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of a test using a spatial reasoning problem, the 15-puzzle;, is

described. The test utilizes ocn-line capabilities of a real-time

computer to record an examinee's progress on each probiem tarcugh a

— -sequence cf-froblem-sclving "moves¥, and to collect additional
on-line data that might be of relevance to the evaluation of examinee
perfecrmance. The exgm;nees. 61 students in an introductory psychology
class, were required to type a sequedce of mcves that would kring an

array of scrambled numbers (start configuration) into agreement with

a second array {(goal configuration); using as few moves as possible.

. Resuits suggest that four performance indices might be useful in-

indexing protlen difficulty: (1) mean rumber of moves in the sample:

(2) prorcrticn of students soivzng the problem: (3) proportion of

students sclving the rroblem in the optimal numter of moves: amd (4).

- a. Special TCifficulty Index, defined as the sample mean number of

foves divided by the minimum number of moves required. Additiomal
methods of scoring test and 1n61vidual problem performance are

studieds (Author/RL)
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chology class, were required to type a sequence of moves that would bring ome
4 x 4 array of scrambled numbers (start configuration) into agreement with a

second 4 X 4 array (goal configuration), using as few moves as possible.

Data analyses -emphasized the comparison of several methods of indexing prob-
lem difficulty, methods of scoring individual performance, and the relation-
ship between response latency data, performance, and problem-solving strategy.
B Subjective ratings of the perceived difficulty of replications of the 15-
puzzle were obtained from a separate student samgle to investigate (1) the sub-

jective dimensions used by students in eavaluating the difficulty of this prob-
lem type, (2) how accurately the actual performance difficulty of these prob-
lems could be evaluated by students; and (3) whether there were reliable indi-
vidual differences in difficulty perceptions related to actual performance
differences. _ _ o S ’ o
‘Results of the study suggested that four performance indices might be use-

ful in iadexing problem difficulty: (1) mean number of moves im the sample, (2)
proportion of students solving the problem, (3) proportion of students solving
the problem in the optimal number of moves, and (4) a Special Difficulty Index;

defined as the sample mean number of moves divided by the minimum number of
moves required. Four alternative methods of scoring total test performance and
two methods of scoring individual problem performance were studied. The scores
that took into account differential numbers of moves between the optimal and
maximum number .allowed were related somewhat more to performance ratings ob-
tained from independent judges. --: = -
Examination of problem performance indices, the Special Difficulcy Index,

and students' perceptions of the difficulty of the test problems indicated that
‘most of the problems were too easy for most students.- However,  the possibility
of obtaining a more discriminating subset of problems was suggested by item-
total score correlations obtained for each problem. The datz suggested that
better consistency might .be obtained using problems of similar difficulty lev-

els, and it was hypothesized that an adaptive test tailoring problems to the
ability level of each student would increase the reliability of measurement
_ Mean initial and total "move" latencies for each problem were strongly re-
lated to some of the performance indices of problem difficulty. At the level
of individual performance, only total latency or problem solution time was re-

lated to problem performance. Latency.data appeared to confound differences in
the ability to visualize a sequence of moves and differences in students’ work-
styles. Strong evidence for these work styles was found in student consistency
of initial, average; and total response latency measures across all problems..
Perceived difficulty ratings showed reliable individual differences in the
jevel and variability of difficulty perceptions. The data suggested that the
individual differences found were related to individual differences in ability
to visualize and to maintain a sequence of moves in short-term memory. It was
concluded that an adequate selection of problem replications should be able to
tap these differences, resulting in reliable solution performance differences..
Improvements in problem selection and design were Suggested by the data_ia

this study. Future tests of this type should consist of fewer but more diffi-
cult problems, particularly problems not permitting reactive, impulsive solu-
tions. This type of test would seem especially appropriate for adaptive ad-
ministration: (1) scores on problems tailored to the individual's ability
would likely be more highly related to each other, resulting in more highly re-

liable total scores; (2) the motivational aspects of the tests, which seem more

taxing and potentially frustrating than conventional item formats, would likely
be improved, and (3) for most testees equally precise measurements could be

obtained in shorter periods of time than with conventional test administration.
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INTERACT1VE COMPUTER ADMINISTRATION
 OF A SPATIAL Reasonine TEST

. ‘Most research on computer-administered testinsg bas smpEasized the .

ability of the computer to acapt item difficulties to the ability level.

of examinees. Suck computerized adaptive tests have been shown to pro-
vide pore equiprecise measurement across all irailt levels (e.g., Vale,
1975; Vale & Weiss, 1S75), to provide generally higher test-retest sta-

bilities than conventional tesis:(e.g., Betz & Welss, 1873, 1875}, and
to result in tests of fewer items while achieviag the same or higher

levels of measurement accuracy (Weiss & Betz, 1£€73). Ia addition, re-
search has ;ndicated that immediate knowledge of resuits administered

to testees after each item in computer-administered tests results 1n _

enhapced performance (Betz & Weiss, 1S76a) and favorable psychological

effects for examinees (Betz & Weiss; i97€b). Hesearch with computer
administration of a concept attalzment task (Johmsom & Baker, 1872}

indicated that improved stamdardization could also be obtained with

. computer test administration; and the results of Johmscn and Mihal

(1572) and Pine, Church, Gialluca, and weiss {1579) indicated that dif-

. ferences in mean peformance of racial groups might be reduced or élimi

~nated with computer-administered testing. :

—ilmost all of the researchon computer—administered testing has

" measured intellectual abilities and utilized item types that are conve~

- niertly measured by conventional paper-and-pencil tests as weil. THow-

" perceptual, xew

ever, computers would seem fo be especially useful in measuring various -

gbrer=s01v - tiiize the com=  —

v M = , ; _ =Y ppdiegiieoien e e e — — _
puter’s capabilitizs to preseut novel item formats, modifying itex pre-

sentation over time ir response to the exariree’s performance and al-

lowing the computer to imteract with the student while workiog om a
task. It is of interest to determine whether the advantages previously
found for computer-administered tests, particularly in an adaptive
mode, can be extended to tests of new abilities that make fuller use of
the unique capabilities of the interactive computer: _ -

<

1ogical research, most of this research has been concerned with the

discovery of processes of attention, -memory, and perception that apply
to all indiviiuals. -Recently, hcwever, investigators have begun to

explore the potential of computer—administered tests for reasuring in-

-.dividual differences in various cogoitive abilities. For example, Cory -

(1977; Cory, Rimland, & Brysor, 1S77) has developed tests for five

abvilities—vshort-tern memory, perceptual speed, perceptudl closure,

movement detection, and dcaling with concepts/ information--and ccum-—_

pared ‘scores on these tests.to ccaventional paper—and-pemcil tests of

comparabile abilities. 'The conclusicm was that these tests provided

- peasures of attributes thet are different from those measured by paver=

and-pencil tests. For examzle, a ~sequential reasoning dimensiosn,

~whtch did not appear in the paper-and-pencil tests, was identified im

-the computerized tests. Computer test administration is also being




increasingly used by psychologists interested in measuring individual
differences in various basic information processing abvilities (e.g.,

Chiang & Atkinson, iS7€; Hunt, Lunneborg, & Lewis, 1975; Rose, 1878).

_ 4 comron characteristic of such mew ability tesis is thai tradi-
tional psychometric indices of individual performance (such as number-
correct sccres) and item characteristics (such as iter difficulty and

item discrimination) may no longer be meaningful. To measure .individu-.

al differences ir examiree perforrmance, researchers have usei scores

derived from reaction time data; slope and intercept parameters relat-—--
ing reaction time to memory set size (Sternberg, ;%6%?5 corponent

sccres on various Stages or subprocesses derived from hypothesized

models {e.g., Ciark & Chase, 1S7Z); and parameter sccras (D°, beta)

derived from signal detection theory. Some, but not all, researchsrs

-using such measures of individual differences have attempted to demon-

strate tke psychemetric characteristics (e.z., reliability) of these

new perrormance indices. Such a demonstration is necessary, however,

for each new score derived from new types of ability tests before tke

vallidity and utility of the scores can be investigated.

~ This report describes a pilot study reporting the development and
administration of a spatial reasoming problem, the 15-puzzle, which

utilized the on-line capabilities of a real-time computer tg record a
testee’s progress on each problem throughout a sequence of “moves and
to collect additional on-line data that might be of relevance to the _

evaluation_of testee performance. Although spatial adility has bdeen ~ -

shown to be an important special ability predictive of some job crite-
ria {for a summary of predictive validities for various occupational

areas! between 1920 and 1571, see Ghiselli,; 1573), it was also hoped
that this préblem type and others to be developed would be able to tap

generalized problem-solving and reasoning abilities.

' The 15-puzzle problem used in this study involved preseatatiom of
the nurbers 1 to 15 in a 4 x 4 matrix of scrapbled numbers and in a
tarzet matrix with the numbers in another configuration. The testee

vas required to move the numbers in the first conffguration, one number
at a time, to match the second configuration. This probdlem type was

chosen because it seemed to tap abilities important in problem-solving

situations; especially in the spatial domain, while providing the foi—

" lowing additional advantages:

1. Utilization of the unique capabilities of interactive comput-
ers. T e o ) o
2. The existence of a well-defined optimal solution against which

- to evaluate a student’s performance. R .
3. The .ease of generating large numbers of replications of vary=
ing and relatively controllable difficulty levels.

If the advantages of computerized adaptive testing are to be ap-

plied to tests of this type, precise indices of individual performance’

and problem difficulty must be devised: Thus, an important emphasis in-
this study was on a comparison of alternative methods for quantifying

student performance and a comparison of alternative indices of prdb}ém
"difficulty for the 15-puzzle spatial reasoning prodlem. For example,
t ‘ _

.8
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the. number of moves a student requires to solve repiications of the

: 15-puzzle may_not be an adequate index of problem performance where the

"minimur number of moves for various problems differs. Some of the

- questions strdied were, IS.the minimum-number of moves to solution a

‘meaningful index of problem’ difficulty, or do other physical aspects of

the puzzle configuration infleence problem difficulty is well? Can re-
—sponse latencies be used to quantify difficulty and/or individual per-
. formance? In addition, to determine whether or not the 15-puzzle task

could -be used to successfully measure problem solving in the 5patia1

domain, the reliability of individual performance scores across proo-

~ lems of similar and varying difficulty levels was examined.

;interactive garce format,_which may prove to be more metivating to exam-

4inees than the usual separate item format. In addition, the provision

of knowledge of results may be a bullt-in feature of these problems,

since the students can tell when they have reached a solution. On the
other hand, the need for perseverance and the possibly greater: poten—
tial for frustration and anxiety with this type of probler must-also .be
eonsidered. Thus,; motivational data were collected and examined in .

this study .in an attempt to draw some preliminary conclusions about the

-psychOIOgical effects of working on such probdlems:

To a large degree, the psychologlical effects of problems of this
"type on examinees will depend om the perceived difficulty of replica-
~tions of the problemS. It would seem that prodblems of this type that
are inappropriate for the student’s ability level may be even more ‘dis- -

—couraging-than—the typical conventional test item because the student

cannot merely guess and continue with the next item. In problems of
this type, guessing becomes not a response bias to be eliminated but a.
trial-and-error .strategy on the part of the _examinee. Thus, eventual

fimpcrtaut ?or. making the testing experience reasenabiy pieasant and
nonfrustrating: - . ,

However, whether an adaptive presentatlon of problems cam actually
“equalize the psychological effects of such a test will depend largely
~on whether: students can accurately perceive the difficulties of the

items administered (Prestwooc & Weiss, 1977). Even though some previ-

ous research has found agreement between perceived and objective indi-

ces of item difficulty (e.g., Bratfish, Dormic, & Borg., 1972; Munz &
Jacobs,. 1671; Prestwood & Welss, 1977). it would seem necessary %o
"answer this question anew: when item or problem types differ signifi-
cantly. The present study, therefore, reports some preliminary 3data
relating to the similarity of objective and perceived indices of
problem difficulty for replications of the 15-puzile. _

>

A series of spatial 15-puzzles, each a rea-_.
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ode-ray-tube (CET) display terminal The sequence of oroblem présenta~

tions and the simultaneous collection of performencs data vere con-—
trolled by a computer ©rozram wrltten for a Eevlett-:ackard real-tiame
minicomputer. -

. < _ <
o Figur 1 sHows a. samnl= of the. displav nrcsanted on tae CRT screen
while the student worked om €ach problem: &s FTigure 1 shows, the stu-

dent was instructed to type a three-eharacter move on the terminal

keyboard snecifygng whick number iz the left pattern he or she wished

to-move, left,; right; up, or down one square in an attempt to eventuail&

bring the configuration of nurbers ir the left pattern into agreement -

with the patterr of numbers on the right.

