bsginning of the experiment, The
schedule was designed tc keap the size of each o0f the two
training groups as equal as possible during the course of
the experiment, This was necessary because the total number
of judges that would be availatle was not kncwn prior to the
end of the experiment, and equal group size facilitated the
ease of analysis, One of the thirteen judges was dropped
because of inadequate familiarity with soil texture~
classification; this judge had recently come from Europe and
was not experienced with the USDA system of soil
classification,

Soil Stimuli. Ten Kansas soil sanples were used in

this experiment. These ten soils included 5 soils
containing coarse fragments and 4 filler soils which did not
contain coarse fragyments. All of the scils were either
collected by the reseagcher or provided Lty a USLCA Survey
Soil Scientist2., gach <¢f the soils was found within a
200-nmile radius of the Manhattan, Kansas area. All soils
used in the experiment were analyzed by the Front Range
Laktoratory in Fort Collins3, The results cf these analyses
are given 1in Table 2, This set of ten soils provided the
basis for the creation of two collections of stimuli; the
evaluation collection of 16 soils (more throughly descrited
below), and the two training soils, All of the soils were

chosen to have reasonably similar amounts of sand, silt, and
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clay, Lut yet to also tfe digtinguishable. The training
soils were used in the interactive training procedure and
will be discussed in more detail 1in the section on active
training.

Following collection, all of the soils were dried, hand
crushed, and passed through a 2-mm sieve. It should be
rememnbered that 2 millimeters is the cutoff size Letween the
largest sand particle and coarse fragments., The percentage
of coarse fragments was determined Ly weighing the coarse
fragments which did not pass through the sieve and dividing
this into the weight of the soil which did pass through the
sieve (see Table 2 for the percentage of coarse fragments in
each s0il), 1In this way the coarse fragments were removed
from the soil =samples and the “"naturally occurring®
percentage of coarse fragments was determined for each soil,
Henceforth, each ¢t the sieved soils (scil with <coarse
fragments removed) will be called Lase soils.

The test set, which conmprised twelve c¢f the 16 scoils,
was created by preparing 100 grams of each of the 3 base
soils as determined Lty a 2-levels of coarse fragments by
2-levels of moisture complete factorial design. For the
coarse~fragment factor, the low level of coarse fragments
was chosen as the kase so0il containing no coarse fragments,
The high level of coarse fragments was roughly the sanme
amount found in th2 soil npaturally, Because there was only

a limited amount of weach soil, the exact proportion of
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coarse fragments whicn was used depended on the availability
of the soil, and in all casaes the anounts were rounded off
to simplify the mixinyg prccess. 0Only coarse fragments which
were originally sieved from a soil were ever returned to
that soil. That is, the evaluation soils may not have
contained exactly the percentage of coarse fragments which
occurred naturally, but all fragments added to the soil were
indigenous. See Table 2 for the exact percentages of coarse
fragments returned to the soils for use in the evaluation
sessions,

For the moisture factcr, the 1low level of moisture was
chosen as the dried base soil with virtually no moisture in
it. Actually, because extensive oven drying was not carried
out (extensive drying changes the appearance of the soil
sukstantially), a small awmcunt of moisture remained in the
base soil samples, Despite the presence of this moisture,
the soils were considerably drier than the level of moisture
typically used when a hand texture is taken. The high level
of moisture was arrived at through the help of an
exgerienced professional soil scientist*, This level was
chosen in an attempt to duplicate the conditions which might
prevail in a field situation after a heavy rain or due to
the presence of high grcund water. For all of the base
s0ils in the evaluation set, the high level of mcisture
content was deliberately chosen to ke in excess of the level
of moisture normally usad to assess the textural

classification of soil by hand. See Table 2 for the exact
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amounts of moisture used in each of the evaluation soils.

Thus, each of the 3 base soils was prepared in 4
different conditicns yielding a set of 12 scils to be used
in each evaluation sessicn, These 12 soils will ke called
the test soils. That 1is, each test soil was either dry,
excessively moist, contained original coarse fragments and
dry, or contained crigipal <coarse fragments and excessively
moist. Added to these 12 test soils were # filler soils to
complete the evaluation set of 16. An atteanpt was made to
select four filler soils which were reasonably similar to
the test scils, without duplicating them exactly. Fiqure 2
shows the textural classification and location on the
textural-triangle of all of the 16 evaluaticn soils.

S0il Preparation. 1In order to ensure that the correct
amount of moisture was in the soils, they were prepared
"fresh each day they were to be used. Only the base soils
required no preparation tefore presentation to the soil
judges. 1In order to simplify the preparation process, the
moisture or coarse fragments mixture was always created fronm
100 yrams of the base soil. Of course, only those coarse
fragments which were originally obtained frcm the particular
base soils were added rack to the so0il, After preparation
the soils were stored in an 8-ounce plastic cup sealed with
a water tight 1id., FEach container was coded with a cclor to
indicate whether it was ftrcm a pre- (yellow), mid- (white),
or final-evaluation (red) set, and with a code numkter to

indicate which of the 16 test soils was contained inside.
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Erccedurs
General Procedure

There were twc quite different procedures used in the
five sessions, ope procedure for the three -evaluation
sessions, and one <for the two training sessions. The
temporal corder of session one through five was: Session 1
(Pre-Evaluation); Session 2 (Lecture Training): Session 3
{(Mid-Zdvaluation); Session 4 (Interactive Training); Session
5 (Final-Evaluation), This description c¢f the procedure
will be divided according to the same pattern. First, the
general evaluation procedure common to all three of the
evaluation sessions will ke explained. Next, the general
rationale and sequence of events will be described for the
twe training sessicns. Following these general descriptiocns
of the procedures, each of the five sessions will be
considered individvally in the order actually experienced by
the participants.

General Evaluation Erocedure. All three evaluation
sessions (pre, mid, and pecst), given in sessions 1, 3, and
5, were executed in the same fashion. The judges were run
through the evaluation sessions singly, with the occasional
exception that one judge may have been finishing up while a
second judge was starting. When this occurred the judges
were separated by at least 20 feet and were never allowed to
cormunicate.

The order in which the 16 soil samples were presented
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to the djudge for textural classificaticn analysis was
determined using the following 3 steps., First, one of the
filler soils was randomly chosen as the initial soil.
Second, one soil was randomly chosen from each of the three
groups of test scils, The next 4 soils were vrandomly
selected, one from each of the three test scils and one fronm
the four filler soils., The next U soil samples selected in
the same fashion as were the last 4 with the additional
restriction that the final soil was not a filler. In the
evaluation sessions after the first (i,e,, mid- and final-),
the same technique as just described was used with the
additional restriction that no soil c¢ould appear in the sane
seguential position as it had in an earlier evaluation
session.

After the order of pressntation was determined, a
response booklet was prepared. The btooklet contained 16
ordered pages each listing which soil was to be textured.
During an evaluation session the experimenter ohtained the
container <corresponding tc¢ the number indicated in the
booklet and handeé¢ it to the soil judge, who was tcld te
estimate the percentages c¢f sand, silt, and clay, and to
assess the textural classification of the scoil, In all
cases wWwater, paper towel, a pencil, paper, and a USDA
textural-triangle were available for use during the textural
classification process. After the judge had completed the
textural classification assesswment, the experimenter asked

the judge to verbally repcrt the texture-classification, and
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astimates of the percentagas of sand, siltS, and clay.
These responses were recorded in the booklet Lty the
experimenter. Next the time reguired for the texture
assessment was reccrded, after which the judge's responses
were repeated back in order tc ensure accuratae reproduction
of the intended responses,

Then the judqe was asked to indicate how confident
hesshe was in the texture assessment just given. The judges
were instructed tc make their confidence judgment based
solely on their texture-classification judgment, nct on
their estimates of sand, silt, and clay. The coafidence
response was obtained with the use of a Galton Lbar with a
millimeter ruler or the tack. The bar was 1lakteled at each
end; left end as "incorrect®" texture, and the right end as
“"correct” texture, The judge was told that the end labeled
incorrect texture indicated 100% certainty that the texture
assessment yiven was 1incorrect, While correct texture
indicated that the judge was 100% certain that the texture
assessment given was the correct one. The Jjudge was asked
to position the slider scmewhere ftetween the two ends tc
describe how much confidence hesshe had in the textural
classification given. The resulting value was read frcam the
reverse side of the Galtcn bar and recorded in the Etooklet
with the other responses for the soil. This value was nat
reported back to the judge. Up wuntil this time the judge
was allowed to make changes or corrections in his/her

judgments for the soil which was being assessed. A judge
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was never allowed to see or chanye a response to a soil seen
earlier.

when this was cowmpieted the "used" soil was placed in a
separate container, and the judge washed hissher hand,
Following this the experimenter obtained the soil sample
whose number was next in the booklet, This next soil was
then given to the judgye for texture assessment and the
procedure was repeated,

Each of the 16 soil samples was presented singly as
described above., 2 =soil sample typically reguired alkout 4
minutes for the judge to assess the texture, evaluate the
percentages of sand, silt, and clay, indicating the
confidence in the textural classification, and for recording
of these values. Thus, each evaluation session consisting
of 16 soils, lastad atout 70 minutes, however, 90 minutes
were scheduled for sach evaluation session so that the judge
did not feel any time pressure,

Gengral Training Procedure. The two training grougs
were given training which followed similar patterns in

sessions 2 and 4, First ©both groups received the lecture
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raining procedure, and then the interactive training
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rocedure. The content of the training procedures differed,
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howaver, and represent the two different training progranms.
One group, called the coarse fragments training group, was
given lecture and interactive training designed to reduce

the adverse influence of ccarse fragments, The other group,

called the excessive mcisture training group, received
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training parallel in form to that received by the coarse
fraguwents groups, tut dealiny specifically with the problem
cansed Lty excessive moisture.

Because of the similarity of the two training pregrans,
in the following sections they will be referred to as
training for interferinyg materials, unless it is necessary
to distinguish between the training program for excessive
moisture and coarse fragments, See Appendix for the
complete protocol for Eteth the lecture and interactive
training procedures,

The content of the training programs was developed with
the help of Dr. Bidwell, an experienced socil scientist, The
programs contained what were essentailly reminders of
information the judges were (or at least should have been)
already familiar with.

Specific Erocedures

Pre-Evaluation. Each participant was given a pre-

evaluation prior to any training. The pre-evaluation was
conducted as described above in the general evaluation
section. Based c¢n earlier pilot research, very short
instructions were found to bte adequate. Basically, the
judges were instructed (a) to texture the soil using the
feel methcd as they would typically do in the field, (b) to
take asr much time as they felt necessary, since they were
being timed only fcr my information, ({(c) that high accuracy
was the most important consideration, (d) how to use the

Galton Ekar, and ({e) that scme of the soils to he textured
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would be given to them in various conditions, and that this
was done to simulate counditions which might be faced in the
field. Finally, they filled ocut an infocrmed consent forn
which described the length of the experiment, their rigat to
quit the experiment at any time, and the amount they would
be paid upon the completicn of the experiment. Tha judges
were asked if +tiey had any questions <concerning the
procedure, however, Lecause of their previous experience
with soil texture assessment, only the use ¢f the Galtcn bar
was new to them, and this never caused any regorted
misunderstandings (the

At the conclusion of the pre-evaluaticn session judges
were scheduled for complete protocol of the instructions in
included in the Appendix). the next session (lecture
training) and instructed not to discuss what they had done
with anyone else until the end of the entire project.

Lecture ZIraining. Both of the lecture training
programs, in session 2, consisted of three sections which
were recited to the judge by the experimenter (a set of
concealed cue cards was used to assure that the sanme
instructiocns were given each time). The 1lecture training
required approximately 30 minutes. A different lecture
training protocol was used for the two groups; however, the
structure of the two lecture training programs was made as
identical as possible, Each contained the same numkter of
points and used reasonatly parallel wording.

The lecture training procedure was divided 1into three
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parts. The first part ccntained evidence that the
interfering material actually adversely influenced even the
judgments of expert =soil judges. The second part preovided
the judges with a definiticn of the particular interfering
material. The third, and final part of the lecture training
was a list of seven snégestions designed to reduce the
adverse influence cf the interfering materials. Details of
each of the separate cparts of the lecture training
precedures are given telow.

The lecture training began with evidence that the

particularc interferiny material (coarse frayments or
moisture) was a cause of erranecous texture-classification
assessment, even for expert soil scientists. This was

accomplished with 5 pieces of evidence, each designed to
convince the judge that the interfering material was a
problem. During the lecture presentation of this evidence a
short summary of each piece of evidence was written on a
cardboard sheet ard covered by another cardboard sheet.
Then, as each piece of evidence was discussed, the summary
sentence was uncovered fcr the judge to see (see Figure 3
for a list of the summary sentences). When the complete set
of 5 points had been discussed, the judge was requested to
repeat tack the 5 pieces cf evidence and asked if there were
any guestions. The next section of the lecture training was
used to formally define the particular interfering

material relevant for each of the training groups. Coarse

fragments were defined to be particles in the soil larger
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Figure 3 Evidence used in lecture training to show adverse

influence of interfering materials.
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than 2 om. Excessive wmeisture was defined to te the
presenc2 of moisture altove the amount normally in the soil
when a hand texture-classification analysis is conducted.
In all cases the definition given the Jjudge was consistent
with previous training.

Finally, the 1last section contained seven suggestions
designed to help the soil judge deal with the problem of the
particular interfering material for which hey/she was being
trained., Each of the 7 suggestions was discussed in detail,
and again, a short 1list of summary sentences was shown
simultaneously with the <cral presentation. This list of
summary suggestions is given in Figure 4 for both the coarse
fragments training and the excessive mcisture training
groups, After the recitation of the list of suggesticns was
complete, the judge was asked to summarize each of the
points in his/her own words. Any deletions or
misunderstandings were «ccrrected, and the judge was again
asked if he/she understood =each of the suggestions. Any
additional guestions concerned directly with the training
suggesticns were also answered, After ccampletion of the
lecture training, the judgqes were scheduled for the nmid-

evaluation.



Figure 4

training.