_ _ Figure 1 ‘
Sample 15-Puzzls Problem
Make your "moves” in this patters  ~ Try .5 zatch this pattern
6 8 3 7 ooz e 7
4 8 6 ' 12 8 1,
12 5 2 14 ; , 5 4 3 14
1 11 15 13 o 1 11 15 13

Enter your ‘move by typing threa characters ard the "RITUEN™ kay.

The first two characters should be the mumber you want to movs.
If the number has only onme digit type one spacs and then the. one
digit number.: :

The third character should be-
- if you want to move the anumber one square to the,ieft.

- i1f you want to move the number one sguare to thékright.

- if you want to move the number up cne sguare.. = .

- 1f you'want to move the number down cne square. -
7 :

H:C.t#d‘ (30

»

After eaeh three&character $ove was typed, tke computer processed
the move for legality. " If the move was 1eg&1 the pattern ou the left:
iég ﬁﬁdétéd 1ﬁﬁ5diét§l? uéiﬁg é Cﬁrgﬁr éddréggiﬁg 3 rSten; iﬂiCh é’ldiéd

'entire screen. If the three-character move vas Ili‘gai, ax exnianatOry

cerror message was displayed, and in some cases the student was -in-

“structed to notify the test proctor for assistance. The testtng pro-

granp detected illegal moves of both a syntactical (e.g., typing errcrs)

and a logical (e.g., trying to move a num@g;fintgfgn already occuvied

square or beyond the cuter edge of the pattern) nature. Appendix £
contains a complete l*st of diagnostic error ressages utilized by tke

testing Frograms

Perforeance ggjg., while the student worked on the prc‘uiémi the

?oiiowing data were collected on-1ire by the COﬁputér-

1. VWhether the problem was solved or not, i.e.. whether the stu-
: dent was able to type a sequence of moves that would make the

configuration on the left match the conf uration on the right.

/
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2. The number of moves required Tor SO ition. -
3. The number of illegal motves, including impossible}mctes of oo
" both a syntactical and a configural naturs. o
4 The -number of repeated moved, i.e., how many “times the:student

."backed up, Or reversed a possibly incorrect sequence: -of =

. _.Y poves,to return to an earlier pattern configuration. v - .-
5. Respomse latencies, i.es, the time in seconds néquire& for
~ each move. e e

_ R y - — _ -

6. The actual sequnnce cf moves utilized.

The performanCé data were colle ted for possibie use in drawing_
inferences about several aspects .of Sﬁatial problea-solving abilitys
For example, the number of illegal moves, as well as the initial re-

sponse latencies, might index the student’s initial ability to definme:

and to clarify the task situation. The sensitivity ©f students tg the
task information provided (in this case, the continually updated left.
pattern and its°relationship to the right pattern) and their ability te .°°

plan .2 sequence of moves might be indexed by the rumber of nonopbimal

roves, the number of repeated moves, and the ‘total cumber of move re-

= T .= z_~= -

quired. A student’s inability to recenter (Sweeny, 1853; Werthein

1959) or the .presence of a debilitating set might be inferred from a AR

persistent seguence of moves that did fiot bring the start pattern ~ ¥
closer to the goal pattern. : _ - S

The attern of response 1atencies as the student approached the

5eiution might also be useful infcrmat%on in making inferences about a

‘student’s problem~solving strategy. For example, in the initial stages

of the problem, a planning-ahead strategy might be inferred from longer
initial response latencies, and a more impulsive, reactive strategy or
problem-solving style would be associated with shorter latencies. If -
the student was sensitive to the relationship between the two stimulus - ~-
patterns, a shorteaing of the response latencies might be expected as

thg,%eft (start) pattern approached‘the right (goal) pattern (Hayes,
19€5). -

Indiviﬁuax differences in the ability to. visualize or to maintain
sequences of moves of varyirg lergths in short-term memory migkt also
be reflected in the patterns of response latencies. For example; an

indtvidual with a greater ability to maintain a sequence of moves in

short-ters memory might need longer pauses or study points only once
every six or seven moves,_ as .opposed to avery three or four moves. _
Isolation and iﬁtéi‘p’i‘ététib’ﬁ 0f such differences may be diffiCiilt; how—-
ever, since momentary differences in short-term memory capacity may
also reflect differences in the allocation of limite& cognitive re-~

sources (Norman, 1976).

problem-solving test. Of these, tests for Pive stusents had to be dis- -

carded because of computer probiems.° After being logged onto the CRYT

by a test monitor, the student was presented a series c¢f insgructiomail

screens by the computer. The text of:each imsitruction scre is in
2ppendix E. The presentation of -instruction screens was student paued
¥ith the studeat pressing the "SPACE BAR" nd - "RETURN" key on the ter—

pinal keybocard to proceed to the next inst: ction screen.

Y . .
Q : — _ -




'3s Appendix 3 shows, the imstructions first told the student how
‘to ttilize important ksvboard characters, suck as the RETURN xey; to
enter responses. Next, after descriting the 15-puzzle task and pro-
viding instructions om entering a taree-character zove, the
instructions told the studezt now to correct 4 mistyred move bdefore

transmitting the move to the compuier. 3Sicgrapnical imforratiosn,

inéluding.name, student idemtification number, age, s€x, year in

school, major field of study, race, amd srade-point average, was then
requested fror each student. The final imstructicnal screen (see
Screen 16 in Lppendix B) was intended to standardize the desired

motivaticnal set for each studemt. The student was then rresekted with
‘a practice problem. This practice problier (Froblem 1) was very simple,
requiring only three straightforward moves, and was used tc allow
students to slarify questions \and to gain corfidence in entering moves
under nontestizg conditions. :

A

' Following the practice problem, studeats were presenied & maxipum

of 12 problems (Prodlems 2 to 13). These problems varied ir d1fficul=
ty, which was initially indexed by the picimum number ¢f =mcves required

for solution (solution path length) using a solution &lgorithe provided
by Nilsson {167¥1). Zach of tne 12 rrotlems consisted cf ore problem

requiring 4 ard € moves and two problems for each of the follewing so-
lution path lemgtans: 8, 10, 12, 1%, and 16. The 13 problems used,
along with their solution path length and other physical probvlem char-
‘acteristics, are in Appendix C.. :
Data for all students were not obtained for "all the proovlems for a

variety of reasons. Since the students differed in botk solution effi-

ciency and in the apountsrof tize they had available to participate in
- the study, not all students completed all tne prodblems: In addition,
after about half the students (the first 33) had completed the tests,

it appeared that a test consisting of 12 problems was somewhat too long
aprd that some students-did not have enough time in the experigental
hRour tc finish the longer problems. For this reasonm, two cf the easi-
est problems (Problezs 2 and 3), which everyoze seezed to be sclving in
the minirur number of moves, were eliminated to make the test shorter.

Finally, in a few cases, data for a single provler were 1lost for a stu-

dent due to. computer problems.

_ There was mo fized time limit for each problem. EHowever; im order
to prevent a student from spending too much tize on a single problem tc
the exclusion of others, a message advising the student to notify the

test proctor was displayed on the terrinal screen after the student ned

@%ﬁﬁ working om a problem for what was thought to be an unduly long
time. The maexirum time dllowed for each probles was & multiplicative
function of the =mimirur number of Toves required, up 10 a maxigum of i3
minutes.  For example, about 4 minutes were allowed for a problem re-
quiring 3 moves,; about 10 minutes for a problem requiring 2 moves, &nd
about 15 minutes for problems requirimg 1z to 1S meves. Tke proctor

then had the option of .advancing the studemt to the zext problem or
resettinrg the problYem timer to allow the student to continue work on

that problem. §tudents were emcouraged to discontinue work on & prop=
lem unless they felt confident they were near solution and rneeded only
a little more time. 3



Similarlx, the student was stopped when he or she had taken the

. maximur number of moves allcwable for a problem. The maximum number of

"moves allowed by the computer was also a Zfunction of the minirum number
-.0f moves (solution path length) required to solve the problem. The

"maximum number of moves was defined as the solution path lengtn times

"3.5% if the maxinmum number of:moves was greater than 28, the maximum
.. move: liprit was set equal tg 28. This maximum was intended to terminate.
‘work on a problem the student appeared unable to-Solve so that he/she,

-.would,procee& to subsequent problems: The number of moves it would

~~take to recover from nonoptimal moves was taken into consideration in

'specifying this initial maximum move limit. It was realized, however,
‘that this maximum limit might have to be adjusted once actual perfor-
mance data were obtained.

L The paximunm number of moves allowed was increase& for about half -

“the students to determine if, students could reach solution if they were

~glven more moves. Thirty-three students were limfted to 28 moves for
'the longest probvlems and the remainder were allowed 43 moves. The . .
."larger move limit seemed to allow more students to reath solutions for
;'Séﬁé éf}thé'Iénééﬁ problems.

udent ‘was permitted to voluntarily choose to terminate a prob- -

5@, ent was permitted to voluntaril
or

e’ the solution was ‘reached by asking the test proctor to ad-
probles. In the few instanmces where this — —

- gituation arose, students were encouraged to-continue work en a oroblem

nnless the time limit ‘message had already appeared

When the student successfully completed a problem by matchi é the

°start and goal paftern' the computer displayed the message:

éood! _You have succeeded in matching the two patterns. Press the

SPLCE ‘bar and- RETURN to start the next problem.

— — = 3

Iest neécxion Bata oo o . N

ff- . Upon completing allathertest probIEms, a message._ thanked the stu-
‘dent for _his/her participation. Students then completed a paper-and-

pencil questionnaire providing information on prior experience, diffi-

. culty perceptions; and other mqtivational qne$tions that could be used

~:to evaluate student reactions to this type of test: i -

Since a general measure of spatial reasoning ability was sougnt,

" individual differences .in test performance should nct be accounted for
by specific prior experience vith this type of puzzle, - Therefore, the

- £irst question asked the student-how often he/she had worked on this -

-~ Xkind of puzzle in the past. In order to evaluate the clarity of the

instructions for this new type of test item, the secomd quéstion asked

students how much difficulty they had in underﬁtanding the instruc-
~tions. . Because this was the first time this problem type had been used
-on _this student population, it was, not known before data collection how -

Zd3fPicult puzzle replications would have to be to. challenge the stu-

dents. Thus,. the third questien obtained information on ‘how difficult':

13
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Guestion S. Since all Puzzle Reaction guestions referred to &ifferent
’content, no Scores were derived across items. .

I
[0 4]
I

which require more concentration and within-problem perseverance than
more typical single item formats. Consequently, Question 4 asked stu-=-:
dents Low hard they tried to Solve eack puzzle in the optimal number of
woves, and Guestion 5 asked whether the length of the test affected

their motivation. Students indicated how nervous or uncomfortatle they

were while working on the puzzles ir Question 6. Overall evaluations

of how well they thought they had performed and how well they enjoyed

working on the puzzles were provided by students in Questions:7 and 8,

respectively.ﬁ,iny further comments the students had were elicited by

Indices of problem difficulty. Data.collected for each problem

were used to describe problem difficulty inm several ways. ZFor each of
the 13 problems (12 problems plus 1 practice probled), the frequency

and proportion of students requiring various numbers of moves to solve -

or to fail to solve the problem was calculated. The following were

also :computed for each of the 13 probdblems as potential 1ndices of prob-

lem” difficulty:

1.. The mean number of moves taken. This was the average number
of legal moves used by the student to solve the problem or the

nuimber of moves at which the problem was terminated due to

using too many moves or too much time. Since the move limit

was extended from 28 to 43 for. about one-third of _the. stu-. -

dents, the mean number of moves was slightly lower for the

/' allowed the 1arger maximum number of moves. . .
2.. The proportion of studénts solving the probdlem within the

originai maximum number of moves (i.es; for the longer puz-

zles, 28 moves.)

e

i or optimal number of moves. _
4. -The mean number of illegal moves. —_—
S: The mean number of repeated TOVES,

In addition, for each problenm a Special Difficulty Index was com-

3. The proportion of Students solring the probler in the minimum5.

nuted ‘defined as the mean number of foves used, divided by the minimum -

number of moves required (sblution path length). This index was: de-

dtfferences in minimum sotution path lengths for each prcblem. For

example, a problem requiring 16 moves may not be more difficuit (in the:

sense that nearly everyone could solve it in the mirimum number of:

moves) than a problem requiring only 10 moves..

c*aracteristics, which could function as potentiul indices of task difﬁ
ficulty. One such index; solution path lemgth (i.e:; the minimum

" number of moves required for solution), has already been mentioned: .

., ‘Several other indices relating the start pattern to the goal pattern

vere computed to determine if they related empirically to: the actual

: di’ficultv in solving ‘each problem as indexed by student performance.

If suckh a relationship was found, these physical 1nd1ces cculd be u;ed

14
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in selectirg problenm reniications for inclusion in a test on the basis
F-4

their predicted difficulty. =~ -

The following nhysical problem characteristics of each pair of

e 2w Al A ~

patterns were considered as potential difficulty indices:

1. 7Fath ength° the minimum number of moves required to solve. the
problenm.’
2. Tke pumber of squares not matching in the start ard goal pat-=
terns-at the start of the problem (maximum = 1E).
. The number of rows disrupted ¢r not matching in the two pat-

terns (maximum = 4),

4, The nunmter of columns. di rupted or not matcning in the two

patteras (maximum = 4)

E. muclidean distance function.,the sum of the dietances of eaﬁh

“number’s position ir the start pattern from its position in
the -goal pattern using the Pythagorean theorem (i.e., diagcnal

~ distances allowable).
SH citv‘hlock distance function: the sum of the distances of eack

BUDDBET S position in the start pattern from its position in

the goal pattern with ounly verticai and horizontal (net diago- -

nal) displacements calculateds

z
W

’

anpeudix ¢ shows each of these nhysical provlem charactériétic§-?6r

- each of the 13 problems.

—

-

_§§g§§”_g£ o£ stm&eﬁt neriermazce.” Te riving scores for a student

- on a single problem, “and on this type of test as & wnole, is complicat-
ed by several factors. TFor example, some students were not able to
work on the test as long as others; some students naturally worked

_ faster than others; and in a few cases, data om isolated problems was

* lost because of computer failure. In addition,-half the Students did

- not werk on ?robiems 2 and 3 since these were eliminated to shorten

pb\

. the test*

as ‘a result, sccring a studnnt s peformance merely by the ‘number-

of prodlems solved was not only undesiradble from a theorstical point of

viewaut it was also impracticdal due to the above confounding factors.
For .this reasor, and also from the point of- view of using these prob-
- lems in future adaptive testing, it was desirabtle to develop scoring

- methods that did not depend on the particular proovlem replications on
" 'which the student worked. This suggeste%;nsins such mesasures as the.

proportion of problems. worked on by the student that he or she was abie

to solve or the proportion of prodlexs attempted that the student
solved in the optimal numdber of moves.. Eowever, these measures do not

take into account the differential difficulty of different problems or

individual differences in the number of moves used between the cptizal

'and maximum allowed number. Using the nurber of moves a student zade

on a probtlem would not take into account the differential solution pata

lengths and the difficulty of pradlezs. Potentiai measures that would

_takxe into account the difficulty of various problems, such as the mean
S difficulty of_ nrohlems solved or the hisnest dif’iculty prctiem solved

‘" wko did rot receive preblems of tne same difficulty level.

Taking into consideration all these probdlems, two metheds of scor-

Fulens vy e [EORETSN - .
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1. Score = - .-the_nuxber.of motesu;hefstndent usedf
' the minimﬁm oumser ¢f moves actueffy requirei

For exarple, if a student took 15 moves to solve Problem &,

which required 10 moves; his/her score was 15/10 = 1.5. Since

a perfect score would be 1.0, tais student required 50% more

moves than were necessary. Note that although this score cor-,

rected for different solution path lengths of various prob-

lems, it did not take into account the difficulty of tha prob--

lem as indexed by the total group’s performance on the prob-
lem.

2. Score 2. This score was Score 1 adjus ted Bi‘%he Sieéiéi Dif-

ficulty Index: Thus,
Score 2 = (Score’ 1)/(Specia1 Difficulty Index)

This score reduces to

Score 2 = ) ‘the number of moves the student used —

the mean numoer 0f mOvVes ‘Tequired by the total group

" Thus, if Score 2 = 1;6;,the:student,sAperformaﬂce was equal to
the group average. 1If Score 2 was less than 2sC; the student

solved the probler in fewer moves tkam the average student;

‘conversely, if Score 2 was greater than 1.0, the student

7soIved thke problem in more moves than the average student.

To determine whethar these specially defined scores were any more

meaningful than more direct scores, such:-as the preportion of problems
solved, tke relationships between the :ol;owing four scores for the~
test &s a whole were examined° oy .

«

1. PROPS = the proportion of problems that the student a;fempted
. (worked on) and solved w1th1n the maximum number of

___ moves (28).

2. ©PROFM = the proportion'of problems that the §tg§egt7at§egpted
S and solved in the minimum (optimal) number of moves:
S: Total 1 = the average Score.l obtained on the problems the

' student attempted.
-the average Score 2 obtained on the problems the
student attempted.

- '&. Total 2

o ; ~ - _ . 7 . L ) ~ i‘ - -
It was hvpothesized thau the Total 2 score weuld prove to be the most
meaningful score, since it took into acccunt both the solution pat

length and the difficulty of the problems thae student attempted and did :
notydepend on the number of problems atterpted. _ZBy adjustirg for prov=

-~ 'lem 4ifPiculty, a student was penalized more by Tetel 2 for less tham =
.:'optimai solutions on easier problems tﬁan on more,&i‘ficult probiems._,

Gonsistencx of per formance across orobioms. tn importart quest:on j

for determining the usefulness of this problem type in assessing spa- -

- jvtial “problem-solving ability was whether reliadle individual differ-

'ences cr various performance criteria éould be identified across prob-';v
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lem reﬁlications,of similar ana,iagyiﬁg,aif iculty levels.fflgfexamine

~~this question, the consistency of the various performance scores was
axamined across all 13 problems using Pearson product—-moment correla-
tions. Since both of the individual problem scores (Score 1, Score 2
were linear transforrations of the optlmal gutiver of moves, the consis-

tency of these scores across problems ir terms of Pearson proiuct-mo— -

rent cérrelations would be the same as the stability of the rumber of

~moves used. Thus, the stability of the foliow1ng performance iniices.
‘were gxamined: _ L Sz

-"1. The total number of legal moves used for each probler,
2. The pumber of illegal roves, and
3s The number of repeated roves.

The relationship between individual ppoblem scores and total
scores on the problem sef as a whole was investigated by examining the
correlations between individual probdler scores (Score 1, Score 2) ard

“total test scores (PROPS, PROPM, Total i, Total 2) with and without the

particular problem.being exciuded from-the total score. In addition,

the relationships between the total number of iegai moves used (or,

eqguivalently, Score 1 and Score 2), the number of illegal moves, and
~the number-ofrepeated—moves for each problem were examined by comput-
ing the Pearson product-moment correlations between pairs of these per— —-—

‘formance indices- acioss students fer all pairings of problem replica-

tions.

" RespoBnse latencies.; Euring testing the time in seconds taken by a

student for every move was recorded by the computer. This allowed la-

.tency trends across moves. to be plotted and studied feor each proolem.
Three indices were used to quantitatively characterize a student”’s rer
iSnonse latencies for a problem..j . : _

15 Initial move latency,'i.e., how long the student studied the

. initial problem configuration b=fore making the first coves

2. . The average move latency, l.e., the average time taken tor a
. move across the partic¥lar problem; -and S
.3  Tetal problem latencyy i.e., the total time in seconds taken
Iai:?; by the student on”ﬁ‘particular problem. .

En order to compare:thé tihe taken on various problems with the problem

difficulty as-indexed by, vaFious performance measures, ‘the mear of -tte

.above .three latency measurEs was . computed across all subjects for each
<2¢oblem. .

e

T%f" iighough the- tendency for various perfermance peasures (€.g2e., the

23 — KOs v -

‘number of-moves peeded): to- correiate across problems indexes tke relia- ;

{bility of -problem-solving performance, the tendency for a studert’s

Gresponse latencies to show consistency across problems may indicate a-

cognitive style, .8+, . reflectivity versus impulsiveness (Kagan, 1965;
Kagan et ‘al.,; 1564) or.a strategy of planning-ahead vérsus trial and
~@rror of impulsive reSponding. To study this: pessibility, the consis-

;tfféi of the initial, average, . and total response latency ‘measures

oss'problems was examined using Pearson product-rmoment correlations.‘ry

:Eor exampls, by correlating the initial move latency across students

for each pair-of problems, it could be ‘determined whether some students
@consistently studied ‘each problem for longer or shorter timés than
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other studenus. Similarly, by correlat*ng the total provlex latencx

over students for eack possible problem pair, it could be determined
whether the same students who toox longer or sporter times to solv‘= one

It was also of interest to ezamine the resnonse latency t*ends as .
the student progressed throuzhout 23ch problem. Such trends may indi-=
céte the degree of initial planning, the npumber of zoves a Student made
between study points, and ths point at which .tkez sequeace of moves to -

solution had been detected: For this purpose latency graphs for indi-

vidual students showing the response latency for eacn move from start

to solution were plotted and inspected visually. Latency plots were

exarined for students who had performed well on the test and those who

had performed poorly and for problems solved and problems unsslved, in
order to detect'ény-systemétic differences in latency trends.

, Relations ig between performance and response latencies. In order
to &etermine iF any relatienship existed between students perfermanee :

on the problem and the way they allocated their time c¢cn each probvlem,

Pearson product-mozent correlations were computed for eack problem te—

tween the initial, average, and total mcve latencies and toe number of -

moves each student used. In addition, correlations were also computed

,between total test score, which bettezgtndexea the_ student s _perfor-

tencies for each problem. cor these correlations the total. test scores

. used were Total 2 and a mean judges perforecance rating, described be-
low. -

Judges’ fatiﬁgs of gerformance. Because reliable exterpal crite=

f

ria against which the “student performance scores could be vaiidated

were not available, each student’s performance on each prodler was

- studied 4ndependently by three judges and .each student’s overall test

performance was rated om a 10-point scale, with 5 being arnchored to

average or mean performance, considering the sample as a whole. Tke

mean of the ratings of the three Judges (MRATE) was used as another
index of student total test yerformance. ' :

Since the ‘judges were famiIiar with the difficulty of each problem
and could carefully examine the student’s performance cn each problem,
1t was felt that these .ratings would prov1de 3 more complete assessmeat
and rark ordering of student performance. -Although léss subjective,

the verformance scoring ‘methods described above were mnot equally able.