Seven suggestions used in the interactive
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SEVEN SUGGESTIONS TO HELP.YOU
TEXTURE SOILS CONTAINING
EXCESSIVE MOISTURE

. REMOVE THE EXCESS MOISTURE,
,  ROUGHLY ESTIMATE THE AMOUNT OF EXCESSIVE MOISTURE,
,  DETERMINE THE CONDITION OF THE SOIL-MOISTURE MIXTURE,

. ESTIMATE THE SAND CAREFULLY,

1
2
3
L, TAKE A REPRESENTATIVE SAMPLE OF THE MIXTURE.
5
6. ESTIMATE THE CLAY CAREFULLY,

7

' BREAK DOWN THE COMPACTED CLAY,

SEVEN SUGGESTIONS TO HELP .Y 0 U
TEXTURE SOILS CONTAINING
COARSE FRAGMENTS

: REMOVE THE VERY LARGE FRAGMENTS.
ROUGHLY ESTIMATE THE AMOUNT OF COARSE FRAGMENTS.,
EVALUATE THE SIZE OF THE REMAINING FRAGMENTS

. ESTIMATE THE SAND CAREFULLY.

1
2
3
I, DETERMINE THE SHAPE OF THE FRAGMENTS.
5
6. FSTIMATE THE CLAY CAREFULLY.

/

. BREAK DOWN THE COMPACTED CLAY.
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Mid-Evaluatior. The rid-evaluation, sessicn 3,
occurred within 3 days of the lecture training. The sane
preccedure as described for the pre-evaluation was used
except that the judges were briefly (aprroximately 3
minutes) reminded c¢cf +the instructions and the «color of the
soil containers was changed, After the judge completed the
texture assessment of the 16 soils, an appcintment was made

for the next sessicn (interactive training).

Interactive Training. The interactive training

procedure, session 4, involved "hands on" practice of the
sape seven suggestions presented in the lecture training
session. The interactive +training consisted of four
sections, and required approximately 30 minutes to conmplete,
The training began with a review of the seven suggestions
given in the lecture training procedure., The second section
was designed to demonstrate to the so0il judge that the
interfering material caused @LTCOCS in his or her
classification assessments, The third section of the
interactive ﬁraininq procedure consisted of a series of
practice soils containing the interfering material. The
fourth section 1involved an attempt to have the soil judge
gain confidence in hisyher ability to deal with soils
containing interfering material.

In the first section the judge was shcwn the list of 7
suggesticns (see Figure 4) from the lecture training and

then asked to parathrase each of the suggestions. If any of
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the suggestions were forgctten or incorrectly recalled, they
were repeated back to the judge. After this review the
judge was told thet this session would be wused to practice
the seven suggestijons when actually making soil texture-
classification judgments.

The second section of the interactive training involved
the judge assessing the texture of a soil containing
interfering material. The first interactive training soil
was chosen as one which had been texture-classified in the
two earlier evaluation sessions (sessions 1 and 3) when it
was used as a filler soil. The Jjudge's two responses to
this soil were available tc the experimenter at the time of
the interactive training. After completion of the texture
assessment the judge was told that hes/she had analyzed the
soil the first time when it did not contain any interfering
material, Then the experimenter reported to the Jjudge the
previous respcnses which were the wmost disparate with
respact to the current texture assessment values., The point
which was rade to the judge can be paraphrased as follows:
"when you saw this same soil in an earlier session it had nec

coarse fragments (excessive moisture) in it. Then you said

_—_— ———e—_¢ but now you say __ —_ « As you know
these two texture assessmnents should be identical.
Therefore it must be the coarse fragrments (excessive

moisture) which chkanged ycur analysis.”" Using this as a
motivating factor, the judge was told that the remainder of

the session would be devcted to practice in reducing the
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effects which interfering materials have on the accuracy of
the texture assessrents,

The third section of the interactive training involved
the presentation of a set of 3 soils which had never tefore
been textured by the judges. The training technigues used
for each of the 3 soils were similar. First, the judge was
asked to determine the texture of the soil without any
interfering material, Then, the judge was asked to assess
the texture of the soil when it contained the interfering
material mixed in, The pcint was strongly emphasized that
the soil texture itself had not changed with the addition of
the interfering material. Therefore, any differences they
may feel in the soil should not influence the texture
assessment, The same soil was shown two more times with
increasing amounts of the interfering material present. At
each stage the judgqe was asked to estimate the amount of
interfering material ©present in order to further emphasize
its presence, FEssentially the same procedure was used for
the two remaining training soils.

The fourth and last section required the Jjudge tc
assess the textural classification of a scil containing a
relatively large amount of the interfering material, Again,
this was a soil which had been used in the earlier
evaluaticn sessions (as a filler soil), and previaus
responsas were available to the experimenter. Upon
completicn of the judge's texture assessment, the rastanses

were compared to the texture responses made earlier. In
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this instance, the values which were closest to the current
responses were repcrted tack to the judge., This was dcne tc
provide encouradgement and hopefully result in the Judge
leaving the interactive training session with a feeling of
accomplishment. Tle interactive training session required
about 30 minutes ard upon completion the judge was scheduled
for the final-evaluation sessicn.

Final-Evaluation Segssign. The final-evaluation
session, session numker 5, followed within 3 days of the
interactive training. The same procedure as descriked for
the mid- evaluation was used again, except that the color of
the containers and the code numbers on the soil samples were
changed. Following the usual evaluation procedure, the
judges were asked a numker of gquestions concerning how they
rate (using a 1 tc 7 scale) their own ability to determine
the soil texture-classification and estimate the percentage
of sand, <clay, and silt, which of the -sessions and/or
training techniques they felt were most effective, and
finally their attitude toward the experiment and the
experimenter was determined, At this time the Judges were
read a very short debricfing statement explaining that they
would receive a complete feedback package later on. They
were asked if they had any specific questions concerning the
experiment which they wanted answered immediately. They

were then paid the $12.C00 participation fee,
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Feedtack. A feedback package was prepared for each
judge as partial rpayment for his/ her participation. This
was given to the participants after all the judges had
completed the entirte experiment, in all cases within three
weeks of the <conclusion, This feedktack included: A brief
explanation of the rationale behind the experiment; a set of
graphs which were plots of the judye's average responses toc
each soil compared to a criterion value (either a laboratory
analysis or an assessment made Ly a professional soil
scientiste); and, an explanation of how to interpret the
graphs and possibly improve the accuracy c¢f later texture

assessments.
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RESULTS

In the first major section of the results, the raw-
score results (%-of-sand, %-of-clay, and the textural
classification judgments) will be compared tc the hypotheses
which were originally prcposed (see Introduction). The
%-o0f-silt estimates will not be <considered as dependent
measures kecause tte soil judges determine the percentage of
silt throyh subtraction of the ®-of-clay and #%-of-sand
estimates from 100% (see fcotnote 5). The raw-score results
provide tests of the effect of
the interfering materials. The raw-score analysis alsc
provides tests of the gverall impact c¢f the trajining

£

precedures, and the gpecific impact of the training preyraams

_= o

as interacticns with the evaluation factcr. The results
obtained from the confidence ratings and the time measures
will be triefly considered.

To more efficiently test for the impact of training, a
series of difference-scorce analyses, based on within-
evaluation session differences, will bhe considefed for the
%-of-sand, and %-of-clay estimates, and the texture category
judgments, Thus, the seccond section of the results will

include evaluation of the effect of sgils, the ogverall

——— o s i e i

The third major section will be an evaluation of
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difference-score results fcr the individual judges. Twce
approaches are used: A statistical evaluaticn cf ths impact
of training, and a graphical consideration of the impact of
training on the difference-score data.

Because the original hypotheses predicted an
improvement in performance, the fourth section of the
results will detail a series of tests cf the original
hypotheses with respect tc a standard of performance defined
by a professional so0oil scientist and a primary instructor of
the soil judges.

Each of the four sections will te structured following
the same general pattern. A description of the nature and
source aof the data values will be given first, followed by
consideration of the major results, preceeding from general
to specific, 411 results reported as reliatle were

significant at p <(5.

Tests of

'riginal Hypotheses

The results which fcllow in this section are based on
the raw-scores of the %-of-sand and %-of-clay as given by
the soil judges for each of the 12 test soil sanples.
Recall that the desiqn was a mixed factorial with soils,
coarse fragments, excessive moisture, and evaluation
sessions as the within-sutjects factors and training as the
only between-subjects factor, A multivariate analysis of
variance using the %~of-sand, and %-of-clay estimates as

dependent variable was ccnsidered, However, tecause each
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dependent measure was of separate interest, the analysis was
not performed. Hcwever, the statistical tests of training
impact suffer from a number of weaknesses (more fully
discussed in the next section) and will only be tbriefly
considered for completeness here.

Lffect of Soils. 4n elementary examination of the task
suggests that across different soils, the %-of-sand (and
%-of-clay) estimates should be different, Specifically, it
was predicted that the Judges would give different %-of-
sand, and %-of clay estimates for each of the three soils.
This was tested by examining the main effect due to soil.
This was indeed found to te the case for bcth sand and clay
estimates, with F(2,20)=35.78, and F(2,20)=3.96,
respectively. A Newman-Keuls comparison of the three means
showed that for the %-of-sand estimates soil 2 differed fron
both soil 4 and scil 6. Soils 4 and 6 did not differ from
each other, For the %-of-clay estimates, only responses to
soil 2 and 4 differed significantly.

Influence of Interferin
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It was originally
hypothesized that the influence of the two dinterfering
materials, excessive moisture and coarse fragment, collapsed
over sessions, wculd emerge as a main effect on the
judgments of the %~of-sand and %-of-clay estipates,
respectively. For the %-cf-clay estimates both excessive
moisture and coarse fraguwents significantly influenced the
judgments, F(1,10)=8.50, and F(1,10)=21.13, respectively.

This did nct occur in the case of the #4-of-sand estipmates.
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Collapsed across evaluation sessions, neither excessive
moisture nor coarse fragrwents had a reliable effect cn the
sand estimates.

Despite the lack of a main effect due to either the
excessive moisture or the «coarse fragments factors, a
significant excessive moisture cy coarse fragments
interaction was found 1in the %-of-sand estimates,
F{1,10)=9.22, but not in the clay. While this did not
conform ta the specific a priori predictions, it does show
that excessive moisture when conbined with coarse fragments
did influence the %-of-sand estimates. Thus, for both the
h-of-sand and %-of-clay estimates, the interfering materials
were found to have an influence on the percentage judgments,
either in the form of a main effect (for clay) or an
interaction (for sand).

In addition to the predicted influence of each of the
interfering factors as a main effect, it was originally
believed that excessive moisture would cause errors only in
the %#-of-clay estimates, and coarse fragments would cause
errors in the sand estimates. This d4id net occur. Finally,
a significant soil-Lky-ccarse fragments interaction was
found. This result presents no difficulty to the
interpretation of the «critical effects, and is very
reasonaktle from a soll science prespective, However, it was
not of direct concern tc this study, and will not be

considered further.
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Overall Impact of Training Procedures. As discussed
above, it was exrected, and found, that both excessive
moisture and coarse fragments would influence the judgments
obtained in the fre-evaluaticn session, If the 1lecture
traininy which occurred after the pre-evaluation session
affected the influence of the interfering factors, then the
main effects of the interfering materials should be reduced
or eliminated, Similarly, 1f the interactive training had
an impact on the influence of the interfering factors, the
critical main effects should be further reduced in the
final-evaluation session. Taken together these predictions
indicate that an evaluation session-by- moisture and an
evaluation session-by-coarse fragments interaction should
both be present. These interactions did not wemerge as
significant for these interactions in either the either the
#-cf-sand or the 4-of-clay variatles, The excessive
moisture by coarse fragments interaction, fcund in the %-of-
sand estimates, did not change across the avaluation
sessions,

It was further hypothesized that the training progranm
factor should interact with the evaluaticn~ty-interfering
material interacticns, Neither of the two critical trirle
interactions were found tc be significant. Thus, for the
fairly weak raw-score analysis, the training was not found
to have a significant impact.

Finally, there was a main effect due to avaluation

sessions for the X-of-sand estimates which is rather
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difficult to 1interpret in isolation, [F(2,20)=5.68. A
general inspection of the data indicates that the overall
magnitude of the %-of-sand estimates decreased significantly
across the evaluation sessions. No such trend was seen in
the %-of-clay estimates. This result will be reconsidered

in the context of the performance analyses.

s

Confidence and Time Measures. Fer the <confidence
measures three factors emerged as significant, First, and
most critical, confidence increased across the evaluyation
sessions, F(2,20)=3.57; with evaluation means of 55.4, 59.6,
62.3 respectively, Excessive moisture emerged as a
significant effect on the confidence ratings, F(1,10)=8.40,
with a decrease in confidence seem when the excessive
moisture was present, No such effect emerged for coarse
fragments, In addition, soils had a significant influence,
F(2,20)=3.7, with the Jjudges feeling 1least confident for
soil 2 and most confident for soil 1.

For the time npeasure no factors were significant.
There was a nonsignificant trend for less time to be taken
across the evaluation sessions, with means cf 3.1, 3.1, 2.7
for evaluation sessions 1, 2 and 3 respectively.

Difference-Score Aralyses

As discussed zbove, the original hypotheses concerning
the impact of training were evaluated based on the dependent
measures of the raw %-of-sand and %-of-clay estimates., This
approach has the advantage of being straightforward and

simple, However, the raw-score analyses have two serious
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shortconings. First, general changes (eg., the trend to
give smaller sand estipates) which might occur letween
evaluation sessions that are unrelated to the training
increase the error variance and hence decrease the
sensitivity of the analysis. Second, when raw-score data
are used, errors caused Ly the interfering materials may
cancel cut, For exanmple, if the influence of coarse
fragments on the J%~ocf-sand Jjudgment 1is not sStrictly
directional (a likely situation, especially tetween judges),
then an error of +5% made for one judge and an error of -5%
by another judge will cancel to be an error of zero in the
raw score analysis.