_to take into account all the information that the judges could in their

ratings. Thus, one way to compare the adequacy or refinement of the

various scoring methods was to compare the rark ordering of students by

gach method with the rank ordering assigned ty the judges” ratings.

This was done using Spearman rank-crder correletian uaefficients.
7o determize how vell tndependent judges could agree on the ra-
' tings of. stu&ent perforpance; interrater reliability as estimated by
the following form of the intraciass ccrrelation was used:

CPr * MSotugents ~ Werror - . o 1
MSstu.dem:s + (K- 1) MSer:rcsr ' '

where the various mean squares (MS) were derived frem a standard two-

18
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vay. analysis of variance and the mean square for error term represented
variation due to the interaction of students and judges. Note that

since only the reliability of the rank or&ering of students, and not -

mean level of differences of judges’ ratingsi was of interest (i.e.,

interrater reliabilityivergusfiuterraterfagreement), %he error term did
.net include variation due to judges (Timsley & Weiss, 1975)s
, Motivaticnal and blographical data. The frequency and percentage
of students endorsing various respoanse alternatives to questions in the

—tatulated io order—to &étérﬁiﬁe students’ prior experience with-this——— -

prodlem type, the perceived difficulty of the instructions of the test,

and the motivation and anxiety level of the students during the test..

Completed posttest questionnaires were obtained from 50 students. Al-
- though. the respomses to the Puzzle Reaction Questionnaire were analyzed

- and provided useful information on the motivational ckaracteristics of

the total group, thke small numdber of students distributing themselves

over various response categories made group performance comparisons

between students in different response categories inappropriate for
‘ many of the questions.

. cause it involved. nhether previous practice with problems of this type

would affect test performance. The relationship between a student’s

" fencex:

Since problems of the txpe used in this study may require higher

levels of motivation than more traditional psychometric measures, it-
vas also important to investigate the effect of motivation level on
performance with the limited data available. For this purpose t tests
were performed on the performance means of students reporting differeut
levels of motivation in Question 4.

" In addition, since males as a group have generaliy been found to

score. higher than females as a group on tests of spatial ablilities

(Garai & Scheinfeld, 1968; MacCoby & Jacklin, 1974), it was of interest
“to determine whether sex differences existed for this test. -Thus, a t

téét was used to EBmpare :the male and - female group mean’ total scores.

;the 15-uuzzle were obtained from a_ separate sample Of students in order

Subjective ratings—uf"the perceived difficulty of revlications of

R T Vhat subjectivef@imeg§§og§ §97§tu&ents use in evaluatlng the

[ difficulty of this problem type? _ o

" 2. How accurately can students evaluate the actuar‘difficu;ty of
these problems? That is, do difficulty ratings agree with :

actual performance data? How finely can discriminations be

Ay

made between problems of s¥milar difficulty levels?

3. Are there reliable in&ividual differences in the perceived

19
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dtscriminations?

The latter two questions, in particular, address indirectly the ques-

tion of whether students” percepticns of task difficulty can be related

to their performance. For examples; to the extent that reliadle indi-

vidual differences in the ability t% visualize a seguence of moves in
. short-term memory exist, tuls might be expected to result irn reliable
- differences in both perceived task difficulty and in actual task per-
- formance.

To maximally assoclate perceived difficulty with actual perfor-
zance, the same students would ideally make the ratings and solve the.

preblems. Due to limitations in student time, this was not possibdle in

the present study; instead; a second sample from the same population

was ntilized. Using separate samples for the two tasks has the-advan-

tage that a student’s rating of problem difficulty would not influence

|'u |
rm
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Subjects. A total of 47 students from an introductory -level pPSy-

chology course rated the difficulty of 67 stimuli. ~EBach_stipulus conm~-

index card. To shorten the ‘length' of the rating task for each student,~

the €7 puzzles were divided into 4 sets of 1€ or 17 puzzles each and

the .47 subjects wvere randomly assigned to one of the 4 puzzle sets.

" Since the. students were divided into groups merely to shorten the task,

the results will not be d*scussed separately for each group.

~ W,

" Data for three students were not included in the analysis because
they failed either to perform or to record their ratinmgs in accordance’
with instructions: Students took an average of about 40 to 45 minutes
to complete the rating task: : i
#
Euzzle stimuli. -Selection of the. 67 puzzles used in this stndynd

'Wwas done with care because they were to be used in several ways. For ~

example, in order to be adle totrace the perceived difficulty trend

within a single puzzle (which might require 16 moves from start to

- goal), ratings were obtained for several puzzles with the same goal

_ configuration but with st3irt configurations that converged on the goal.
45 a result, it was possible to detect how many moves from the goal a
student would have to be _befare the problem would begin to look some-
what easy, then- easy, and so on. '

: _ Since omé ﬁypotﬁesized difficulty dimension was that of path -
lengtk (or Dumber of moves Tequired), puzzles utilized a relatively
uniform continuum of path lengths from I to 2€. OFf the 12 problems

used in the problem-solving performance portion of the study, 9 were

included amorg the stimuli rated in the rating task. Of these &; 4

_were divided into subpuzzles of varying lengths, as described above, th

order to examine the perceived difficulty trend within the tndividual :
nroblems. - : . . \ : :

Rating procedure. Appendix D contains a copy of the self-adn*nis-'

-~ tered instruction and recording booklet that each student received:

e
o




Students were told how this type of problem wvas solved so that they_

.could rate how difficult they thought it would te if they kad to solve

it. "Students first sorted the puzzles into six categories labeled Very

Tifficult, Difficult, Somewhat Difficult, Somewhat Easy, Easy, ard Very

Basy. It was made clear tc the students that there were no required

number of puzzles to be sorted into any of thé piles but that they

‘should put sach puzzle into the category that had a label best describ-

ing how difficult they thought the puzzle would be to solve. In each

" puzzle set four of the puzzles were specially?selected ahead of time $0-
range from Very Basy to Very Pifficult; in terms of path length. These

four puzzles had a spectal message on the index card instructing the

student to provide reasons, or a basis, for sorting the stimuli into e

" specific category. These reasons, along with the posttask guestions
_(see Appendix D) regarding vhat rules or criteria they used for sorting

later analyzed to determine the dimensions on which the students

thought they were sorting.

. After recordinz the puzzles that were sorted into the original six
categories, students were asked to attempt to break down each category
into subcategories based on fimer difficulty discriminations. The stu-

dents were encouraged to subdivide into as mamy subcategories as they

could ‘but only to do so if they felt tkey could differentiate the dif-

ficulty of the puzzles-in the same category. No refso;t;ngfgc;ossrghe
original six categories was allowed. After recording the stimuli in
. each of the final subdivided categories, students resPonded to a ques-

this kird of puzzle, whether they rad &ifficuity understanding the .
task, and their motivation level during the study. More importantly, -
students provided their own rules or criteria for sorting into eacrz of -

the categories, for example, how they distinguished a Very Easy from a
. Somewbat Easy puzzle. A )

en Ihe last page. of the booklet, and after the students had al-

dimensions was. provided, which were hypothesized to be related to stu-

-'dents ~ratings. Students were asked to indicate for each of the nine

“.that were supposed to serve as validity dimensions (see Questions 8c
~and 8f in Appendix D). It was felt that tnese dimensions (particularly

_ the puzzle ratings. These nine dimensions also included two dimensions

8f) would be irrelevamt to perceived difficulty and would therefore

serve to detect students who were randomly responding or feeling that.

~they should have used every dimension-suggested by the experimenter.

&nalzsis _:u

. Beported dimensiens of difficulty. Self-reported dimensions of

percefved7§If§;cu1ty\\§re Thus of two types ip this study. First, stu-
ov ded the bdasis for their difficulty; judgmeats

dents voluntarily pr

during the sorting. task. Dur1ng this portion of the task, students

were provided no information'as to the dimensions to be used in making

" their judgments. After sorf%ng the puzzles into piles. representingf
different perceived difficulty lgvals, an experimenter-provided list of

possible rating dimensions was provided and students indicated whether

they use& each dimensiou on aii, most, some, Or none of the problems.’

Q
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~ For each type of self-report (the voluntary protccols and the ex-—
perimenter—provided dimensions), the proportion of students reporticg.

use of each dimension was calculated and a determination was made of

tke most frequently used or important rating dimensions. Judgments of

which dimensions were being repcrted durirg the sorting task were made
by one graduate and one undergraduate research agsistant and involved
studying Ehé,Studénts',?riltéﬁ,régponSéé,to the Provide your reasons

section of the.rating booklet (see Appendix I, Step 1) and Questions 5;
63 and 7 in the postrating task questionnaire (see Step 4 in Appendix
D).

of each reported rating dimension are cont@ined in Appendix E.

Representative protocols provided by the students to indicate use

— e —— e S e F e S - ———  —— -

sorting of the puzzles. The center point of each of the original six
‘categories was assigned the number 5, 15, 25, 35, 45, or 55 for the
respective categories Very Easy, Easy, Somewhat Easy, Somewhat Diffi-—""

cult, Difficult, and Very Difficult, When puzzles within one of these
six categories were subdivided into” subcategories, the five integer °
intervals on each side of the center point were prorated or divided to
assign differential rating values to-each puzzles. The mean rating
across all students was then computed to obtain the subdivided scale
values. These subdivided scale values were then divided by 10-to scaile.

them from 1 to 6, thus making them comparable to the original category
‘latels. Thus, a puzzle felt to be Very Easy by the average student

 'These scale values were then used to &etermine the ramge of prob-
lems (e.g., problems requiring three to six moves) perceived to be in

each of the categorlies , , y) b ot  the scale
values versus the solution path lengths of the puzzles. Finally, the
relationship between perceived difficulty and actual performance on the
set of puzzles administered to the first group of students was investi-
gated by correlating meanp difficulty ratings. with the performance and

e:g., Very Easy, Easy) by plotting the scale

response latency measures obtained for the nine puzzles that were in-

cluded in both the performance and difficulty rating portions of this

study. ) .

-4

tionships Between Objective and Subjective Difficulty Imdices

(g |

gla ;

. Each of the performance -measures;-response latency measurés, phys—

ical protlem characteristics, and the perceived difficulty mean ratings

u'_ can be considered potential problem difficulty indices: For example; : -

the difficulty of a problem could be indexed in several ways: (1) by
the proportion of persons Solving it, (2) by the average response la-
§§g§37§Séd in working on the problem, or {3) by F@é number of squares

needing to be moved 1a;%: distances in the pattern. The simiiarity of -

‘the rank orders of varidus objective indices will likely vary.’
" ' 1n addition, the ragk orderings of the problem difficulties by

performance or physical indices obtained in the first part.ef the study
can be compared with the rank ordering of subjective (perceived) diffi-
" culty obtained in the second part of the study. For thls purpose, tae

Spearman rank-order correlation coefficient was computed between the .

rank orders of problem difficulty provided by ail performance; latency,

:?;?;f;;
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pﬁysicai, and perceived &if”icuitv indices. Some of the questions ad-
‘ &resse& throngh examination of thece correlations were as follows:

1. To the performance criteria used in this study (mear number of

moves, proportion solving the probdlem, proportion solving it
in the minimum number of moves) similarly index problem diffi-
culty?:

‘Do problezs trat take the zost total time to solve or that
réquire longer average move iatencies also invelve longer ini-

N
°

tial study times or latencies? °

- S: Is there a relationship between .the difftculty of é problem as

ihdexed by performance criteria and tke initial move latency, .

average move latency, or, total time taken in solving the prob-

-lem? . :
4. How well does the perceived &ifficulty of the probiems compare

with the actual difficulty as indexed by performance and la-.

tency data-and various physical attributes-of the problem?--

S. Which physical characteristics of the problem (e.z., path
length, number of squares out of order) are most p*edictive of
various performance and latency measures?