These deficiencies <can be corrected using an analysis
based on difference-scores calculated from data within each
evaluaticn session, This technigue has been used in past
research in soil science (Gaeth & Shanteau, 1979).

For these aralyses, the difference-score data are
obtained by using as a standard the percentage estirate
given to the base s=0il (this is done separately for the sand
and clay dependent measures) in each evaluation session.
Then, the absolnte difference between the standard estimate
and each of the otter three estimates given to the same soil
when it contained interfering material is calculated, The
set of difference-scores is determined separately for each
judge and soil in each evaluation sesson. The difference-
score data were then subjected to an analysis of variance

which was otherwise identical to the one described fer the



raw-score data. In addition to correcting the two
deficiencies discussed above, the difference=score
transformation has the added advantage that the influence of
the interfering material can be tested directly through main
effects. This 1is because spaller means fcr the 4~gf-sand

. e s e e —

and the #-of-clay difference-score estimates reflact less

The texture categorization judgments can be analyzed in
a similar way, again using difference-scores. The texture-
classification judgment given to each of the Lase soils is
used as the standard. Each of the texture judgments (in
each evaluation session) for the same soil in the three
other conditicns is then compared with the base. If the
textural classifications agree, then a difference-score is
assigned a value of zero. 1If the textures do not agree, the
difference-score is one, These <zero-one difference-scores
are then used in an analysis of variance in order to provide
a reasonalbkly powerful test of the critical training factors.
Again, smaller peans reflect less influence of the
interfering materials on the texture category judgments.

The %-of~sand, %-of-clay, and the texture category
difference-score data present one problem, hcwever, Because
of the use of one cell in the design as the standard, the
mean of this cell is always zero. Thus a large difference
between this <cell and the other c¢ells usually exists.

Hence, only the effects for the interfering materials are

meaningful.
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After training the difference tetween the responses given to
a soil, toth with and without the Fresence of the
interfering material, should be reduced, The difference-
score analyses specifically test for this type of impact of
the training., If the training had an impact, then one would
predict a significant main effect due tc¢ the evaluation
session factor, Moreover, the means should Lecome smaller
across the evaluation sessions, reflecting a change in the
influence of the interfering materials. This was indeed
found to te the case, for both the #-of-sand and %-of-clay
differences, F(2,20)=4.41, and F(2,20)=3.92 respectively.
The significance of the evaluaton session factor shows
that +the training procedures had an overall impact of
significantly altering the influence of the interfering
materials, However, the main effect of evaluation session
does not guarantee that the impact of the training reduced
the 1influence of the interfering materials. Figure 5
provides a graphical description of the changes in the
evaluation session means, Visual inspecticn of the three
evaluation means shows that the values decreased across the
evaluation sessions, and almost all of the reducticn of
influence of the interfering factors came in the third
evaluation session, (the means from the first, second and
third evaluation sessions were,respectively, 9.42, 9.41, and

5.75 for the #%-of sand estimates, and 6,10, ©5.67, and 3.99

for the %-of-clay estimates. In both cases a Newman-Keuls
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sessions.
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Change in difference-scores across the evaluation

A= saND, @= ciay.
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test revealed that the anly significant differences in the
means occurred between the first and third and seccnd and
third evaluation =sessions. This indicates that either the
interactive training alcne or the cumulative impact of the
interactive and lecture training conbtined to reduce the
influence of the interfering materials.

Overall Impact of Training on th

e Texture Judgments.
The texture cateygycry difference-scores can be evaluated in
the same way as the percentage estimates, Again, if the
training has a significant impact, then a main effect due to
evaluation sessions should be present, This was found to be
the case, F(2,20)=7.28. This indicates that the influence
of the interfering facteors was reduced Lty the training.
Inspection of the texture data indicates that the major
reduction of the influence of the 1interfering facters
occurred after the second evaluation session {after the
interactive training). This trend can be seen in the mean
difference-scores of .56, .54, and .37 for =avaluation
sessions one, two and three, respectively, A Newman-Xeuls
analysis of the means showed that the «c¢nly significant
differences betweer the means were for the last and first
and the last and second, again pointing to the fact that the
ma jority of the training impact was seen in the final-
evaluation session, which followed the interactive training.
This seems to indicate the presence of substantial training

impact after the interactive training.
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Individual Judge Analyses

Previcus research on training has shown that there are
often great differences with respect to the impact of
training on individual judges (Slovic, Fischhoff, &
Lichtenstein, 1977). This study was intentionally designed
so that statistical tests could be made on the raw*scofes
for the impact of training at the level of the individual
judge., In general, the individual judge results for the
raw-score data were cansistent with the group results.

Since training had a significant impact, and reduced
the 1influence 0ot the interfering materials for the
difference-scores, it is of interest to consider individual
judges with respect tc the difference-score data,
Unfortunately, no appropriate error terms are availaktle tc
test these results, Therefore, this secticn will involve
graphical consideration of the individual judge difference-
score data. These results should be thought of simply as
characteristic examples.

Separate consideraticn of the impact of the lecture and
the interactive training can be done by 1looking at the
pattern c¢f evaluation means. For these reasons, the
difference-score results will be considered for individual
judges. This is best done graphically, using the following
method for plotting, Percentage-of-sand and %-of-clay mean
responses are plotted for each of the evaluation sessions,

Lines are plotted separately for the presence and aksence of
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the interfering materials. 1In general, convergence of the
two lines at an the evaluation session indicates that the
influence of the particular interfering material was reduced
by the preceding training. The individual judge data tended
to follow one of four patterns across the evaluation
sessions: Either impact of the lecture training, impact of
the interactive training, impact of both trainings, or no or
detrimental impact of the trainings. The vpattern of the
means across the evaluaticn sessions were visually inspected
for cach cf the twelve judges, on the two dependent measures
(sand and clay), end placed in one of the training impact
cateqories. A count for each of the four training-impact-
categories is given in t1akbtle 3, 1In addition, representative
examples for each of the patterns are graphed in Figures
6-8, It should bLke remembered that these graphs do not
represent statistical tests, but rather are used as
characteristic examples of the individual judge results,
Impact of Lecture fraining. A few of the judges seemed
to indicate that the lecture training reduced the influence
of the inteffering materials. If the lecture training had
such an impact, one would expect that the two lines would
converge toward each other, indicating that the presence of
the interfering factor did not influence their judgment.
For example, see Figure 6 which shows two c¢f the individual
judges who seem tc show a considerable impact of the first
training session as reflected in the second evaluation

session,
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Table 3

Number of Judges Displaying Different Forms of Training Impact

Training Impact

. . S . o —— D O St i ‘o e S S U A e S i it e e -

Estimate lecture IntecéctiVe Both Neither
Sand 2 5 2 3
Clay 2 3 2 5

L. i e e s i i i et e el S AR Y S T b VT Y D YR ) S T S A e S e S . s i

Note: Each Judge was assigned one of the four possibilitigs
based on visual inspection of the graphical results.
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Iopact of Interactive Training. More judjes showed the
indication of an impact due to the interactive training
procedure than to the lecture training, Two representative
exanples are grarhed in Figure 7. The impact of the
interactive training can kLke seen in the «ccnvergence cf the
lines only 1in the third evaluation session (which follows
the interactive training).

Impact of both Lecture and Interactive Training. Some
individual judges show the impact of botn training
procedures, as reflected in a gradual reduction in the
influence of the interfering factors acress Lboth the
interactive and the lecture trainings, and hence a gradual
convergence of the lines ¢cn the graphs. A representative
example is given in Fiqure 8.

Miscellaneous Individual Judge Results. In some cases

the training seemed to have no impact or ©perhaps even a
detrimental impact on the influence of the interfering
materials. A representative example can be found in Figure

8.

Although the analyses discussed atove permit
determination of the impact of training on the influence of
the interfering factor, it is not possible to know whether
reduced influence of the interfering factor necessarily
leads to improvad accuracy, Two different, Lbut apprcpriate

standards of accuracy are available. Because laboratory
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Figure & Twoc judges, one shcwing impact of tcth traimings,
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analyses are expensive gwpost soil djudges are trained to
conform to the standard defined by a soll scientist, usually
the soil judge team coach andysor instructor. This was the
case for the soil judges wused in this study. They had
little exposure tc laboratcry standards. Thus, the first
accuracy standard considered will be defined as perforrance,
and consist of an evaluaticn of the soils as made Ly the
instructor of the soil morphology class taken by the judges.
The second accuracy standard, validity, is defined Lty the
laboratory analyses, The original resgonse data was

compared to these two <criterion, and discussed separately

below,

This section represents an attempt to determine if the
estimates made by the soil judges converged to the standards
defined Ly an expert soil scientist, who was also the
instructor of all of the s0il judges. Throughout their
training the blhasic goal for these soil judges has Lteen to
achieve agreement with an experienced soil instructor. The
judgments of this expert were used here tao provide a
criteria to determine the absolute magnitude of the errors.
Using this performance data, a series of analyses parallel
to those discussed atove, for the difference—-scores, were
carried out,

Effect of Soils. No main effect was expected on the

magnitude of the errors made across the varicus soils. That
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is, the errors were anticipated to be roughly eguivalent
across the three scils. 1This was not the case. Soils had a
significant impact on the magnitude of the errors made for
the %-of-sand estimates, F(2,20)= 3.74, but not the %-of-
clay estirates.

Influence of Interfering Materials. Both excessive

——

moisture and ccarse fragrents were expected to have a main
effect of the magnitude on the errors made by the judges.
The influence of the twc interfering factors differed
hetween the sand and clay estimates. Fer the %-of-clay
estimates excessive moisture had a reliable influence,
F(1,10)=14.33, while neither coarse fragments nor the
interaction of the interfering £factors was significant. In
contrast, for sand, neither excessive mcisture nor coarse
fragments had a significant influence on the size of the
errors, although the interaction LFtetween coarse fragments
and excessive moisture was significant, F(1,10)=8.72.

Again these 1esults were not as predicted. However,
just as in the case of the raw-score results, these data
indicate that the interfering materials had a significant
influence on the performwance, Apparently, for the %-of-clay
estipates, excessive moisture alone has an influence on
performance: while for the %~of-sand estimates excessive
moisture and coarse ifragments, when present together, have

an influence.
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Overall Ippact of ZIraining opn Percentage Estipates.
Because these data reflect absolute agreement with a
standard, the main effect of evaluation session may be
thought o¢f as reflecting overall changes in performance,
Evaluation session was a significant factor in the validity
data for sand F(2,20)=4.85. Changes 1in the means for the
%-of-sand difference sccres are plotted 1in Figure 9.
Inspection of the means cf the three evaluation sessions,
18.32, 17.73, and 12,19 respectively, clearly shows that the
main effect was due to reduction in the absclute difference.
A Newman-Keuls comparison c¢f the three means confirms that

only the mean absolute errcrs for evaluaticn sessions 1 and

2 differed from evaluation 3, As <can be seen, oc main
effect was found for the %-of-clay estimates. was not
found.

Overall Impact of Trainipg on Texture Judgments. The
training had no significant impact ¢n  the judges"®
performance with respect to the textural <classification
data. However, this analysis suffered frcm two proklens.
First, overall the textures were in agreement with the
standard c¢cnly 21% of the time, This may have created a
floor effect in the data. Second, when the textural
classification judgments are transformed into a 0-1 sccre, a
great deal of informaticn is lost. The mean number of error
can be seen to decrease primarily across the second and

third evaluation sessicns, with wvalues, .81 and .74

respectively. The trend seen 1n these means for the
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Changes in perfcreance over the three evaluation
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texture-difference scores acress the evaluation sessicns was
consistent with findings discussed earlier.

Comparison of The Iwo ZIraining Prograps. Again, the

two training programs can ke compared with respect to their
impact on the two interfering materials, As discussed
above, a training-kty~-excessive moisture-by-evaluation
session interactionr and a training-~-by-coarse fragments-by-
evaluation session interaction was predicted. Neither of
these tuwc triple interactions were significant, feor either
the #-of-sand cor %-of-clay estimates.

It was originally glanned that a gfparallel set of
analyses using results from the laboratory analysis as a
standard would be presented and discussed, This turned cut
to be generally unnecessary because of the small difference
between the set of standards given Lty the scil scientist and
the laboratory results (See table 2 for a comparison). The
ma jor disgreement occurred for soil 6 with respect to the
percentage of sand (and hence silt}. According te the
laboratory analyses this scil contained 30% very fine sand,
which was apparently evaluated as silt by the soil scientist
(0., W. Bidwell, Eersonal Communication). Because of the
overall high degree of similarity between the performance
data and the wvalidity data, only the results which pertain

to training impact will ke repcrted here.
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Overall Impact of Iraining of th

s, . s . P —

o
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ercentage Estipates.
The overall impact of training with respect to the
latoratory standard was not significant (F[2,20]=1.14).
That is, the means across the evaluation sessions did not
become significantly smaller. Howewer, the interaction
between evaluation sessions and soils was significant,
f(4,40)= 5.20. This interaction is graphed in Figure 10,
and visual 1inspection clearly shows that the reponses tc
soils 2 and 4 converge to the validity standard, while they
diverge from the standard for soil 6, It should be
remembered that the criteria the soil judges are working
toward is defined by the scil scientist, and only indirectly

by the laloratory.
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CLISCUSSION

The first section of the discussion ccntains a brief
summary of the results.. The second section is a brief
description of four limitations which should be imposed on
any interpretation of these results., The third section ot
the discussion briefly outlines psychological implications,
while the fcurth section is a consideration of some general
suggestions to decisions makers. This is followed by a
series of suggesticns specifically aimed at the task of soil
judgment., The sixth section presents general comments and
outlines a number c¢f possitilities for future research. The
last section of the discussion summarizes the major
conclusions which may be drawn from this study.
sSummary of Results

Four major results emerged from this study. First, the
raw-score analysec showed that the djudges responded
differently to the different soils, thus indicating that
the judges were able to discriminate among the soils.

Second, based on both the raw-score analyses and the
standard-tased analyses, interfering nmaterials influenced
both the percentayge estimates, and the texture category
judgments.

Third, the training had the impact cf significantly
reducing the influence of the interfering materials. This
effect appeared to concentrated after the intsractive
training.

And fourth, reduction of the 1influence of the
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interfering materials was accompanied by a convergence to a
standard of fperformance defined by an experienced soil
sclentist.

Limpitations

At least three limitations should be considered tefcre
any conclusicns c¢an ke discussed. First, although
experienced, the participating soil judges certainly do not
represent the highest p[pcssiktle level <¢f soil science
expertise, It 1is not intended that the results discussed
here should necessarily be generalized to those experts.

Second, the =ample size ¢f the soil judges was quite
small. TIn addition, the sample was very homogeneous Lecause
all twelve judges had teen trained ty the same soil judge;
they were all enrolled in the same soil worphology class,
and they were all at essentially the same level of
exferience. Thus generality, even to other student soil
judges may be limited.

Third, the so0il samples were purposely not chosen tc
reflect a diverse collecticn, and in fact represented a very
linited range of textural classes, This may restrict
generality to other scils. In addition, the so0ils were
presented tc the soil judges indoors, under artificial light
{s0il textural <classification 1is normally done out-of-
docrs), and without the wusual contextual cues (eg.,
surrounding landscape, other scil horizons, etc.). Although
these limits on the so0ils may well have influenced the

overall performance results, it seems quite unlikely that
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the influence of the interfering materials and the impact of
the training would be affected.
Psychological Implications

It seems reasonable to begin this section by repeating
the three important gquestions addressed 1in this study.
First, is there any evidence that the irrelevant materials,
which have thus far been «called interfering, really deserve
the title? Second, what impact did the training, which was
designed to reduce the influence of the interfering

materials, have? Finally, did the training result 1in

improved performance?

Yere the  Irrelevant Materials Really Intecfering
Materials? One of the most critical aspects of this

investigation concerned the extension of previous laboratory
findings indicating that irrelevant information may
adversely influence human judgment in "real world" judgment
situations. The answer tc this <question, based on the
results frcam this study, is yes, However, the relaticnshig
it kEtears to other research ccncerned with irrelavant
informaticn 1is ccmplicated Ly the explicitness of the
design. In mcst earlier research dealing with
nondiagnosticity, the irrelevant dimension was not
specifically contrclled and tested (see Troutman & Shanteau,
1977, for an exception). For exawmple, in studies on the use
of simplifying heuristics conducted by Kahneman and Tversky
(1973), they showed only that the irrelevant information

changed judgments qualitatively. They did not investigate
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thé magnitude or directicn of the influence. Because the
irrelevant factor was of direct 1interest in this study,
tests for its influence wer= more explicit than in earlier
research. Despite the result that the interfering factors
of excessive moisture and coarse fragments did not always
emerge as main effects, in all cases the irrelevant factors
had some definite and significant influence. Specificaly,
for the #-of-sand estimates the two interferiny materials
led to a significant interaction., While fcr the %-of-clay
estimates the irrelevant materials emerged as significant
main effacts,

Thus, to summarize, the a priori hypcthesis that the
irrelevant materials would influence judgments was directly
confirmed for the clay estimates and indirectly for the sand
estimates. Thus, it 1is rpossible to <conclude that the
irrelevant materials did influence the jugdment of the soil
judges and may appropriately be called interfering
materials.

Because of the somewhat inconsistent influence of the
interfering materials (i.e., both main effects and
interactions), since some concern may be expressad over the
lack of agreement with previous studies of nondiagnosticity,
It should &Ete noted that if +this study had considered only
the qualitative influences of irrelevant materials, the main
effects and interzctions would have been indistinguishable
{Kahneman & Tversky, in press). In this case the results

would have bteen conmpletely consistent with earlier research.
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It has been =shown that the interfering materials thus
chanye the estimates made by the judges; Ltut perhaps these
materials actually make them more, rather than less
accurate, Consideration of the performance data indicates
that this is not the <case, That 1is, ccmpared to the
judgments (both percentage estimates and the texture
category) made of the base so0il, the soil judgments diverge
frem the performance standard when coarse fragments or
excessive mcisture (or Ltoth) are present. This can ke seen
in Figure 10, which shows the relationship Letween
performance and the presence of the interfering factors.

Insgpection of Figure 10 may alsg provide scnme
explanaticn as to why the two interfering factors produced a
significant interaction fcr sand percentage judgments. The
performance did not lecore worse when the two factors were
present together; rather, the performance improved. Twe
explanaticns for these interesting results seem plausible.
First, it wmay be that when the two interfering factors are
present together, the soil judge is simply "extra careful."
#hen the judges were gquestioned after the completion cf the
experiment a number 1indicated that when the soil contained
both of the interfering materials, they were especially
difficult samples to texture-classify. A second possibility
may be that a ceiling effect occurred, and when both factcrs
were present the judge thcught mit feels like x% of sand,
but that is Jjust +too wmuch, so I will cut down <¢n nmy

estimate.,” These explanations are worthy of future
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Influence of excessive moisture and coarse

fragments on performance across evaluation sessions.
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research.

Did the Training fHave any Impact? The overall impact
of the training programs was evaluated in a number of ways.
The raw-score analyses did not provide evidence of training
impact. This may have fteen due to the prccedure used to
test for the impact of training in the case of the raw-
scores, The power of the tests used to evaluate the
training impact was 1limited for three reascns, First, the
critical prediction used to measure the impact of training
was a three-way interacticn having only 2 degrees of freedon
in the numerator. This is a very limited test. Second,
when the analyses is conducted on raw-scores, the direction
of an error becomes a factcr and errors may cancel to zero,
as discussed in the results section. Third, changes which
OCCUr across the evaluaticn sessions, which are unrelated to
training, tend to inflate the error terms and again reduce
power.

These three rrotlems were remeded through the use of
difference score analyses based on absolute differences.
All three of the difference-score score analyses (the A-cf-
sand, %¥-of-clay and textural classificaticns) point to a
significant impact of training, These analyses, Dbased on
within-sessiaon difference scores, reflected what might most
appropriately be called a <change in the influence of the
interfering factors, In these instances, the influence of

the twWo interfering factcrs is reflected in their tendency



to produce different resgcnses to the same soil when it
contains interfering factcrs. Training resulted in a
decrease 1in this +tendency across the three evaluation
Sessions. Further, as shown by all of the Newpan—-Keuls
comparison of the means discussed above, this reduction is
seen primarily after the interactive training, in the last
evaluaticn session, ©Parallel results are seen in the %-cf-
sand, %-of-clay, and the texture-classification judgments,
strongly pointing to impact of training after the
interactive training. Althcugh these dependent measures are
partly related, the <c¢onsistentcy of these results
considerakbly 1increases confidence 1in their reliakility.
Thus, based on these results, it is reasonable to conclude
that the training did reduce the adverse influence of the
interfering materials.

Consistent with the result that training reduced the
infnuence of the interfering materials was the significant
increase in confidence which occurred across the evauation
sessions, This supports the notion that as the influence of
the 1interfering materials is decreased, the judge's
confidence appropriately increases, This relationship 1is
only correlational, howecver.

Did Training Iwprove Eerformance? Together these

£y ——— i — —

results allow for the conclusion that training did reduce
the 1impact of the interferiny materials. But did the
training necessarily imprcve the performance? Consideration

of the accuracy analyses confirms this. There was a



96

significant increase in the agreement with the standard for
both the percentage estimates across the evaluation
sessions. And, although nonsignificant, the same trend was
seen in the texture-category judgments., In both cases, this
occurred oprimarily after the interactive training as
reflected in the third evaluation session,

In summary, the training procedures did 1improve
performance, and the inmprcvement occurred primarily after
the interactive training. The question as to why this
improvement was seen only after the interactive training is
of great 1interest, both theoretically and practically.
Unfortunately, as was known before this study was run, it 1is
not possitle to separate qualitatively four guite different
explanations,

First, the procedure used in the 1interactive training
even isolated from the lecture training may be the cause of
the reduced influence of the interfering materials and the
subsequent improved perfcrmance. This would be consistent
with the noticn that interactive training is more effective
than simple lecture warnings (see, for example, Hammond,
1971; Slovic, Fischhoff, Lichtenstein, 1977).

A second possibility, which would explain the impact of
training seen only in the last evaluation session, depends
simply on the repetition of the lecture training which
occurred as part of the interactive training. This would be
consistent with the results of Bruno and BHarris's (Bruno £

Harris, 1in press) research in which repeatad Llecturs
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instructicn alone was found to reduce susceptikility tc
implicatiaons.

Third, the correct reason for the training impact may
be a combination cf the two explanations given atove. It
could te that neither lecture training nor 1interactive
training alone would bLe successful, but tcgether they
interact to achieve impact.

Fourth it is possible that the change in accuracy is
unrelated to the training sessions entirely, and simply due
to practice which occurred during the evaluation sessions.
This latter explanation dces not seem likely, however. In
addition, when the <changes in validity {tased c¢n the
latoratory analyses) of the filler soils are considered, no
significant reduction in errors is seen, F(2,22) = .43 for
sand, and F(2,22)= 1,82 for clay. Means for the three
evaluation sessions were 11.63, 11.73, and 12.81 for sand,
and 7.94, 9.96, and 7.67 for clay, respectively. Tuis seens
to indicate that simple practice effects are not responsible
for the training impact.

ning 2rograus have Differing
Inpact? A fundamertal a priori prediction stated that the
two training programs (ie., for coarse fragments and
excessive moisture) should separately have 1impact on the
influence of the two interfering factors. The accuracy of
this predicticn was resoundingly disgproved. It is
encouraqging that the training procedures have generality

across similar interfering materials. There was evidence
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that the different training programs each decreased the
influence of coarse fragments and excessive moisture. It is
not known why the training programs had such general impact.
The reason for this unusual finding must await future
research, however, 15 possible to speculate on a possitble
reason for the lack of specific training 1impact. There is
no question that all of the judyes were aware of koth of the
two interfering materials when present in the soil. Lt
seems quite 1likely that when a particular judge was given
training for one of the interfering factcers, say coarse
fragments, that hesshe was immediately aware of the presence
of the other factor as alsc being interfering. Then,
because the two training programs were so similar in fornm,
and to some extent in content, the seven lecture suggestions
and the interactive training given for the coarse fragments
may have carried over quite directly tc the excessive
moisture factor, Conversations with the scil judges after
the experiment confirmed that in all cases +thay were aware
that the factor that they were not trained on was alsc
interfehing. However, in most cases they had not explicitly
attempted to use the suggestions to help them with both
interfering factors, This explanation could te tested by
including other interfering factors which are 1less otvious
{such as organic material) and/or by making the training
suggestions more specific to the interfering factor and

thereby reducing the chances of carry-over,
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Inplicaticns for Applied Judgments

The results of this experiment can be utilized toc apply
to "real world" decisiun making. First, the Jjudge should
recognize the possibility that something which he/she knows
should ke ignored as nondiagnostic may still be used as part
of the decision process., It is very easy for the decision
maker to say "I would not do that"™; hcwever, evidence
suggests that it may ke cthérwise. As demcnstrated in this
study, an experiment can Lte contructed which systematically
explores the use of nondiagnostic informaticn. This type of
demonstration may help decision makers disccver that they do
use the nondiagnoastic infcrration.

second, if in a particular judgment task, an irrelevant
dimension is found to have an adverse influence, 1t appears
that the influence may be reduced through training
consisting of lecture suggestions andyor interactive
practice, Because the training procedures wused in this
study do not rely cn outcome feedback, their implementation
should be fairly e€asy in cther areas. For example, it is
suqgested that the Jjudge be confronted with a series of
stimuli which both do and do not contain interfering
material, Then wusing scme type of blind presentation
system, the stimuli are judyed. From the responses to the
stimuli, the Jjudge can then determine 1if the 1interfering
material is adversely intluencing hissher judgment. Tf this
is indeed the case, then the stimuli can be used for

interactive practice in a fashion similar to the procedure
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used in this experiment.
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Inplications fo

The results of this study can te directly applied to
problems faced by soil judges. First, because both coarse
fragments and excessive moisture were shown to interfer with
the accuracy of the texture-classification judgments made by
the soil judges special care should be taken when such soils
are judged, This may include the rprecautions and
suggestions develcped in this study, 1in addtitiocn to
techniques used by individual judges. As discussed
previously, it would Le r[possible for the soil judge to
create a collection of soil samples similar to the one used
here and perform their own individual training.

A second implication for soil Jjudgment pertains tc a
more general problem, Judges from a wide variety of area
seem to have a ccmmon proklem of overconfidence 1in their
judgments and judgmental atilities. An important aspect of
this study is that it was dermonstrated that materials which
are irrelevant to Jjudgnments may interfer with the accuracy
of a judgment, whether the judge is aware cf it or nct. 1In
the specific 1instance of soil judgment, it appears to be
important that the Judyes are aware mnot only that sonme
materials are irrelevant, tut also that they, themselves,
may be adversely irnfluenced by the irrelevant information.

Lastly, the difference between the performance results
and the validity results, almost exclusively caused bty soil

6, is striking. 1This demonstrates the irportance of the
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choice o¢f a standard. Eeriodic retraining, based on a
laboratory standard, is 1aperative if the soil judge is tg
remain accuracte. It is especially important in preparation
for soil judging ccntests that the judges are trained using
the same standard as will ke used in the competition.

General Comments and Suggestions for Future Research.

e o o o ———— S ————

Based on this and other findings it has been shown that
information which 1s irrelevant to a particular judgment is
not always ignored, Ltut rather may 1interfer with the
judgment. Specifically, in this study it was found that the
interfering, but irrelevant, materials of coarse fragments
and excessive noisture may adversely influence soil texture-
judgments, Theretore, an important direction for future
research would be to investigate how widespread the problen
of 1irrelevant information is for experienced decision
makers, OCne contribution of this study is that it provides
a successful way in which to measure the influence of
interfering factors through the use of a systematic design.
This was accomplished by including the interferinyg materials
as a within-subjects factor, allowing the researcher to
gualitatively test for the influence of the irrelevant
dimensions. This approach should ke relatively easy to
apply to other content areas.