RESULTS

Camguxér-ﬁdminiszé ed Problems

'Probiem Gharacteristics

- Indices of groblem,difficuitx. Taiié 1 shows, the number of stu-

— TS — ———— e — —— — == _ - _ T~ T - _ 7T T 2T S _

dents “who attempted each problem (1nc1uding the practice problem, Prob-

lem 1), the optimal or minimal number of moves reguired to solve each

prob’em (path length), _and the. frequency and percentage of stuuents who

the probiem. These data suggest that cost of the problems were too
easy, with from:.70:4% to 98:2% of the students solving S of the 13

.problems in the optimal aumber of.moves. "Problems 10, 12; 13, and; to

"a lesser exteat, Probler S were mecre challenging, with from 14.6% to -

45.7% of the students <olving the problems in.the opiimal number of

- moves. The data in Table 1 also show that the optiral number of moves
“was not a perfect inmdicator of difficulty as indexed by student verfor~.
_mances Problems 4 and Sy-which—could- eptimaily*be“SGIi*a ia 8 mgves,

~were solved. in the optimal number of moves less .frequently (755 S¥ and

“?7.8%) than Problem 6 (87.0%); for which the optimal number of moves.

. was 10. Similarly, Problems 10 and 11 could both be solved optimally

in 14 movess but only 29.5% of the students solved Problem 10 in that.
number of moves, whereas 79.6% of the students solved Problém 11 in the

Optimai number of moves.

Additional data on student performance characteristics of the

prodlems are shown in Table 2. With the exception of Problems S, 10;
.12, and 13; the mean number of moves used on each problem (row 1 of:
Table 2) were quite close to. the minimum number of moves required for
. its solution (row 9). Row 2 of Tablé 2 shows that all students solved
. the first five problems in the allowed maximum number of moves (for the -
" longer problems the maximum number of moves ‘allowed was 28), and only

éifor Problems 12 (66.6% solving) and 13 (66.¢% soiving) were there sub-

r

.G ; _.~_: | . : - . -.-: éag
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: stantial numbers of students failing to solve the,problems. ioﬁ 3 re=

nupbter of moves. With the exception of Problems S, 10, 12,. and 13, 70%

or more of the ‘students were able to sqlve the rest of the onoblems in

. Row 4 of Table 2 contains the Special Difficulty Index, which ad=
justs for the differing path lengths (minimum number of moves required)
of the prodlems: For example, for Problem ¢ this index equaled 1:2%1,

indicating that the average student required 21% more than the minimum

nunter of moves to solve the probdlem. The difficulty of eack problem

as indicated by this index agreed quite well with the performance data

in rows 1 through 3. Again, only Problems 9, 10, 12, and 13, with spe-

cial indexes of 1.45, 1.24, 1.50, and 1.51, required substantial num—
bers of moves over the minimum purber required for solution. .

A comparison. of ‘the performance index and ;the Special Bifficulty

Index with the minimum number of moves required (row 9) indicates that

although the difficulty of the problems tended to increase with solu-

tion path length (minimum number of moves required), the relationmship
was not strictly momotenic. For example, although Prodtlem 11 required
at least 14 moves Zor solution, this\problem was much easier for stu-
dents than some of the problems requiring fewer moves. Thus; minimal -

.solution nath was not the sole determinant of a problem ‘s difficulty.

Mean problem lateneies.\ Roﬁs 5 through 7 of Table 2 show the mean-

problems.,,?he data on averagesamount of time spent by students prior
to their first movée (mean initial latency) indicates & strong, though

not perfect, relationship with the difficulty of the prodlem as- indexed

by the other performance criteria. This relationship appears even——- -

stronger for the total time in seconds used by the average student (row
7).to solve problems. of varying difficulty. For example, the mean ini~

tial and total move latencies were smallest for two of the problems. -

'with the shortest-path lengths (Problems 2 and 3) and were longest for
the four problems with the longest path lengths (Problems © through

:13)s The.trend for the remaining seven problems was less comsistent,

except that students seemed, not surprisingly, to use more time to
'study and to complete the practice probler than would be predicted on

"the basis of i1ts short patn length. Students usually took about cO to

solved in about: 2.5 minutes (150 seconds) or less.

single problem ranged from about 67 to 361 seconds Most problems were

There appeared to bte no consistent relationship between path )
lengths of tHe problems and the average. latency for the moves within a
- single problem (row & in Table 2).  Students generally took from 8 to

15 seconds to make a single move, althcugh again more time was taken or -

the practice problem (Prodlem 1)< .

fin the perceived difficulty rating portion of _ the study. Given tne .
assignment- of the numbers 1; 2; 3, 4; 5; and 6, respectively, to the

categories Very Basy,. Easy, Somewhat Easy, Somewhat Difficult; Diffi-

cult, and Very Bifficult; row 8 shows: thatl nome of the problems was

o . S | . L
B : . .25 .
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considered Tifficult or Very Difficult by the average studemts Four

__probdlems (9, 10, 12, amd, 30 a lesser extent, 3) were considersd Some=
what Tifficult, and tkhe remaining problems (4, 6, 7; 11i; and 13) were
perceived as Zasy or Somewnhat Easy. The difficulty perceptions gener-
ally indicated agreement with actual performance indices of difficuity,

but there were some marked exceptions. In particular, Problems ‘8 and
11 were gerceived as being more difficult than was indicated by the
performance data, whereas the most difficult problem-—Problem i3 with
Special Iifficulty Index of 1.51 (row %#)--was perceived as bveing Soze-
what Easy by the average student. These &ata indicate that students’ - .

—3initial d!fficulty perceptiocs of these problems aré fallivle, particu-
tarly for problemrs with longer solution paths.

‘and repeated moves. Rows 10 and 11 of Table 2 coatain the

‘mean nucber of-illegal and repeated moves made on each problem: These
data indicate that students made few illegal or repeated moves (means

less than 1.0) on most of the problems and that, with the exception of
Problems 10, 12, and 13, there seemed to be little if any relationship
- between the difficulty or the minimum number of moves required and tie’
number of illegal or repeated moves. For Problems 10, 12, ani 13, how-
ever, the average student made approximately one or more illegal and
one or Tore repeated moves. This is to be expected for the more diffi-
cult problems; since the students worked longer on them and thus had a

greater chance of making typing errors ard other illegal moves. It

would bé difficult to unconfound this tendency with any tendency to de

‘more careless on the more difficult problems. The slightly increased

number of repeated move configurations for Problems 10, 12, and 13 ray

be more meaningful, indicating a greater likellhood of students needing

~'to back up in their solutions to the mere difficult probiems. Because

" of the small number of i1llegal and repeated moves made by the average
student on these problems; these measures were not considered further
as potential indices of problem difficulty (2.g., they do not appear in
Table 3)- . ’

. Beletionships among indices of problem difficulty.

rank=order correlations among the potential indices of problem difficul-
ty-—performance indices, latency measures, perceived difficulty, and
various pvhysical problem characteristics. Data for Variables 1 through

r
G are in Table 2; data for Variables 10 through 14 are in Appendix C
for each of the problems. , , ;

.. _The correlations im rows 2 through & of Table 3 show that the dif-
ficulty indices based on group performance data rank ordered the diffi-
culty of the problems quite similarly, with the strongest agreement

- between the Special Difficulty Index and the proportiom of students

solving the rroblem in the optimal number of moves (p==.55) and between

. the mean number of moves used and the proportion of students solving

" the problem in the maximum allowed moves (p=—.54). The utility of tme

Special Difficulty Index over-the other performance 'indices of

difficulty is suggested by its lower correlaticn with solution path
length (p=.77). For example; using the mean nurber of zoves required
by the sample to solve different problems is less adeguate as-an
‘indicator of problem &ifficulty because it labeled all puzzles with

" lcng solution paths as difficult (p=:S8) when, in fact, not all long

<puzzles were ¢ifficult (e.g., Probdlen 11)..

28
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~_ The intercorrelations of the latency variables in rows (and col-

- umns) 5 through 7 of Table 3 indicate that only the mearn initial and_
total latency measures. rank ordered tke problem difficulties similarly.
That 1s, rrodlems which tcok longer times to solve were also studied .
longer initially (p=.82), but the average time for moves withiz a probd-—

lem was not significantly related to either the initiax move (p=.23) or

 the total preblem latency (D—.GS)

The correlations between the latency varlables (rows 5 through 7)

and the performance variables {columns 1 to 2) show that the total time

-—ﬁpent~on a- prcblem—{rowu?) by the average" stﬁdént was highly predictive
(p°s=.84, =.76; —.89, .86) of d&ifficulty as indexed by performance in-. .

~ dices, and ‘the amount of initial study time spent by the average stu-

~~dent (row 5) was also strongly related to the four performance indices
" (p°s=.65, -.83, -.67, .63).  That is, not surprisingly, more difficult .-
probiers were studiea longer initially and took longer to solve. The

correlations in columns S5 to 7 of .row G also Shcw a strong relationship

between mean initial and totdl latency and solution path length {p’ s=
<61 and .79, respectively), indicating that the problems with longer ~
sclution vaths were studied longer initially and worked on- longer.;

The correlaticns in columns 1 to & of row 8 shew that students”’

-perceptions of problem difficulties agreed somewhat, vitt not as much as
might be expected; with the actual performance measures {p°s=.64, =.63,
-.43, .40). Althotigh 211 these correlations were in the appropriate'
direction, only the first two approached statistical significance due

to the swmall number of problems (nine) for which both performance and

777777777 diffice ices were availabl The perceived difficulty

- perceived difficulty indices were available.

scale values in row 8 of Table:2 suggest that this lower-than-expected
relationship was due to the students” inability to differentiate the
relative difficulties of problems with longer solution paths {such as

: those used in Problems S through 13) The correlation between per—.

;the problems solved on he computer as for the larger stimulus set used

in the rating study (r—.88), _probably because tke range of path lemgths
used in the computer test was.more restricted.

The only significan.,correlation between perceived difficulty and
latencies (columns 5 to 7) was with the mean initial latency measure
(p=.75). In fact, this represented the highest correlation in tke

matrix for both variables. This relationship suggests that the
problems that were studied longest before a move was made were the ones
perceived as being most difficult {even more than whetker or not these
;nroblems actually were the most difficult).

Examination of the correlations in column § shows that ﬁéfceiﬁed

’difficulty of the problems in the test was significantly related to

.only two physical problem characteristics——solution path length (p=.63)

- and number of rows not matching irn the two patterns \p=. 70). Correla-
tions with some of the other physical problem characteristics, e.gs,
the number of squares not matthing ard the Euclidean and City-Elock.

Xz _ZTazT _=2Exvy_ =Xy Te o

distance functions, were probadbly restricted by the reduced range of

values in the computerized test as opposed to the raticg study {see
ction below ‘on dimensions of perceived difficulty).