Assuming the presence of adverse influence due to the
interfering factors, the question tecomes what can te done
about it? Despite the gereral lack of a specific training

impact fcund in many Jjudgment studies, the approach used
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here succeeded in bhkoth reducing the influence of the
interfering matericls and in improving the tperformance of
the judges, possibly thrcugh reduction of the influence of
interfering factors. Two general properties of the training
procedures used here are worthy of mention and future
research.

First, the influence of +the interfering factor was
reduced ty simply making the judge aware of the interfering
factor, This may seem countertintuitive, because if the
decision maker is to ignore irrelevant infcrmation then one
might imagine that the training should stress what the judge
is supposed to pay attenticn to. In contrast, the training
employed here depended on not only making the -dudge aware of
the irrelevant material, but also giving some specific
directions as to how to eliminate any adverse influence of
the materials by adjusting cognitively and perceptually.
This is not unlike the situation faced by explanaticns ot
selective attention; how can an ohserver choose not to
attend te a stimuli without first attending to it at some
level? Perhaps the soil judges in this experiment learned
how not tao be influenced by the interfering factors by first
attending to them and then learning how “not to attend,®
What is needed is a move toward the development of a theory
of nondiagnostic interference. Because of the similarities
between selective attention and the influence of
nondiagnostic information use of the theories and research

on selective attention may be a valuakle aid in the
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development of a theory of nondiagnosticity.

A second property of the training used in this study is
its wunigue lack c¢f dependence on feedback, No validity
feedback was given, and cnly a limited amount of 1"self-
reliability” feedback was given in the interactive training
session, Both of the training procedures were dependent
upon only lecture suggestions and having the judge practice
on identical soils both with and without the «critical
irrelevant factor, Thus, this training may be viewed as a
self-help program in which a criterion is not necessarily
ignored, This 1independence from a critericn increases the
possibility of effective generality to cther applications
and decison making problens,

Third, the problem c¢f separating the impact of the
lecture training £from the interactive training is an
important o¢ne for future research. A study designed to
tease apart the effects of the two training procedures could
easily ke devised., The mcst obvious approach would invlove
a three-grcup extension of this study, 1in which lecture,
interactive, and nc training is given indépendently to each
group, This design would allow separation of simple
practice effects, the lecture training prccedure, and the
interactive trainirg procedure.

Another worthwhile direction for future research would
involve determination of the duration <¢f the training
impact, First, the questicn of how long the training impact

remains could easily ke answered wusing a series of fcllowug
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studies, If some impact cf the training is lost (quite
likely), then a related question would be what 1is the most
effective type of retraininj? Vvarious forms of retraining
might be attempted and tested. For exanmple, if is shown
that interactive training has the greatest impact, but that
the impact is lost over time, it may ke possikle that
retraining can be acomplished using only lecture training.
Or, tecause outcome feedlback is not a necessary part of the
training used here it may be possible to teach the judges
how to use lecture or interactive training technigues to
retrain themselves,

Three important conclusions wmay be drawn from this
study. First, "interfering materials*" do, in fact, interfer
with soil djudges' assessment of percentages and textures.
Given that this is the case, soil judges should be made
aware of this and also be taught techniques to avoid the
adverse influence on the interfering materials. In
addition, this result tprovides further evidence that
nondiagnostic information adversely influences the judgment
of even experienced decisicn makers.

Second, the interference of the irrelevant materials
can be reduced through lecture and interactive training
procedures, It has teen repeatedly shown in Fpast research
that strictly verbal (i.e., lecture) training is not
adegquate as a training technique (for example, see, Bruno,

in press; Hammond, 1972; Slovic, Lichtenstein, & Fischhoff,
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1977) . These findings were repeated here. However,
encouragingly, the comtination of lecture and interactive
training used in this  study provided significant training
impact, The demonstraticn of a successful training
procedure outside the laboratory is especially interesting.
Third, reducticn of the interference cf the irrelevant
materials can be acconplished through training. And, at
least in this case, reduction of the adverse influence of
the interfering materials resulted 1in imprroved accuracy.
There is an increasingly large tody of literature
demonstrating the adverse influence of irrelevant
information (see intreduction). Reduction of this
influence, in itself, would be interesting, but would not
necessarily yield a worthwhile tool for training decision
makers to make better Jjudgments. However, the evidence
provided here, shcwing that reduction of the interference
caused Ly the irrelevant information 1leads to increased
accuracy, may provide a beginning for improved procedures tc

train experienced decision makers,
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Fcotnotes

lPersonal communication with James Shanteau, May 25,
1980 concerning preliminary results of G. Nagygy's Doctoral
disseraticon, Kansas State University.

2The author wishes to sincerely thank Vernon ﬁamilton,
of the USCA Soil Ccnservation Service, for the consideratle
effort he expended to prcvide four soils containing coarse
fragments which ewere used in this experiment.

3The soils were analyzed by the front range laboratory,
Fort Collins Colorado, 80522, using a pipette analysis as
descrited in ASA Monograph #9, Pages 562-565, The organic
material was destroyed using hydrogen peroxide, The
technique is described in ASA Monograph #9, Pages 573-574.
In addition, three of the filler soils were also analyzed by
the National Soil Survey Laboratory in Lincoln, Netkraska.
This was dcne to check the validity of the Front Range
Lakboratory, which is a private laktoratory. The average
ditference between the analysis for sand, clay and silt was
only 2%.

*The level of excessive moisture was selected with the
help of Dr. O. W. Bidwell, Soil Scientist, Kansas State
University ., For each of the test soils the particular
level of excessive moisture chosen was picked to relect a
level akove that normally used when so0il is hand texture
classified, but still ke a level which might reasonably be

encountered in some field situations,
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SThe silt estimates will not be considered in the
analyses. The soil judyes all deterrined the silt estipates
from through subtraction cf the sand and clay estimates from
100%. In additiorn, these 1s no accepted procedure for
determining the amount of silt in the soil using the feel
method. All of the Jjudges reported calculating the
percentage of silt by subtraction., Thus, the silt dependent
measure is both statistically and psycholcgy dependent on
the sand and clay estimates, and was felt tc be a relatively
uninterpretable dependent measure.

6The %-of-sand, silt, and clay and the texture-~
classficiations were determined by Dr. O. W. Bidwell, soil
scientist and prcfessor, XKansas State University. He is
primarily responsitle for the training of the soil judges
used as participants in the study. His validity has been
previously tested against a laboratory analyses, and had

been found to be quite high,
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ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



Insczuctions far the Ivaluation Sassicus

La chis session [ would like you =0 decermine the taxturz of i number 3E
soil samples. You will He asked %o teulturs 3 numder of soils ia wvarisus <so-

dicions. This is designed to simulate: field situacioas. OCo zZhe Hest you zan

with 2ach soail. Yau should assess the texture of sach so0il individually, and do

a0t look back at vour 2arlier raspensas.
Tou will recard vour rasponses 23 2agh s0il ia reur daaklat (hera). Could
you £ill in che requastad infarmatian sn ghe second dage {(wait). Thank vou.

Do no= tura the page uncil lasecruccad 2o 49 sc.

Tog will use your beooklerf to te2ll you which $0il 2o zexture. The 9nfainar

Esr each soil saavle i3 aumberad and vou should zmatzh this aumber wizh the 2ne
ia the upper right hand cornder of aach page 2f the Zooklac. éace you Zind
the soil sample whose awumber zgpgears ia She righc hand corner you should wrice
down the time you begin 2o zextura it. Thers is ng cime limiz, ia factc you
should cake your time and 2e as caraful is possibla. Afzer wriziag down tha
zime, you texsurs she soil La the soncalner. You may use the wagar dozitle,

.

acid boecczle, and the cexture zriangls provided. I would like you 2 wrice
in hoenh an assassjmenc of fhe saxtuyra classifizacion of cha seil znd rour 28~

.

cinacas o9f the pevsencags 9f sand, clay, and sils. There will bSe spaces zrs-

7ided co wrice these respomses in vour Doaklasz.

£

Alsa, Zar eagh soll you zaxzurs I would Llike weou 3o indiczcs how suve

you are that your zaxzura classificaziocn L3 cavwyset. We will 9e askiag rou

1

to mzke a3 probabilizy scacameas Jn Row likely you thiank iz is zhat you nave

made the carrect zaxture clagsificacion for that seoil, Could you zurm the

-~

page plezse. Ta
zark oun :he line

the lei: 2nd and

indicacs how surz you arza of yaurzr

vou se2 hera. The lipe Is =matvizad

"Defipicaly Coarract" on the righo

Jacauge we irse asking you &9 2ake 3 prababilicy sza

taxzura you will slace a

1 ‘l

Tefinizaly Wraag' a:

and, a3 you gan sae.

camsnt lonsidar :tha
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Definitaly Wrong aor la2fc and to mean that thera is 0% chancs that your caxture
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assessment is corvecz. Th righc #ad means thac you ars
100% cerzain chat your taxtura igsessaent is zorvecz. The zmark in che middle
zarraspaads we a 3QN seint.

To familiarize you with usizg this line could you put 3 mark where vou would
if vou Zfeel that your taxture classification has a 757 chance of 2eing zorrscs.
Goed. NMow could you surn the page please. Cn this line, put a zari whers you
would 1f you fael your cexcurs classificzacion has a 13% chancz aof 3eing cacTact,
Gaod.

How turn the page and we will practice recording all of the informacion Lnco

the booklearz. Firsec, look in the uppear rizht hand corner aad sae the soil as anm

axamplz2. Noraally chera wauld ha a number zhere o tell you which soil 290 taxtura.

Suppose you hegan ¢o saxtursz che sail ac $:33. Could you wriza iz in. low
imagine you Zextured zhe 501l and decided ic was a silcy slay leam, wish 9% sand,
417 sile, znd 30% clay. Could you record zhese resgonses in your dookles. Alse,
you feel thas ic Rhas a J0% chanmece 3af Heing the corracs zaxsurz. Could you =matk
the line as vou wauld. WVery gcod. Thea you finishad ac 3:41, Could you wacord
thae.

When you have finished wich a soil sample put the 591l in the concainer
marked with the same number which (s behind che firsc container. Then you 2@y
use zhe sink and paper towals 22 clean up Yefora you go 9n 30 the nexs sampla.

Remember £o taxzure she soll whose qumber is {n che upper rigzht hand cor=ar
of 2ach page, te writa in che szarziag and finishing cime, and ta Ha sura the
sercantages of sand, clay, and silz add up o 10O%.

D¢ you have any quescions? Afzer you Rave Iinished with 3 3oil sampla and
claaned up move om ©3 the aext page ia your dooklec. 2l2ase do nec lsok ack

at your 2arlisr respousss. Taxtuyre 2ach soil individually plaase. I you have
7

na quesTisns you may Segln by =urming zhe Jage and zaxtyring the soil whaose
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aumber appears ia :he right hand corner. T will 5e hera 2o answer aay Jues-

ticns whieh zizho ccme up.
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I've Jeen scudving low soil scisnciscs use the Z2el neshed of soil caxzurza slais-
3ificacion for sevaral years aow. I have Jound that the overall acsuracy of zaxiurs
judgmencs is generally guiza high. However, whan 2isctakss 3rs zade chay sa2em alian
to be due 29 zhe prasance of axcessive meisgur2 ia tha seil. Nacurally, che zoiszure

shouldn'z r2ally change che soil texcura az all. Wwhaz [ would lik

a
zodav ares some of the characcariszics 9f 3ccessively =oist 39il and scme of 2he

zethods which aighs Se used 23 taxfurs zhesa sofls. I am sgecilizally incerasizad
in discussing Row you aizhs go abous icsuracaly assassing the IaxIur: 9 axcessiva-

Ly =mo0isc soils.
We will gzo 2ver zhTze fhings ia this sessicn.
7ou some avidanmce that sxcassive

o
alassificacions dade 9y axparts, Second, we will disquss wnat ax

n
13
@
u
o
i
[
1

15 defined 22 He, and how you 2ay o a2out racogaizing 1
thizd, we will discuss seme ifeas whizh you aizhe find pevscnally usaful 23 help

avoid prablems in iudgmens caused 3y axzassive loiscura.



JEMONSTRATION OF THZ PRO3LIM WRICH IMCISITVE MCISTURAZ Calsis

Now we will dicsuss Iive pilacas of 2viiance 2a zhe influence caused Hv ax-
cassive moistura inn seil. Fopefully vou will 92 caoavinced chat =moiszure ises
indeed affacz :1Re a3cuzacy of she s3il zaxzure judgments. Hara i3 a List {(zoing}
af czhe five jzoiacs; veu can follow alcag an :xe lisc.

X557 has one of che bes: soil judging zaams £fa the counity. Tec, when 2he
regional compecizion was held ia Towa lasc fall chair periavmanc: was nol is
good as we had hagped. IJne 3kvious Jrzcliam Jur Taam facad iz
soil condizioas chera werz wvary <iflaren: Irsm zhe soils chey arac
i3 Xansas. One zajor iiffazenc2 was zausad Ty Ihe Iloodiag 3 she soil ziss.
Thera had %een R2avy ralns 2nd many o9f zha so0ils used in zhe zamge
agtually underwacaz. A3 vou zan imagina, Inasa soills wers axcessivaly zolsz,

wersa a fumoer cf ache

]

Dr. 3idwell and T have discussad =nlis ;::bleﬂ and wa :hink chae, alzdhcugs chars
2

"
e
o
n
a“
0
"
w
™

had in lowa, cerzainly evcassively zosi soil wvas

-

Rasently I spoka -

0

Lab in Limeala. He Zal:
2013t appear €3 ciause s0il surveysrs scme diffiguliv.  Za suggeszad thaz sail
scienciscs should z2ake special zare when ‘udging Ihe Zaxsurz 28 a sail whizh is

excessivaly 3cisz. {(Pausa)

Also L've lcoked at jublished avticlas in soil 3ciamce jsurnzls whizh daal:z
wizh this prodlam. I have found we arzislas i whizh ao0iszuze was sonsiderad
as a possible soursz of 27T7ars. Ia cne article the auchors fal: tha:t =issakes
in caexiura classilicacizns wera ganerally due I3 2xsTanecus zatarials in the
so0il. OQf coursa, 3xcassive moistura L5 ag exiTanaous macarial. Iz a similar
scudy angcher grsup of rasaarzhers fgund thac aven when :he seil surverysrs iriad

ta allow Zor che prasemca of axcraneous —acariials, such 23 axgassiva maisiurs,
iz sgill czused arTors in the Zaxiurs classificacion judgmen:s. (Pzuse)

I have iust zomplaced i susvey of Xansas soll sclencises asking thaz Iov
their opinisn acoul X2 adversa inflgence oI excessive 2oisturs.  Thase 3oil
sclancises wartk Sar the USDA and aza all quice axparianced iz fecarmial 3 2

zaxzure af soil im cha Fiald. T asked zhen =3 indicacta how auch iazazdorzace

O

was zausad Sy axcessive zoiscure, 9a 31 scalz from L €0 7. AsS you an =22 Ile
{ncerfarance 37 zmiscure was consiscancly rated as aignh {snow zadle), wizi 2 zean
ef 5.2. Thus, these scil sciencisss defiaizaly Za2l: inaz zciszsure adverssaly
influencad zhair zcafassional judgmenzs of the taxzure of s2il ia zhe Ilald.