 Examination of rows S to 14, columns 1 to .4, shows tkat only the




solution path lenzth (row 9); and to a lesser extent the Buclidean and

City-Block distances frows 13 and 14), were useful in predicting 3iffi-
‘measures of d 11tys Solu-
tion path length rank ordered problem difficulty gquite similarly to the

culty as indexed by the four performance measures of difficultys

““independent of the Special Difficulty Index (p=.7?). The two distance

functions moderately predict —mean- number of moves (P s=-.06 and -.43,
neither significant) and the Special Difficulty Index (p“s=.31 and .35,

~neither significant). : - I
Solution path lemgth (row §) was the only physical problem charac-

teristic to predict mean initial (p=.61) or mean total (p=.79) problem
latency. Interestingly, while average move latency (column 6) was not

related to ahy of the performamce criteria, it was inversely related to
three physical problem characteristics——the number of squares not

matching (P=-.67), the Buclidean distance function (p=-.68), and the

City-Block distance function (p=-.71). These negative correlations
suggest the rossidility that students worked faster and made moves more
quickly when they could see that many numbers would need to be moved,
especially if these numbers had to be moved long distances in the puz-
zle. ‘ ' '

The intercorrelations of the physical problem characteristics im
rows and columas 9 to 1% shov that the more highly related problem
characteristics vere solution path length, the number of sguares not
matcking, and the two distance functions. For this set of problems, _

the Fuclidear and City-Block distances were virtually idenmtical (p=.98).

Although the number of rows rnot matching did not .relate to other physi-

cal problem characteristics; the numder of columns not matching did

correlate witk the number of squares not matching (P=.81) and the Eu-
clidean distance measure (P=.60). Whether the number of rows or col-
umns not matching was more or equally related to other physical indi-
ces, however, is strictly deperdert on the particular set of problem

replications used. . - ' = : :

Assessment of Individual Student Performamce

. Scoring metheds. For each individual problem two scores were com-

suted—-Score 1, defined as the number of moves the student required

divided by the minipum aumber required, and Score 2, defined as Score 1
_divided by (corrected for) the Special Difficulty Index. Four total

scores were also derived—Total 1 and Total 2 were the averages Over
the problems attempted of Score 1 and Score 2, respectively, and PROPS

and PRGPM were the preportion of problems attempted that were solved

within the maximum allowed moves (PROPS) and im the mizlmum number of
mcves (PROPM). Table 4 shows the means, standard deviations, and range -

of all these scores for the present sample.

problez, thus not havimg a score (Score 1, Score 2) for each problem,
the four total scores were obtainable for all students (N = 55) as a
result of the way these scores were defined. PROPS and PROPM can be
considered additive scores, which essentially total the number of prodv—

 Hote that althougn not all students worked on each individual

lems solved or solved optimally; whereas Tdtal i and especially Total 2
take into account the pattern of scores across the problems ‘attempted.

The latter two Scores would appear to be particularly appropriate for

35 1




B ) ~ Table 4 S
Mean, Standard Deviation, and Range of Four Total
Scores and Thirteen Individual Problem Scores —

- , Best . Poorest
Standard Score _ Score

Score _ " Problem N Mean Deviation Obtaimed> _ Obtained>

PROPS 55 .83 = .12 1.00 .50
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dyote that higher numbers represent better scores for the PROPS
_§§§ PROPM scores and lower numbers reflect better scores for the
Total 1 and Total 2 scores. |

adaptive testing where not all students work on the same problems.

Fron the mean PROPS score it can be seen that the average student

solved 83% of the problers attempted in the maximum allowable moves.

At .least one student solved all the problems attempted (best score =

©1.00), and the student with the poorest score (s50) solyed only half of
the problems attempted. The PROPin data indicate that the average stu~

-dent solved 66% of the problems attempted in the optimal number of .
- moves, with jféjbttiaﬁs‘réngingffromlloez';9ﬁ3§§75913g¢79;tima11337”The'
Motal t mean score shows that the average Student required 25% (mean =

..1525) more moves than optimally required to solve the average preoblem:

i '; .é;é? :




it least one student averazed 70% zore moves tkran requirnd (noorest
score = 1.70), and ome solved all problems attempted in the minimum
number of meves (EéSt score = i.OO).

tion of moves greater orgless tﬁan the_m__ U By the

roup as & whoie. ThBis ts ‘also true.for the ¢ifference tetween the two.

individual probiem scores, Score 1 and Score 2. Thus, oy definition,

the- mean Total 2 score and mean Score 2 equal 1.00. The vest Total 2

score was .84, indicating an average problemw solution of 16% fewer
moves than the group norms whereas the poorest Total 2 score was 1.38,
indicating that one student required 38% more moves on the average than

did the average student in the £roup. .

the Special Bifficuity Index (i.e., mean n&mber of moves requireu Ty

the sample divided hy optimal number of moves).. Howvever, the data in

: Table 5
Independent Judges Ratings and Mfean ‘Rating (MRATE) of

ol

- Student 1 3
1 6 6 7 6.3 36 6 4 4 &7
o2 7 5 & 6.0 31 6 5 7 6.0
3 6 6 7 6.3 32 '3 3 3 3.0
4 4 & 5 4.3 33 2 3 3 27
5 5 5 5 5.0 34 7 8 6 7.0
6 7 7 8 1.3 35 8 6 1 7:0
7 6 .6 8 6.7 36 5 4 7. 5.3
8 4 3 6 43 . 37 2 3 & 3.
9 7 5 71 63 38 7 6 2 5.0
10 8 6 & 7.7 39 & &4 5 5.0
1 4 3 6 4.3 46 - 5 5 5 5.0
12 "8 8 8 . 8.0 41 5 5 6 53
13 5 5 6 5.3 42 4 5 & 5.0
14 A 4 5 4.3 43 9 8 9 8.7
15 2 -2 3 20 4 & 3 2 3.0
16 3 3 4 33 45 -5 4 6 3530
i7 . 8 8 8 8.0 46 7 7 8 73
18 7 5 & 6.0 47 5 5 5 5.0
19 6 5 5 5.3 48 5 5 6 3.3
20 5 5 5 5.0 49 33 3° 3.0
21 & 5 5 4.0 50 ‘8 8 8 -8.0
22 '3 3 3 30° 51 7 6 1 6.7
23 8 6 -7 7.0 52 2 2 1 .17
24 6 & 5 5.0 53 7 5 8 6.7
25 6 .5 5 5:3 54 "2 3 2 2.3
26 3 3 3 3.0 55 1 2 2 1.9 )
27 g8 8 7 -~1.7 . " Mean 5:3 4.8 5:4 5.2
28 3 '3 3 3.0 5D 2:0 1.7 2:0 1:8
29 &6 5 5 5.3 :

|
a
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~?adle 4 show d;i;fferiﬁg levels of &ifficulty for the 13 problem

S a 1n=
dexed by Score i.. For example, Froblem S (mean Score ¥ = 1.45) was
21

o -

---gore difficult for the sample tnan Probiem 4 (mean Score 1 = i.

-since Problex & required an average of 45% more mcves tnan tne_ﬁ;iimai——————

‘ww\ w

‘Q\

__nnmherzze:susvzéx—ﬁéré—i&?éE:%&ai—fﬁe—bptImar numBer for Proviem 4.

B

;:::;——Sccre—i——ttkE“Tbta; 2y indexes performance relative to the mean

student. As a result, the mean Score 2 across all studerts is 1.00 for

gach problem by definition. Values of Score 2 below 1.00 indicate
fewer moves than the average student, and scores greater tham 1.00 .
reflect more moves than the average student. ExXamination of the best

-and poorest _values of Score 2 indicate considerable variability &n

-~ student performance on the ‘problems. The best student on Problem 13
completed the problenm in two-thirds of tne average aumber c¢f moves
required by the. average stu&ent, and the poorest student on Preblem z

required 2.88 tires the .average number of zoves.

‘Table 5 contains the ratings om a |

. iudgesf razingg of gggiernance. s on a

-10~point scale of each student’s overall test performaace by three inde-

pendent judges and the resulting mean rating (MRATE) used as a criteri-
ot in this study against which to compare the alternative scoring meth-
ods. _The mear and standard deviatibﬁ of each judge’s ratings and the
overall mean ratings are also shown. The means of each column were._ all

‘close ta 5.0, which is appropriate, since the judges were inStructed to
~assign a rating of 5.0 to students with average performance. The simi-
lar standard deviations irdicate a comparable spread of judgments by

each judge. For only 6 of 55 students did any two judges differ by

more thar 2 in their assSigned ratings; of these 6 students 4 were in-

consistent in that they performed either very weill on most problems and

very poorly on a few (Students 8 and 11) or well on some difficult

" provlems -but less well on easier omes (Students 37 :and 53). One of the

' ‘students (Student 36) did not have data for three prodlems on an impor-~
tant part of the test, making it difficult to évaluate that student’s
overall performance or the test. _ B A
~~ Table 6 shows the results éf,tﬁé interrater reliability amalysis..
As Table 6 shows, most of the variance in ratings was due to individual

‘Vtif?erencéé iﬁ Stﬁ&éﬁt performance, and substantial interrater reli=

Studeats (5) & _sazs 9.3
Judges () - N2 Tils s
Error (é X 7) ‘ 108 - 75.4 .7

| Belatioesh_g between judges ratiggg g scering methods. Table 7

- shows the Spearman rank-order coefficients between each “of the individ-

- uyal total performzance scores (PROPS, PROPM, Lotal\l. and Total 2) amd

. MBATE.: In terss of its relationship with the other scoring methods and

- MRATE, PROPS was clearly the least adeguate total score. This is not
’ﬁsurprising, since this scoring gethod does not use important informa-
“"tionm op the differential number of moves that are less \than the maximum
. ‘allowed. The highest relationship between scores was bé{feen Total 21
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and Tetal 2 (r = .SE); these scores undoubtedly are so similar im this
study because the test was not adaptive. Most students. atteapted the.

sare problems; so that the Total 2 adjustzent for the difficulty leyel —
of the problems attempted did not differentiate between students. In.

———~f——an'adaptfve test where students converged on proolezs of varyiag dlffi-

expected to differ appreciabiy.

Table 7
Spearman Rank-Order Correlations Between Individual
AAAAIbtalezeziozmanee Scores and Mean Performance Ratings

. _Score _ _PROPS __ PROPM _ Toral 1 Total 2
.PROPS T
PROPM 71
Total 1 -.79 -.88 .
© Total 2 =.7% =.81 .96 _
. MRATE ’ .68 .87 ~.85 =.89

Note. All Spearman coefficientﬂ significant at p < .001L.

Although the co*relation of these two scores was high, examination

of the students: vho were classified as the best performers by each

score showed that they did evaluate performance differently. The top

10 students on each score were essentially the same grcup, with the
exception of three students wno had the top three Total 1 scores but
ranked 14 through 16 on Total 2 scores. All three of these studants.
worked only on the easier problems. and solved them all io close to the
optimal number of moves;) as a resuit; their Total 1 scores were kigh:
Jowever, many students who dié well on the more difficult problems re-

ceived higher Total 2 sccres as well; because such scores take into

'Aaccount the difficulty level of probiems attempted.

If the judges” ratings, which examined each protocol 1n a more

comprehensive way, were used as a criterion against which to evaluate
the different scoring methods, Total 2 was slightly but not signifi-

"cantly better than the PROPM and Total 1 scores. The judges, in de-

scriving how they mades their ratings, were clearly taking 1into account

not only the number .of moves beyond the optimal number (Total 1) tut
also the relative. difficulty of the problems attezpted by each studeat;
therefore, if students had worked on problems of more varied difficulty
levels, Total 2, which takes both these factors into accouat, would.

seem to be even more superior to PROPM and Total 1.

Gcnsistenex of gep£armance across problems. Important for the

usefulness of this probleu type in assessing spatial prcblem-solving

mance criteria can be identified across probIEm replications of similar
and. varying aifficulty levels. Tabvle 8 shows the imtercorrelations of

the total number of moves used by students (lower triangle) and the ‘
intercorrelations of:the number of illegal moves made (upper triangle\,
across the 13 problem replications. The correlations in the lower half

of Table 8 fail to demonstrate strong coasisténcy of the Numbder of
Moves performance measure across problems. That is,; there was-not a

consistent tendency fcr stuggnis to rank order themselves sizilarly

across problems on this performance score: Some small clusters of sta-

tistically significant and moderate size correlations existed between

Problems 2 through 4, Problems 5 tnrough 10, and to a lesser extent

-
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- between Prodlems &, 10, 12, and 13.: These modergte positive correla-

tiorns, which tend to be located near the diagonal, suggest that al-
though individual differences as indexed by total number of moves were

not very consistent. for the narticular set of problems used kere, con-
sistency of performance .was more likely to be obtained across prcblems

of more similar &ifficuity levels.