(Fause)
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I have racanzly analyzed tha daza collazzad Isv tha published Joil Survrev
Jescripcion of famsas. As ydu may know, this contains laformaltion 3f Boch zhe
surveyors' decermigacion of the soil zexiure Ln che Siald and zhe lad analrsis of
each soll. I was {ncarestad in somparing zhe faxtura desarzined ia the fiald wi:z
the cexcture analysis abtained frza zhe lab. I have grapned a zsneral vaprasanti-
cion of the ralacionship bSezwean zhe percencage of moistuzrs and zhe number of arrors
(show gragh). Yoy can see that as the perseancage 27 noiszure goes up, 53 43 the
aumbar ¢f arrovrs i che texiure classificacizas. Roughly, when Zhe moisfurs raazhasg
a level af 30X che surveyors make 2 aisZake over gne-zhicd of zhe tiza, You zan
izagine whaz 2WLFAT Rappen wnen the zerzancagse of zoistura gzets aigher than zhis,
Does :this grash maka sease 3 you!

We nave just discugsed evidansze showilng chas awsassive 20:i3Iuwre Teally does
cause diZficulzleg in =aking aczurasz soil saxtura assessments. Look sver 2his

ist af ghe avideace which sumzmarizas these poinzs, I'4 like 23 saview zhex

sreilafly. Firsz, chere 1s :the experienca of ihe sail ju t3an {2 lowa. Ra=-

n
3]
A
H
o W

member they had soasidarahla difficulny with soils whizh had 2wecessive zailszurz in

-~

"
t. Thea I indicaca2d zhac Dr. Folzhey Irom cha Hastional lad has agTaed 2has ax-~

cesgive =oiscturs was a likaly cause far arrses in faxguore slassifications, even

by exper: survayers., we also calkad apeut 3cil sciancgs resaarzh In wihleh che

H

authors indicazad zhac they felz that a2xcessive molszure 2ighz %e 4 zause of

rem

some af she ervars Jound in thelr ssfudias. Nex:, sxperianced J30A soil seisnzis:zs

tald am {n ay survey thac incerferzace {rsm excessive zolsiura was quizs higa.

Tlaally, we looked ac 3 cough zraph 2% daca frz3 the Xansas Sail Cescriziicn
and saw that as che persenzage of zoiscure foes up s3 <oes ke auzmber 3f Lngsz-
racs zaxtura clagsificacicns. Do you have aay quescsions ijous these zginfs af

avidence? ‘ould you like za 209 39 aver aay of thea szaia?
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DEFINITICH OJF ESRNCEISSTVYELY WCTIST SQIT AND WAl 70 LCCK ICR

As I am sura you already know, axecassively nosisz seil L5 soil which
chan field <ajacizy. Jyst o rairesh your memory, Iiaid capacity is the 2ol
lavel of zhe s9il you cyplcally achalave wnen you assess zsxcura.  Any soil s

wnich zoncains 3ore moiscurz than Ii21d capacity 15 zomsidarad iz De 2xgessi

w

noist. Does 2his agrse wizd your underszanding! (Yas-Good Ye=Zlan you ac:z

chis definizian? Iz is she one curTamely usad).

Alchough the dafinicicn of exzessively zoisc saill is sasily scatad and

stood thersz is zore zhat I would Lika you £o zomsider, Tha goin: I would li

you o consider relactes o the pnysizal jraperzias of the soill-molscturs =ixs

Lt 13 aoc unusual for chera 1o be cansiderabla diffarancas in the amouns 3¢

n
moiscure in 02 39il. 3ome sorls 233 have as zuch as 33X =moiscurse ia thaea.
zhis rsason [ would like you %2 specifizally 2ay azzasziza 295 ina amcun: af

in the seil samzle.

3Iu4rs

ungarn-
X2
ura.

127



SEVEN 3SUGGEZSTIZNS TQ JIL? REDUCT THI IWTIATIRINCE OF IMCISSIVE ©CISTURE

(R4

I have seven suggesaions whish you =may {ind usaful in raducing :he influzncs
ef moiscurs an yeur judgzenis 3f soil sextura, I have listad :them hare (show List)
¢a this chars. You gan fellow through :he char: 3s e discuss 2agh seinc

The £

k~
111
ln

% sTe2p should be the ramaval of as nueh axeass zolssurs as possidla,
You can get zhe zolsturs out of the way by leciing it drain 2us. You zust do
this very carafully. I3 is pessidle co accidentally remave some of the soll wisi
the watar, There aras two ways =ils can hazpea. 7 , if 2he soil is well-mixed
then the clay and/er Iine silt may Ye ramgved wizh she noilszura. 3f course
could rasulr in a1 sarigus uyndarestizaczian 2% Ihe pracencage af clay. Jazand
when tha atiz2ape is nade e allow the wasar T3 ruam shrough wours fingars it is
pagsibla tha sand will siazk fdrough and zoc Te picked 4o i Four assassman: of

the zaxstura. Thais would cause whaz could %e a sericus undarasti-mzzian of tha par~
cgncage af sand. It is probably Sest 22 vamowve oaly zhe =aissurs whizh daliinizaly

- t

does noc coacain aay of the 3oil zarsiclas. Whnen in d2uds, de2a

I
Ll
w
s
0
g
"
'
(=]
'

Second, as we discussed tafsrae you shculd raughly 2Ty o2 2szizata ghe aszguas
3% zodiszure in zRe s9il sample you ara caxtursing., This wiil h2lg you 39 Zacome
dwara of cha zoisture i tha soil and €9 ramexmier o walch Jus far zhe pradlams
causad by the axcessive zoistura. We have seen =arlisr ghac when che parcentags
of moistura gets avean noderataly RNigh the chances <f zaking am azgar inm che zax
clagsificacion baccmas guize igh., Thus, yau siould assasg she zazcantage of

maoigcure ia zhe soil andé use that {nformacion 29 wartn yoursald zhag aa azTar in
the cextura judgment is likaly.

Next, afzar ycu have remcved chs 2xg9sSs moisfure ind ascimacad fhne amcune 33
@oiscure you saculild rsugnly decermins ke Iznd
13 the wacer and soil well nixed ar sagslad? [2 i: ig wall zmicad iz is likaly 22
contaia hoch clay and Iine sil:c., EHewewver, L iz is zac¢ aixed zhe zmolsturse zay
have only Jine zlay ia i:. Thus, dependizng 2n Zhe condicisa of che soil-wacar

aiszurs you :ay Have £o Je suspicigus af zha clavy and sil: jer

fa
I
1
el
o
v
o
@
a
"
s
&S
I
o

cthe fine clay and x=zap chis in =zing.
Toursh, you should bSe 2specially caraful and 17y €3 2ec a sample waich is 2

goed reprasenzaction of the zamplata soil aixture. I3 is very flaporczant faor che

soil you cextura I3 come Irom & Zgsod sampla of che seoll; one which concainsg zhe

fame praporticn af the parsiclies as in cle origimal soil sazpla. Tou should
look ac =zhe first sampls you 2aka amd thea ds2 Lo 33 help yeu 23 decide new
%3 take znocher sne, LI a2cesgsary. II zay De aes2s3arv IS ITy Iwic: or 2ova

t9 gzef 3 raprasencacive sample. How 4i1Zficulsz if2 is 23 Zef 3 good samplé Zepends

on cha sagulis of zhe ravicus s2ap <oncerfling Ile imIuss.
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Fifeh ov the lis:z is a2 mora ganeral warning. “ou should make a3 special 2fior:
To assess :fla gercanzage 3% clay zarefuilly. I: seems likely zhac the axzas3ive

moissure will imfluemce your abillizy co ascimaca the jperzanzags 3£ clay the nos:.
a

Thereafaore it is aspezially imporzaac iRac you zsaraziful

4
3
i
<
n
-
[~

It =might even 5Se worcawhils %o avaluagas :the parcanzage of clay owize; once in ihs
beginning of your zaxture assassment and once a:i tRe 2ad of your taxcuring sracedura.
Perhaps you aighc decide o take the avarage of these twe values.

Sixth, you should ilso asiimaca zhe sand percaniage wervy zarafully I3t w0 raa-
gons, 1If the sand is da2carninad accuracaly zhen when 7ou subzTaes o gec sil: :ha
overall assassmane will ba mora aesurasa. Yora iagorzaatly heo
2ulcy caused by zha saczling of zhe sand., Moisgura i35 likaly

sattla 2o the Bogize of the soil. Thenm, wihen you assass a2

find zhe sorract imouni af sand decausa you ay zeC 130 2uch
the Sotssm.

finally, you should Se& careful zhas the large ss@pac
ddeguacaly 5Srowan dawn. SJcmecizes parcticlss 9f 2lay zand 13 ssick zogechar aad
appear 2 f22l lika sand. This can ofzan zausa zragbla.  IZ che s0il has 3Saen
axcassivaly z2isz you =ay e zampred naIc 312 wWork it as =usl as you aowmally would,
Tals 2ay Y@ a0 praslam, duz L2 zhe clay aas naz 222 3roken dowm than you =ay :and
to Joth undersstizata :zhe clay and overascizats che gsacd. I suggest thac you aazxe
cerzain that the clay partizlas have 3een sciffizianily dSrsokaa deowm.

In summary I would liks you 2o look over zhe lis: gave yvou and have

iscussed. 2lease r2ad through them 2ad summarize Zack 220 ze wha:i I zava said,
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Perceptual Trainine far Ixcessive Moisturs

In zhis sessian you'll actually He assassing the zaxcura of zoils whizh

have axcassive 3ol3curs in them., I wyould Likas you Co 2gongenirals on 1le Idings
wa calxed abouc 2zrliar in order 29 Zelp you texcure thesa jolls. wa will

specifically hHe practicing che use of the saven suzgascions T gave yeu in
the las: session. Teel frse 10 ask queszicos at any time. alse, <uring this
practice session 22l fres 13 rads aay zaxsura glassificacion whith vyou =ay
be unsuze aof.

I'd Lika 23 cemiad yau of ay seven suggascisas we zalkad ateuz 2arlier.
Jere i3 zhat Lliss. {Raad zhrough 3aé va=mind Iar each 2einz.)

Hare 18 a s3il 23 zexcure (#1). Could wou dazamina zhe gaxiura of Iz
as carefully as possidble. (Waiz and raeard resulsis; _ % saed, _ T clav,

-

% sils, , save 3a9il). This soll was 4

(™
[
[+
-
H ]
w
)

(cexcura)
.
garlier session and you assessed the TanIure nan, Wnan you saw Idis

8]
iy
-~
o
T

soil eatliar you said chen chae Lt vas a

(use che wors: rasponsa). This r2speasa you zave Llast {day)

agrees/disagreas wizh what you said befaore. Alse, last sime you said iz

had % sand, % clay, % 3ilz. Tour zaxzuzra (if agpragriaza)
and percancages 2ave changed ssasideradbly. The galy diffaranca with the ssil
chen was zhac it did noc have any =moisture in if vhan you judgad it ia che
earlier session. The zoiszure in the soil had been razgved Ih2n. Wnac ancunt

of noisturz 20 you zhipnk is ia zhe soil now. It is actually .

Laz ae say iz again. The dilferense in wnat yeu said befares and whac yo

[ =

said taday 2ust ba due %7 the :QLsctura bacausa I L5 the aaly chiang diifarans

in che 30ils used in che Iwo IexCuTte issassmenis. we will scend some

1

2

practiciag wizh sail 2o see if we can Relp you wiil the axcessive zolscurs
sroblen. .

What I wauld like yeou 29 da now is 3 look at zhe amount 3¢ =cissura
{2 this contaianer {#1), I have added this amcung of ngiszuce 0 zhe same
sail as you Juss zTaxzuzad, [ would like you 29 za2xcure chis same soil wich
the amounz of maiscurs I jusc showed yau iz iz, Alsa, T would Likas you 22
fallow the seven suggestizas and carafully re-issass Ite caxtura. Rememders

to ramova zshe axc2ss 30isfura, think adgut the condiziosa 3f Ihe soll-moiszuT:

alxsure, c3ughly 2scizacs sha paerszangags of maiscyrs, aazg 1Ty I laxe 3
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Teprasencasive sampla. Do you nsed o worTy abeus draaking dswm the Izmpaczad
clay parszicles?(Vas/lNo). Herz L3 zhe soil with ine mgissure addad (F3). (Rezord

rasul:s; % sand, % ieldy, o SELEy ). Wwhaz amcunz af

(cexzure)
molsture do you zhink Is in che soLll? Aczually, :zhe soil had 1Q0%
moiscure ia ic.