ﬁrprobable reason for the lack of consistent performance across:

problers is the small variation in performance for most of the problems
due tc the overall easiness of the test. With the m&jority of students
solving many problems in the minimal or clos® to minimal aumber of
noves, the low_ variability of the performance Scores across problems
would greatly decrease correlations.

Similariy, there was not a strong tendency for the same stuients

to make more illegal moves across problems, as indicated in the upper

half of Tabdle 8. However, many more moderate and statistically signif-
icant correlations existed than would be expected by chance. It was
originally expected that the numder of illegal moves might relate to
difficulty in understanding the instructions and problem task. The

small number of illegal moves made by students on most problems (see

Table 2), however, not only decreased the likelihocd of large correla- .

tions across problems but also suggested that the moderate correlations
that did ;appear were due more to careiessness on the part of some stu-
dents in/entering their responses on the ChT. - -

moves made by students, in&icative of backing up in the protlem solu-
tione got surprisingly, them; no strong consistency across problems

d for)this performance index (see correlation matrix in Appen- '
e F-1

was fou o4oMTlVy el
dix Tab

 Tqd examine the relationship bétween the number of legal moves,

used, the number of illegal moves, and the number of repeated moves
within|a single problem and across prodblems; the intercorrelation ma-

trices|.between these performance indices were computed (see Appendix
Tables/ F-2, F-3, and F-4). If all three indices were related to abili-
ty to olve these problems, they should be related to each otkher witkin
and across problems.. Examination of the intercorrelation matrices dem-
onstrdted that the number of total; illegal; or repeated moves on the

same or on a different probdliem were not highly correlated, witk the

exception that within the same prodlem the numbder of repeated moves

correlated moderately highly (average r = .4S) with the number of total

poves (sée Appendix Table F-3). This latter relationship is not sur-
prising, since it 15 a part-whole correlation, with the number of rea-
pe&téd moves being iﬂéi&déd in the total number of moves.

Another way to examine consistency of performance is to relate

~performance on individual problems with performance on the test as a
whole, as indexed by various total scores. These "item~-total” correla-
tions, Shown in Table G, can,assist inm. selecting the probless that are
most discriminating: 1In Table & the five or six highest correlations

in each row are underiined. These data indicate that gecerally prob-

lems in the middle range of d@ifficulty (Problems 4 tc 10) were most

discriminating., Since correlamions between individual problem scores

. 38




correlations, the last two rows of Table S show the correlations be-

tween & problem Score and the total score on the remaining problems.

%§;n%mihe,tvo total scores discussed earlier as belng tne most promis-—
ing 1 otal ). S1AErIng -t2al Laf BIUDLeR~ELl
scores consist of only 12 items and that the easiest and most diffi-

otal 1, Total 2). Considering that the problem~excluded total.

cult protlems were not very discriminating, some of the correlationms

are encouraging. The data suggest that if several proolems can be

tailored to the same difficulty level (see discussicn of Tadle 5 a-

- bove), one appropriate for each inmdividual student, improved reliabili= o

“ty may be obtained. =

-t

... Table9
Product-Moment Correlations Between Individual Problem Scores

(Score 1; Score 2%) and Several Total Test Scores, by Problem - _

S . Problem i _ e —

Total Score 1 2 3 4 . 5 6 7 8 9 10 11 12 — 13-
PROPS =07 =21 =20 =41 =36 -.47 =26 -.31 -:47 -:38 -:25 —:36 —:42
PROPM - -.11 -.32 -.18 -.44 =35 -36 -.58 . -:29 =46 =40 -.21 --.37 -.38
Total 1 06 35 .26 53 55 49 .60 .41 .49 .43 .26 .33 .27
Total 2 .06 .36 .27 .56 .61 .49 .61 .43 44 53 .32° .28 .22

Total 1 .06 .14 .26 .30 .30 .31 .39 18 26 27 .15 .18 .10

Total 2 .02 .11 .23 ..32 .39 29 .42 .21 .26 .28 19 .16 .10
¥ote. 1If |7] > .36, p < .01; 1f |7 > .27, p-< .05.  _ -+ -
3gince Score 1 and Score 2 were linear transformations of each other, correlations with
~ total scores were identical. '

 Comsistemcy of latency measures across-problems. Table 10 shows
the intercorrelations of initial response latencies (lower triangle)

and average respomse latencies (upper triangle) across all 13 problems.
" The initial latemcy correlations showed a moderate 'to strong tendency

for individuals te be comsistent in the amount of time they spent inm

initial study of a problem prior to taeir first move:. There was anm
even stronger tendency for the average time per move to_be comsistent

-across problems, with most of the correlations ir the :30 to .50 ramge
and many in the .70 to .80 range.

. Dabie 11 shows tke intercorrelations of the total time spent om
eack problem. These data indicate a moderate relationsiip across most

-

problems.

Thus, there seemed to be a substantial degree of consistency in

the initial; average, and total time taken by individuals in working on
these problems. The.response latency measures may tap differences _in.
the cogpitive style of reflectivity wversus impulsiveness {(Eagam, 1S83;
Kagan et al., 1564) or the degree of planning by tke student. Since

all three correlation matrices (initial, average, and total iatenpcies)

showed a slight tendency for the correlations to be largest near tae

diagonal, the work strategy or style of each student may vary somewhat

at daifferent points in the test, bvelng more consistent for Drobiems
that are worked on cleser to each other in time. - :
The response latency measures may also reflect irdividual d1feFe

39 -
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i Table 10
Iutercntreistions of Initial Response Latencies (Lower Trianglé),
e Latencies (Uppe

sr Triangle) for 13 Problems
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- ences . in the speed ¢f spatial information processing, which in this_
.. case represents the efficiency with which a sequence of moves can be -
- traced out visually-and rwainmtalined in memory. Such differences may or
-~ may not show up in the performance measures, since students may compen-

sate for slower information processing speeds with more care and slcver
. response latencies. o ) L . -

- - latency tremds. TFigure 2 shows plots of response latencies im _
. seconds (vertical axis) versus the numbered moves (horizontal axis) for

. 'sampled probtlems for two students who performed very well on the test

as a whole and for two students who verformed poorly, based on MRATE:

‘—-In each graph an * indicates vhere the plot would have ended had tne

.. problem beenm solved in -the optimal number of moves. Graphs which con-.

». tinue beyond the 27th move at the right end of the horizoxntal axis were
not solved by the student. R T : :

.. The graphs shown here suggest that good problem solvers (Students

- A and B) had larger initial study times for Move i. Althoughk this_

' seemed to be the’case for some of tihe good problem solvers; typical
‘~ initial study times for other good .problem solvers indicated that this

. 'was not a consistent trend. Most of the latency graphs exacined did
- seem to te characterized as fecllows: . ' -

1. Generally, initial latencies were longer than the latercles
‘for 'subsequent moves: - L : o .
"Spikes” in the graphs frequently occurred every several _
- moves, indicating that the studeat was restudylng the prodlenm

o o | %ii'_'
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and/or evaluating his or. her. _progress. Eithéﬁgﬁ,ﬁbé analyzed
systematically, some student’s graphs {(e.g.; Student % in

Figure 2) seenm to be characterized by higher spikes than

- _  others. _ .-
3. TFor. problems that vere selved, 1ateneies tYpleally &repne& to

o . 2 to 4 seconds for the last 3 to 6 moves, .indicating that the

solution path had been discovered.: This finding may be con-

e g——— — — — - —

Sistent with short-term memory capacity research which indi- ‘

cates that somewhat fewer than seven chunks" of information

. can _be maintained in short-term memory while other cogritive.

resources are being allocated simultaneously (Kintsch, 1977

. p. 189).

4. Poorly solved problems ofte:n shewed a cgnsnieuons absenee of -
spikes or restudy points. In Figure 2 Problems 10 and 12 for
Student C and Problem 8 for Student D exempiified tkis point.

On the other hand, -there were problems solved :poorly which did

- o m2=_ &2 o= i

contain spikes or restudy points (e<gs, Problem 13 for Student

€C), indicating that the student was trying to 5et back on the
right track. , - :

- Overall. some trends vere suggestive, but they ware by no means ,
universal, Although perhaps providing clues to the work styles of some
~students (e.g., impulsive responding with few, if any, study points),
~ the latency trends appeared to be too idiosyncratic to be very useful
. from & psychometric point of view,

Tﬁe correlations between the numbder. of moves students used and the

initial and average move latencies for each problem indicated no rela-

tionskip between these latency measures and performance with a single

problem. Similarly, when initial and mean latencies for each problem

- were correlated with total .scores (Total 2) and WHATE1 no .significant

correlations vere found (see Appendixr Tables F-5 and F-o).

Not surprtstngly, proﬁlems tﬁat ‘were not solve& well toek longer .

whicﬁ shows the correlation. of total time spent on each problem wita

the number of moves needed (and, hence,; the 1ndividual problem.scores

- Score 1 and Score 2):; This relationship held for all ‘prodlems except

. Problems 1, 3, and 123 conparison with the difficulty index in Table 2

- Table 12
Prodnc:%mnt C’orrelatiant Fetm Totsl Time Spar: on Em:h Probim

m::fmmr by Problem

' Performance . ' R Problem — } ’ A
"% Messgre. 1 2 __ 3 __ & 5 6 7 8 9 10 11 12 13
Individual T ‘
- Score 05 61*® 09 73%k @2%% L4o%%k 75kR g7EE LOFk 3%k 3Rk 27  4Q%%
Total 2 . ~12 26 =09 35%% 34%% 09  41%k 35%% 13 - 02  28%% 1§ 17

CMBATE - . 12 -28 03 =31 S33#% C14 374 -31% 30t -08 =27 =04 00
. Fote. Decimal poiuta are omitted.. ' - ~

. ~'#Statistically different from zero at p‘.OS. o .
-""**Statistieally d:l.ffetent from zero at p< .01+ - -




. dents thought they did fairly well on the test, 30% thought they did

. -

shows that the relatienship was stromgest for problems of middle d1ffi-
culty levels (Problems 4, 5, 7, 8, and 11). When total provlem time ‘

for each problem was correlated with students’ total test performance,
%g indexed by Total 2 and :MRATE, these saze problems related most high-—-
y ; - . . . .l -

‘Motivational and Biographical. Data .

~ Table 13 shows the frequency and percentage of students endorsing

various response alternatives to questions about prior experience, per-—
ceived difficulty, motivation level, and seif-evaluation. Regarding
prior experience with this probdlem type, Question i indlcates that 40%
of the students had mever worked on this problem type, 58% had done so
a few times, and only 2% had worked such problems many times.

~_ Describing how students.are to snlve these problems and enter
their moves in a sequence of computerized instructions has certainm dif-
ficulties, but the responses tc Question 2 indicate that nearly all
students had little or no difficulty understanding the instructions. - .

Most students thought half or more than half of the problens were

~rather easy (Question 3), were not at:all or only slightly nervous

(Question 6), and either enjoyed working on the problems or were
neutral 2bout. it (Question 8). Responses to Question 4 suggest that
the instructional. sequence and experimental conditions did not succeed

in motivating most students to try hard to solve all of the puzzles in

" as few moves as possible. This less than optimal motivation under

conditions where the test has no particular importance to the student

is probably more of a problem for tests of this type than for more

~ traditional psychometric measures, since each item cr problem requires
WOTE perseverance. . : .

It is difficult to say how much the scores in this study were af-
fected by some students being less concerned about optimal performance.