Now here is zhe saze soil again wich addizional meiszurez in i: (#4), ?leage

0

vetextura it and follow che l1isC of seven sugzastices.- I would agprasiazs it
1f you would z2ll ze sut loud as you g2 through =ach ai tha seven things.
(lasord rasul:s; % sand, = slay, % silzy Y. What amount

{caxcurza)
of =zoisture do you cthink is in 17 Thezs aciuvally s _ 7T, Yow this soil has
as much =oisturs 18 vou should aver e Jfiged wiik ia zha I
7OU 310 Zo dack I3 the Iirsc sample we workaz with t3day and Iompara 1he gsurrancs

sall 2o thac one. Razmember thag che only difiaran

n
[
7]
"
n
i
[
w
B
I
M
[
.
R
O
ini
O
s
i
™
fa
(2]
(3]
e
“w
73

is {n the amounz of =oisZurz. lNoching alsa abouz the zaxzIura 1as Jesen changad.
3

Jdera 13 anocthar scil [ would lixas ygu =3 zaxzure (caacainss #3) (Jacacd
Tasulzs; ~ saad, A oelay, nogile. Y Tz i3 not sxces-

(zaxcure)
sively mois:z, \Mow taxture this sail (#8), Ic is the same soil wich axzassive

soiszura. (legard rasul:s; T sand, T eliy, & sils, ).

bl

Could you tall as whizh of che saven sugzessisns you used aad hsw (samind zhex
af any chey forgaec). Wnac azount of zoissure do you 3IRink tRera was ia tha 3oil?
There was acctually- 3,

Now taxtura chis soil, again it was zha sames soil, 3uc wish even =cr2 :ois-
zure added (#7). You should pracsica usiag he seven suggestions iagaia, sul
7ou doa't aeed o3 say chem alsud {Racsrd resulss; _ T sand T clay

). What amouns af aciszus2 do you zhizk thers was ia the sail

(cexcure)
There aciualliy was e

Mext, please look at :the wacar in zhis sonzaizer (738). Yow could vou analiyss
the texturs af this seil (#5). 1Tz nas zhe same amouns 3£ z;elszure fa iz as you

-

juse saw added za L:. Rezori rasulis; % saad, a clavy, <~ sike,

(
Y. Alsq, what azoumt of =oiscure o you :hizk was ia

(zaxcura)

the s0il? The zczuial azouacs was o=

—



Yow I would like ycu I3 usa

our Work today 2 assess :tha

— < clay, 7% sil:s, ). Aezually yeu have seen tnis soill vaeizrca whan
(taxzure)

iz had ao moistura in iz. When you judgecd che sgil La the eariiar sessisn L
had remcved the aciscura. aAnd then you said it was a
wizh % sand, % clay, __ T silt. (Use che besi one Ihis time). As you
can ge2e we nave deen abla 9 praccicez and raducz he Lafluenza af :he moissus:
consideradiy. Lt is very imporsame chas you Ty =3 remember wnac you 2id zoday
wnen you TaxIura s0ils i zhe Zucure.

I would lika 2o ramind 7cu 3¢ some of zhe Ihings we prazzised zadar i ziat
sassion. These wera: (Tapaas she summary Irsm tha verial sTziain

(Racord

vasulsis;

axperiance you hava zained

=3

Ia echis sassisn we have sIvassed tnase 3spaczis (poing) af che prag
and you have hac a2 chapca =P prac:ilice usiang thex. Do you nave any
Tou will ba 1skad g rex:iursz 29Tz solls in ke naxi sassisa.  You
usa zle practiced hara when Yoy assass Ihe

ta2chnigues wa nava
s

other soil
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Cognigive Training for Coarse Tragmens

I've Jeen scudying how so0il 3cisnciscs usa cthe feel nechod of ssil Zexctura
classificacion for saveral yeags now. I have Zouad cthaz che averall aczuracy af
zexture judgments is generally quila nigh. However, wnan mistakasg ars =ada hey
seem oft2n 2 ba due 2o zhe jrasance of czarsa fzagmenzs Ln che soll. Nagurally,
the ccarse fraguencs shouldn'tc raally change che sgil taxcures ac all., %Whac I

would lize to zalk about zaday are some c¢f the charactaris:zicss of soils gencain-

soila. I am speci

ly assessing zhe caxszurs of

We will 3o over ¢t ahif
yau.same avidence chat soarsae
classiiicacions =zade 3y axperts. 3Jszoad, wa will discuss wnhac zzarsa Iragzmenss
ara defined 22 Se and how you zizac Fa about racagnizing thezm ia zhe saill,  And
shaa zhizd, we will discuss seme iizas which you =igac 2

20 help avoid pradlams in judgzen: z2aused Sy coarse Isagman:is.



JEHONSTRATICON OF ITEZ PROBLIM WHICHE 15 Cals

D 3Y CCARST TRAGUENTS

Yow we will discuss five pisces 3 evidenca sn zhe Iiaflueace zausad 5y 2darsa
fragmencs ia the soil. Hopefully vou will ba coavinced thac ccavse Iragmeacs do
indaed affsc: :1h2 aczuracy of the soll =axzuss judgmenzs. Haerve {poiac) i3 3 lisc
cf zthe five poinzs; you can follow along am this lisc.

XS0 has one of che best so0il judginmg t2a=ms in the couatsy. Tai, whea :ha
national compecition was held in New Mexiczo last year their periorzances was noc
as zood as we had Ywoped. One cbvisus sroblem osur zeaz faced in New Mexico was
vary diffarant from the acil; thay sracticad

thac zhe soil condislons chers w

[
"
[

on hare in ¥amsas. Cme najar diffarance was zausad 3y zhe crasancz of s7arse
fragments in many of the soils usad In IRe zsmpesiiion. A3 you 33n izmagina, thasa
soils vese axtramely d4ifficuls 20 zaxsfurs agsurvazaly. Zr. 3idwell and I have dis-
cussed :his problam aed we thizk zhas, alchough thera were i auzhar of sthar Jaciacs
wnich coneribucad
¢oarse fragments in the scil was o9ne of Idam. (Pause;

Recancly T spoke 22 Dr. ¥olzhey who L3 cha %ead gf che Magiomal 3eil
Lap in Limcola. Ha2 fel: that in his experisnca solls whizh zantaia Iragnenss appaars
o cause soll survayors some Siffizulsy, e suggestad that sall scianiisss should
take special zara wnen judging the taxsuTse 9f a soil which coataians czarsae ITag-
zencs, (Pause)
Also I've looked ar pudblished arziclas in sccial scisncz journals waizh

dealt wich this pzoblam. I have found :wo arciczles in whlzh czarse Zragzen:

[

Jers considersd 2s 3 possidle soursa of 2rrars. Ia one artizla the auchors Zal:
chat aiscakas La texture classificacions were gzenerally dus 22 Ihe axiransous
macarials iz the soil. Gf course, coarse fragzeacs ara an exITanacus =azavial.
In a similar ssudy, another 3Toup af vesezrzhers Isund zhac aven whan the soil
surveyors IrTiad zo allcow Isr tlae prasence af axzTizeous macarials, such 3s <2arse
fragmencs, it s3Till caused 2rrars im the saxtuzra zlassificacion judgman:cs.
(Pause)

I have just complaeced a survey of Xansas soil scianziscs asking thaa Isr

zheir spinise abouz che adverse ialluence af coarse Iragzencs. These seoil sei-
encists work for che USDA and ars ail quizs experienzad (a defarminiag soa tfaxsurs
9f soil in zhe fiald. I asked them 20 indizacz how zuch iazlerference was causad
by coarsa fragmancs, on a scale from 1 ta 7. As you 2an sa2e che Lnterfarance ai
s0arsa fragmencs was ansiscancly Tasad as Righ (show cadle), wizh a =ean 2f L.,
Thus, thase sail scianziszss dedinizaly fal: zhac c<sarsae Iragmanis :dvarsaly in-

fluenced cheir praiassisnal judgmeacss of she zamiura of soil ia the fiald., [Fzuse)
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EVIDEMNCE THAT CCARSE FRAGMENTS
CT THE ACCURACY

AFFE

OF TEATURE JUDGEGMEZANTS
1, ExPERIENCT CF SCIL TZaM (M Hew MExizs,
2, Dr, HoLzHEY'S CIMMENTS.
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8, Suasver oF USDA satL scrzuTiSTS.

5)
O
-
[
m
vy
O
O
o
-4
)
=

S,  ANALYSIS OF THE DATA N THE XaNSAS



RaTings™ oF TH

FacTa

Coarse PaaTicLzs

2 %3 4 5 5 7 & 8 119 Avg.,
/7 1 4 3 § 1 7 &8 7 4.4
(LiTTLZ csFzoT) 1o 7 (CoNsiEaAsLE

CR NO

137



I have racently analyzed :he dacs collaczed Zor ca2 judlished 3ail Sucvey
Dascripcian af Xansas. As you may <now, :1his ceaczins informalZisa af Dotk ihe
surveyor's dezarminacion of the soil faxtura in ke filali and she lao analysis

af aach sail. 1 was incarvasiad in 2smparing zhe Iaxguve dacarmined in the flald

wizh zhe taxsure analysis oocaianed Izam zhe lad, T have grapned 3 gezneral rapra-

sentation af the relationsnip mecween th2 perceatage of coarse frzgmencs and the

aumber of arrors (show graph). You can see that as the jercantage of fragzmends

g9 up, %0 40 the numhar 3 errars Ln the zawxzurs classiiicazians.

tha laval aof

ona-gthird of the <2Jizme. You can imagine wia: aighs hagpea whan she jercancags

of coarse Iragmencs gacs nignhaer Iian this. Coes thisz gragh Taka sanse £3 roy?
H

We Nave just discussad avilance shovwin

wi
a
o
w
n
n
o
o
n

Zause difficulsiss I making aceouraca soil caxszra agsassmansis, L3

view theam briafly, Tirsc, thars (s 2he axgerisncsa af zhe s5il judgiag zz2aa in

Hew Mexlice. Rezemder :thay had consideradble 4i3ficulsy with scils whizh had zoarsa

fragmencs in them, Thea [ indizatad zhag Dr. Holzhey Zrag zhe Nagional Lzd =ad
agreed that 22arsa Ivagmencs wars 3 [ikely zause far arTors Lo zawsurs slassi-
fications, avea by exter: surve?a:s: w2 alsa calked adout 30il sciencz rssearzn
in vhish the aushors indizscaed zhat chevy falt zhat coarse “ragzencs might Se 3
cause of scme of the arrors Iound in sheirs szudias. lMexw, expesisnced USDa soil
scienctiscs told 3e in my survey tha: inzarfsrance frza soarse fragmants wers

=

quice aigh. imally, we loaokad ag a Tsough graph of daczz Z:za zsha Hansas 3eil
22 2

Description and saw siat as the jperzaaca ¢ c2arse fragmenis goes up 32 does
the nuabar oI inedrTes: zsxcursz slassifizacians, Do you have iay gquessicas adous

thess polncs of avidenca? Would you like =e o go avar anv of tham again?

coarse Iragmenss raahas a level of 30T, she surveyers maks a alstake
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SEFINTITICY OF COARST TRAGMINTS AND wHEaAT I2 LCC

As L am surs you alr2ady xnow, zo0arse {ragmants ars any sizay partizlas in
the soil which ars largar than lmm in size. Juse %2 rafresh your ze;ory as 9 19u
large 2mm is taxes a lgok ac chis sieve (show). It has I =m holas in iz. Any frag-
@ent which will net pass chrough such 3 sisve is considered 20 %e a g3zarse fragmen
Any of the soil whigh «will pass chraugh the siave is 2ot zoasidaved 23 2amzfaia
coarse fragaeancs. Does ciis agrze wish your underscanding? (Tes/z00d; Mo/

Can you aczept this dafiaizien? It is the one curvencly usad.)

Alzhough che definizioa of coarsa Irzgzenss L3 2asily szazad and undarsised

there is zova I would lika you o zoasidar. The jgoin: I would liks you €3 zaasidfers

relates 23 zhe chysizal proparcias af the 30il sampla. Iz is noc uausual far zhasa

o

t9 be conmsidarznle diifevances Ln :ha ameuns af zoarse fragments in cha 3ail,  Sema
s0ils caa nave as zuch as 357% soarse Iriagmsazs ia them.  Tor zhis raason I would
23

lika you to specifically pay acteacian the amounz 2f Iraigmenzs ia the soil samsola,
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SEVEN SUGGISTICNS TO HE1? RIDCCET THI INTIRIIASNHCT QF COAAST FRACMENTS

I have seven sugg2scions which you 3ay find usaful {a caducing the inficenca
of ZIragmencs oo your judgmencs 9f soil zTaxzura. T have liscad zhem hera (show
lise) oam this charz. 7ou can follow shrough che shars as we dissuss 2ach painc.

Toe firsc scep should Se zhe remaval of the very larzs fragmenzs which ara
obviously largar zhan 2m. You can ge: them out of the way jus: by phvsizally
pulling chem 2uz of the soil. You zust do this very carsfully. I: is possibla
o aczidenzally rceoove 3a0il wizh :he coarsa fragmenss. Tharts ar: Ivg ways tiis
2an happen., FTirsc, large sand waich iLs aearly Imm {a siza zighec He camoved,
Qf course the rvasul: of znis would Se a serizus zadaragsimazia F
of saad. Secznd, clay =iz 2lss Ha ranoved LI i1 has 20c Sean Sraken dowm.  This

4
would csuse vhat s2uld be a seriosus undarascizzcion of the perszancigs of slay
a

Thus it is probably Sest Io ramave caly chose idarse fTagments which aza defiaizaly

cver lzm in size. Whan in doubdt doa': zake iz auz.

Second, as wa discussed afove vou snould rtsughly 1Ty %o asiizats ihe amount
af coarse fragments in ths2 soil sa=ple you ars zaxsuring. Tals will Rals veu 22
become awarz of chae coarse Iragmencs in zhe ssil and o zamamhar fz wacah guc far
ihe problems szused 2y the ccarse fragments. W nave sesn 2a3rvlier tha:z whan the
percenzaga of zoarse Iragmenss gess sven Jodarataly high cthe chances of nakiag
an errar in the caxgura :lassificatzion Yeceomes quiza nizh. Thus, you should zssess

the perzencags i cfarse Iragmencs ic che $0il and use zhac infsmmaziaa 12 wasma

yoursell chat an arTer in the faxtura judg=ent is likely.
¥exe, aftar you have remaved cha large coarsa fragments and ssiinated she

amoun: 9f tha zodarse Irigzenss yau should generally avaluaca the size 37 the ra-
@maining ¢larsa ITagmenca. Ara they clisa ta 1= {3 3iza, 27 ars thay lavgaes?
I chey are naarly zhe size of sand, then you 3izRc 322 the Iwo confusad. Alss,
if che Iragmencs ars guiza large L2 i3 ;ossidle zhac thers ara glezes 2f clay
stuck inco thesa large parsicle

Foursh, you should actampc o dezzmming the genmeral shagze 2f the parsizlas.
If zhay tand 32 Se sharpy chey zat scizk out ia your 2ind and e 2asisr I3 iznors.
However, If cthey are szocch iand uncberusive you 3ay cend 23 gai them confusad wizi
sand. This aspecs Ls likely o vary {rsm saill 23 s0il. 7ou should dezsrmizne zha
shape of the coarsa Iragz=ents and =ry o 2ace whalaver adjusIimenzs you 23inik ars
needad.

Fifzk on the lisc is a =zors gemeral warning. Yau should =aka a2 ssacial ef-

fort 9 assass :le jpaerceniage af saad zarzafully. 1 seams likaly 1za: zhe zzarsa

141



e B = ) SR W ) B - VAR S B

REZMOVE THZ VERY LARGI FRAGMENTS.

ROUGHLY ESTIMATE THE AMOUNT OF CCARSE FRAGMENTS.
EVALUATE THE SIZZ GF THE REMAINING FRAGMENTS,
DETERMINE THE SHAPZ QF THE FRAGMENTS.

ESTIMATE THE SAND CAREFULLY,

ESTIMATE THE CLAY CARSFULLY.

BREZAK DOWN THE CCMPACTED cLAY,
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fragmencs will influence your abilizy 25 eszimats zhe 3and the 39st. Therefaras
it is aspecially iImportan:t zhat you zarefully avaluaca the sand perczenzags. =
aight aven be worihwhile 2a avaluace the fercencage of sand Iwice; once in the
beginaing 9f your zaxcyra assasszent and ance ag che 2nd af your faxcuring pTo-
cedure. Perhaps you aighc dacide 20 zaxe the average 3 these Iwo values.

Sixeh, you should also eszimacga che zlay parsencags wery cavafully Zfor two
reasoens. If the clay is detsrmined accuracely zhen whes rou sudbfrac: &3 222 zhe
sillec ctha agverall assassmenc will 2e =core acauracsa, Mora imparzancly, however, is
the diffic;l::es whiicn zoarse fragments are likaly o cause :in ychr assesszent 3f

elay. Coarse fragmencs soch zaduca zha langsh 28 che tiloon farmad

zaka =2

[
I
o
.3
w
o
b
fe
w
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n
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n
o
»
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™
w
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[}
(™)
H ]
[
<

by che soil and alsa raduce the 3aine o

dacerainacicn 9f cha cliv jerzaniig:

Finally, you should 5e cazaiul
adequatzly bSrokan down. Scmesizas parsizles 23f zlay zaad 2o szick z3gesher aad
appear 2o Zasl liksz sand., This zan ofzan causa Iwvsydla. I ihe 301l nas coarse
fragmencs you Iav 94 Iespied £I Q9L WACK zhe SOLL as auch 2s you navmally would.
This @ay Se zo 3zoblam, Hut if Ihe clay has not Sesa Sryoxkaa dfown tham you zav tand
9 Soch underastizmace tine clay and sverescimate the sand. I suggess thac you zmawe
cerzain thac the z2lay parziclas have een sulfliciancly Brzkan dowm.

In summazy, T would lika you t3 look avar the char: I zave ysu and have iuse

iscussad. 2lease read :through chem and sucmarize Sack T3 3e what I have sald.,
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In cails session, you'll astually bBe assessing zhe caxsure af scils which
nava 29arse {rasgmencs ia them. I would like vyou 2o zoncensTa

z2 on the Taings
e talwed 27oue aarliar in order 23 helz you zaxzuce these ssils. Wa will
speaifically be practiciag e use af the seven suggestisns I gave you i che

Py

last sassion. FTesl free to ask questions it a

ny fime. Also, duriag ctais practics

segsion f2e2l free Co rado amy Caxture classification whizh vyou =ay Ba unsure of.

1'd like 20 vemind vou 3% =2y geven suggsestisas wa Tilkad 2bous earliar. Haza
is chac lisc, (Rezd cthrough and ramind for each poing).

Here 13 2 soil =2 caxeure (#1)., CQouli vou datarmins z4e zaxsure af Lo as
carafully as pessibla.  (Walt and reeord vasulas; _ T sand, __ T oelay, __ %
silz, Y. Thisz soil was uvsed in an 2azlisr sasszion and ~ou assassed

(temzura)

the cextura cf £z thea. Wn2n you saw :nis soil 2arlisr »ou said Ihan Thac It
was a {use he worss rTasjonsa). The rasgonse vou Ziave

lasc ___ (day) agreas/disagraes wizih whai yeu 3aid saday. 4lsa, las:z zime you
said iz had _ % sand, __ 7T elay, __ 7 silm., Tour cexziura (LI 2ppropriica) and
perzaniagas have shangad coasideraply., The calv dilfazagee wizh zhe soil shan
wa that 1t 414 noe have any ¢savsa {rvagmanss in Lt shen vyou juedzed ic in
eariier saszaion. The ccarse Iragmen:zs In the soil aow had sesn sisvaed zu:
chen. Also, zhs lLavel of :the z2avse Irvagmencs is LCI. L2z =2 say Lc again.
The diffarsnga (a2 whal you said Sefors and whal 7du sald foday cust be dues 2
tha goarse fragmenss because they arvs the oaly thing diffezanc

in the sails usgas

1

in the 2wo taxtuzz assessments, we will sgend seome fizme pracazicing wizld seis

to sag if we zan falp you wiih che goarts

F]
(R
"
™
"
i
i
pa |
(4]
U
"
(¢
o
—
i

What T weuld like yeu 2o do zew is fael the coarse Izagments in this geoa-
tainar (#2). Thesa arse the frzgnents <hich wara griginally iz :nis scil, Ra-~
aemger the things we I2lked about as inporzanc aspasss 9 ggavse Ivagzencs’
wnat is the shage 3£ the gar:ziclas; ara they snacp or smgech? (undarline). IMmac
13 thair size; do chey feel near Izm or ars they quisiz lazge? (underlize).

Maxt I will have you zexzurs zhis sama scil wizh zihesa
ia 3. I would like vou co follow zhae seven suggescioas and zarzfuylly ra=-assass
the caxcure,  Remesmder 10 vemova the vesy largs Irvagmanis, think adoul che 3iza

and shape we just :falked abous, and roughiy 2

'3
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w
o
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fragments in the soil sample. 290 you need T2 WOITY 3Pouc draaRing Iswm Ina
compacted 2lay pazziczles? Hars is :he soil wiih sha coavse Sragmencs added

(#3). (Ragsrd tasulss; % sand, % clay, L osils, 3w

(cexturs
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That sail, im facz, had 197 coarse Irigmencs la iz,
Yaw hers is zhe same 39il againm w1z addiziomal zoarse fragments in iz (%45,
Please recexzurs iz and follaw the lisz of saven suggascignsg. [ w“ould appraciacs

it Lf you would za2ll me zur loud as you g9 through 2ach 2f the saven things.

(Racord rasul:zs; % sand, % clay, oails, Yis
(zexturs)
What amounz of coarse frzgments 43 you shiak is i 127 Theva scgually is o

Mow zhis go0fl has as nuch coarsz fragmencs Lz Lz fow as iz d4id aagurally. I
would like you 19 zo back £ the Eirs: sazpls we worked wish faday and z:zazaTs

2
the zurranc scil o zhaz one.  Ramembar Thal Iha anl;

zwe $0Lil samplas 1s (a2 gthe amouant of z2arse Irignme

has 5een chanmgad az all.
Hers is ancther so0il I would Lika you 7o zaxzurs (zsazaizer #5). (Raczord
resulcs; " sand, & zlay, ___ % siic, ). Thers wera 09 cod4rse
(zexzurea)
fragments ia zhe soil, Yow zaxcsurs ihis sail (#9). Ir i3 the same soil wizd
che sviginal <oarse Iragmencs lefs ia. (Racord rasulis; __ % sand, % z2lay,
% silzs, ). GCould you zell za waizh 2f the saven sugzes-

(textura)
ticns vou used and how. [Remind thewm of any zhev Iorge:z.) Wnaz 2moun: of ssartse
fragmencs 4id you think there was in the 53il? Thersz wag aczually L3N, How

cexturs his sail; again it is che same, 3ul with zora of the sriginal cozrse

fragmencs (#7). You should praszica using the seven suggesiisas 23ala, uc

you don’t need 3 say zhem aloud (R2c3vd rasponsaes; S sand, __ % clay, % osilz,
). What perzeacage o ggarvse Iragzenss do you fhink vera

(zaxzura)

in tha sail? There actually was 454,
Mext could you fszel zhe csacse fragzmenss ia chis enzainer (43}, ow

cauld you amalyze the zexzure of this soil (seaszaizer #3); iz is zhe ariginal

soll Ior she same ccarse Iragmenss you Juss falz. (Recerd rasulss; n osand,
~ alay, & osile, ). also wnaz was the percencage of zJatse

fragments? { S

Yow I could like vou 20 use ¢Re priaciics amd axparianca rou have jainad

from Sur worTk taday IS 3Issess Ihe Taxiure of Ihds sadl Y
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(concainer #12). ({Racord resul:s; & sané, % zlav, = sile, Y.

(cexzure)
Actually you have szen his soil Sefcra whan L2 had o9 ssarsa fragmenss in i,
For che soil vou judgad in che earlier sassica, I had sisved :he zcarsa Iragmencs

Qut. And, wnen you say it earlier you said iI was i 5

-

i
% sand, % clay, and % silz (use zhe claosast cnme this sime). 4s

3

wich
you c¢an seae, wa hava been ahle Zo pjraczica and raduza the influehze af ke zzarsa
fragmenss soasidervaply. Iz is veary imsoriaas t2ac ¥ou Ty 32 ramember whal vou
did zaday when ysu faxcurs s9ils la zhe Jusurz.

I would like 13 rvamind veu 2% seme aif zhe 3hings wa praciicad izcay iz 3his
gassion. These were: (rapeiac the susmary Irem she vashal zrainiag and pofiag).
12 chis sassign we tave sivassed thesa aspacis (poinz) s the problam € 2dacsa
fragrmencs and you nave had a chanca €3 graciizs usiag Ines. Do vou have aay
questions? You will Se askad o zaxzura zZore s9lls im tha next sassizn. Yau
should =ov and usa zthe teshniguss we nave pgrasiizad zara whan vou issess the

caxtura 3£ zhesa Jzhar soils.
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ABSTRACT

This study was designed to test three general
hypotheses concerning the influence of irrelevant
info rmation on the judgments of tweleve experienced student
soil judges, and tle effectiveness of two training orograms
designed to reduce this influence. The first hypothesis
predicted that material, technically irrelevant to soil
judgments, would adversely influence these Jjudgments. The
second hypothesized that 1if the 1irrelevant materials did
abversely influence thas scil judgments then lecture andsor
interactive training would reduce this influence. The third
hypothesis predicted that reducing the influence of the
irrelevant information through training (lacture or
interactive) would led to improved accuracy relative to a
performance criterion,

Twelve soil judges were used as participants, They
attended five sessions; three evaluation sSessions and two
training sessions, The first, third and fifth sossions were
evaluations, while the second session was lecture training,
and the fourth session was interactive training, The
evaluations each consisted of having the soil Hudges
estimate the percentage of sand, clay, silt and assess the
textural classification of 16 Soils. These sessions were
used both to d=termine the influence of the irrelevant
inforamtion, and to aassess the impact cf the traininy
procedures, In addition, these responses were compared to a

standard of performance defined by a professional soil



scientist and a valdity standard defined by a laboratory
analysis of the soil, Tne performance and validity data
allowed for a measuremant of changes 1in accuracy (with
respect ta thess standards). The two 1irrelevnat materials
were excessive moisture and coarse fragments, both of which
occur naturally 1in Kansas soils, and are defined Ly soil
scientists to be irrelevant to soil judgment.

Analyses of the data from the evaluation sSessions
showed that both excessive moisture and coarse fragments
influenced the judgments of the soil judges. Therefore, the
irrelevant information «contained in the excessive moisture
and coarse was determined to be interfering. Consideration
of the performance and validity data indicated that not only
did irrelevant information influence judgments, but that the
influence was adverse. That is, the interfering materials
caused decreased convergence to the performance standardd.
Thus, the first hyrothesis was confirmed.

Following the first evaluation session the judges wer
divided into two groups of six. One group was given lecture
training designed to reduce the adverse influence of
excessive moisture and the other group was given parallel
lecture training desiygned to reduce the influence of coarse
fraguwe nts., In general, Loth of the groups failed to show
any iampact of the lecture trainining, Some individual
differences were found with respect to the impact of the
lecture training.

Following the lecture training and the subsequant



evaluation session (3), the same two groups of soil judgas
were given interactive training designed to reduced the
influence of the interfering materials. The group that was
"originally given lecture insturctions for excessive moisture
was also given interactive instructio ns for excessive
noistuire, A parallel procedure was used for the coarse
fragments group. The 1interactive training was found to
significantly r=2duce the influence of the interfering
materials (for both ting groups). In fact, the training for
either of the two interfering materials generalized to the
other interfering material. Consideration of the
performance results showed that the interactive training
improved performance tunrough convergence to the standard.
The wvalidity restlts, although nonsignificant, showed a
similar trend. Whether this improvement in accuracy was due
entirely to the reduction of the 1influence of the

interfering material is not known.