..Hoyever; to examine this question with the data available, the pean

_ total:score (Total.2) and MRATE of students responding to Question 4
" with 'a {mean Total 2°= .96, peagn MRATE = .5.59),

mean b (mean Total 2 =
1.02, mean MRATE = 4.93), and ‘¢ (mean Total 2 = 1.03, mean MRATE =
4.65) vere compared and mo -significant differences found.  « -

""" Questlon 5 ir-icatés that about half of the students thought the

length of the test affected their motivation. Fina 56% of the

Finally, 56% of the stu-

" pot do very well; and 10% had no- idea how well they had done (Question
7). For future research with this type of test, it would be of inter-
est to have the compuier ask some of these questions during actual
testing so that students” motivation, anxiety, difficulty perception,

%hd confidence could be related to the simultaneous guality of thelr
solutions. : ) ) - ' e ) ) R

‘It is important to know to what extent a test measures prier ex—
perience with the assigned tasks. Differences in test performance due -
to prior experience may be desirable. cr undesirabdle depending on the
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Table 13 o

P

_ ' Bistributions of Responses to Puzzle Raact.;on Questions (¥=50)
. o & Question S ’ N z
1. Before today, how often have you worked on this kind of puzzie? - C
a. tfever: ' 20 40
b. a few cines ' ' : . 29 58
c. many times - - 1 2 S
2. How much difficulty did you have’ un&éfétami;lng the instructioas before :
starting the puzzles? » ' -
: a.  no difficulty : . ’ ' 33 78
b. a little difficulty ' _ 10 20
c. mch difficulty £ : o ) 1 2

-

: 3. Which of the foﬁawtng best déééfiﬁéé ﬁfﬁi difficult you thought the ,
i puzzles were? .. . 7 : _ : S

a. ALl of the puzzles vers easy | 3 &
b. A few puzzles were difficult, the rest were rather easy - 27 54
c.” About half the puzzles were easy and half were difficult - ‘15 30
d. A few puzzles were easy; the rest were rather &Eficult ' 5 10
0 0

e. All of the puzzles were difficui:t

4. Which of the following best describes your attitude towards completing

the puzzies?. _ _ o L
) a. I tried hard to soive 311 puzzles in as few moves as possible 18 36.7

. b: I tried hard to solve most but not all of the puzzles in as R

few moves as possible’ : 19 38.8

c: I tried to solve the puzzles; but was iot very concerned about o

. using as few moves as possible _ 12 - 24.5
‘'d: I didn't care whether I solved the puzzles or niot , : 0 0
5. Did the length of :he test arfect your mocivation" ) o
o a. mnot at all » _ : ' 19 38
b. somewhat - : , - 26, 52
&. quite a bit : - : o 10
6. Were you nervous or uncomfortable while workiﬁg on the piizzles? S
' - a. mnot at all T : 33 66
-, b. somewhat - : D . 17 34
- c. very much SO ‘ : : 0 0
7. How well do you kthink you did on the puzzles’ .
: a. very well 4 , -2 4
b. -fairly well 28 56
c. 1ot very well 15 30
[ 5 10

' d. I don't really know

. 8. How did you feel about ﬁorking on the puzzies?
a. I disliked it a lot

/b, I dislikwl it somewhat

c. - I felt neutral about it

d. I enjoyed it somewhat

——es I enjcyed - a lot

N
a\m‘:uﬂww
HwninNg
NININIGO oY .
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test application. 1In this study, a general peasure of spatial reason-
ing ability was sought so that performance scores would not be signifi-

cantly-deterrined by prior experience witnh any specific spatial task:

" A comparison of the mean Total 2 score (.S8) and performance ratings

(5.55) for the 20 students who reported no prior experience with this
probvlem type and of tbe mean Total 2 score (1.0¢) and performance rat-

“ings (4.73) for the 30 students who reported having worked suchk probv-
.lems a few or mary times (see Question 1) showed no significant perfor-

mance differences based on stated prior experience. <fimilarly, a com—

parison of male and female mean Total 2 scores (1.00 versus 1.00) and
mean ratings (5.09 versus 5.25) also showed no statistically signifi-

cant differences. - . 3

" Perceived Difficulty Ratings

Dimensions of Perceived Difficulty

 Table 14 shows the proportion of students reéporting voluntary use
of various rating dimensions in taeir protocols while sorting the stim--

pared 1ist of dimensions provided by the experimenter after the Sbft;ggf

was completed (see Appendix D for the rating booklet). The last column

in Tadble 14 shows the percentage distribution of frequencies with which
each of the dimensions in the prepared list was used. . Table 14 shows
that all dimensions were reported less frequently in the free response
voluntary protocol situation than when the prepared 1ist was used.

This would be expected, since some students might not have thought to -

report a dimensicn they might recall using when prompted later. How—

ever, the large discrepancy between theseé two- columns for Dimensions k
{number of columns not matching) and i1 (number of rows not matching)

would suggest that these twe dimensions were not very salient, desplte
thé high proportion of students endorsing these dimensions post hoc.

of these dimensions in-the voluntered protocols, further Suggests that

something like social desirability responding was occuring in the pre-
pared list condition. - -

. in examination of the percentage distribution data im the last
column indicates these less relevant dimensions were most often report-=

~ed .as being used in Some or Nome of the problems. It seems likely that
if students endorsed prepared dimensions that bhad mot actually been. .
used or that were not the most salient, tkey would endorse the Some

category rather than the All or Most categories. Omn the other hand,
the dimensions reported as being used most oftea in the voluntary pro-
tocols were, with the exception of Dimension c, endorsed most heavily
in the A1l or Most categories in the prepared list. Thus, the data

from the voluntary protocols, im conjunction with the &1l and Most cat=
egories in the freguency ratings, would seem to be the best imdicators

of the most salient rating dimensions that students thought they were
V;ﬁgiﬁg. ' h

From Table'14 it is clear that the most salieft rating dimensicn

'vas Dimension a, the number of moves required to solve the puzzle
(i.e., the solution path length). Ninety-three percent of the siudents

voluntarily reported this dimension ir some form in their protocols,

] 4;’;
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 Table 14
.~ . Dimensions Used in Rating Perceived Difficulty
o L ‘Percentage of Studemnts . = Percentage of Time .
S Reporting Using the Students Peported Using
Diﬂension on at I.ezst Some  the Dimemsion in Rating
- ). o MHW—
S : Voluntary  Prepared o
Dimension ~ Protocols List =~ A1l ' Most Some Nome
. The number or - - _ '
7 explication of moves 93 - ' 98 35 35 - 28 2
 b. Whether can "see" : o e o
_ solution 68 | 100 - 58 28 14 0 ‘
c. Number of squares e o L _ _.
not matching 58 91 .26 30 35 9
d. Amount of time to : - ’ o o o S
- solve , 50 - 93 - 53 26 14 7
e. Tyipeérof moves B E : B ‘ . a
o required ¢ 50 : - - - - -
£. How far apart certain - : : : :
_ pumbers were 43 ' 86 16 30 42 14
g. How much thought . - .
} _required o . 32 - - - - -
k. The number of columns o L. L _ B
_not matching . 18 : 72 19 23 30 .28
i. Number of rows ' . I o .
~ _not matching it : 81 21. 2% 35 19
j. Location of empty : o . - .
~_ space in left pattem . 7 - 63 16 19 28 37
k. Similarity to already ' _. y
. solved puzzle ' _ 2 - - - - -

1. Whether one patterm:
was in numeric order _ o ) _ L
from 1 to. 15 - . . 0 39 © 2. 2 33 . 60

Note. Missing entries are for dimensions not included in the prepared ];ist but
reported by some students in their voluntary protocols. : :

aggfv;gggegizfaie stu&ents (S8%) selected the dimensien ia the prnpared
1ist condition. The other _most salient dimensions were Dimension b,

whether .the student could "see” the solution or not; Timension ¢, the

number of squares not matching in the two patterns; Dimension &; the

time the student felt it would take to solve the puzzle, Bimenston e,

oy e

the type or nature of moves required; and Dimension f, now far apart

certafn—numhets-vere“in-the—two—pa%terns., -Pne-relative rank-ordering ———
or salience of these dimensions would be difficult to justify, since T
they are not independent, and a student reportinmg the number of sguares

not matching in his or her protocol could have been taking the distance

between squares into accouﬁt as well,; without explicitly reporting this

_dimension.~

A further auestion can be raised as to ‘whetner some of these rs-

ported dimensions are really rating dimensions underlying. difficulty .

judgments or are actually synmomyrmous with difficulty itseif. “This

would seem toc be the case with Dimensions t and d.in Tadle 14, If stu-

'dents had been asked to rate wheth=r ‘they could readtiv see the soiu—




tion” or "how puch time it would take to Solve the puzzle,” the rating
task might be equivalent to rating the difficulty;. ana such physical
problem characteristics of each puzzie as path length and the distaznce
between various numbers would prebably underly these judgmerts as well.
- It would seem, then, that the dimenmsionas rost izportact for students in
evaluating-the difficulty of these problems were the solution path

A

length, the number of squares not matching in the two patterns, and the

distance dimension of how far apart certain squares were-in the two

‘patterns: Since np dimension was used for all problems, it sees
likely that the relative importance of each digension varied somewhat

te compared.

for each problem; depending on the particular pattern configurations to

Individual Differences in Mean Perceived Difficulty

Table 15 summarizes the mean difficulty ratings for each of the

four 15-puzzle problem sets separately. These data stow that there

were-substantial individual differences in the level and variation of

difficulty perceptions, even for the same problems. For exanple, for

Stimulus Set 1, although the average student thought the problems were

Zasy or Somewhat Easy, one student thought the average problem in the .

set was Very Easy and another thought the average problem was Somewhat

Difficult. 1Individual differences in perceived difficulty of the prob-
lems within stimulos sets was also evidenced, since about two-thirds of

the students utilized all six rating categories, but about one-third
utilized only the four easiest categeries, and ome student rated all
stirull with the two easiest categories: Wwithout data for the same
students on an independent rating task irrelevant to the difficulties

rated here; it is not possibdle to determine to what extent these indi- -.

vidual &ifferences reflect response biases in the uss.of category

~rating scales;j but it seems reasonable to assume that the differences

-found do iadicate some true perceptunal differences in perceived diffi-

"culty. Presurably, these differences reflect ‘individual differences in ~

term memory. _ :

tbe 3bility to visuvalize and to-madigtain @ sequence of mowes in short— -

, Table 15 = =

- Tndividual Differe in leulty Perce o

B i T R — Individual Mean Ratings. —
Set Lowest . ~__ Mean - Highest
X 1.12 Very Easy : 2.57 Easy/Somewhat Easy . 3.77- Somewaat Difficult
2 . 1.94 Rasy 3.13 Somewhat Zasy . 3.82 Somewhat Difficult
3 1.69 Easy 2.63 Somewhat Easy 3.44 Somewbat Easy/
- - ~_ Somewhat Difficult °
4 1.76 Basy . 2.86 Somewh : e nii

2erceived Difficulty and Number of Moves -

That the obtained. individual differsnces ia perception seem to bs

reliable is suggested by the data in Figure 35 which shcws the per-
“celved difficulty ratings of four studeats within Problems © and 10 as
the distance iz moves from the start puzzle configuratior approached

the goal puzzle configuration. These graphs were obtained by having .

-students rate the difficulty of reachirg tke goal, not only from the

start configuration, but from various intermediary configurations dte-

twveen tke start and goal comfiguration. Thus, fgr example, . in Figure

49




N ... Figwe3s '
Perceived Difficulty Within Problems 9 amd 10 for 4 Students

N Cg i

- (a) Problem 10
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'was present in pearly aill combinationsof-studenés/ﬁndETObléms exam=
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3a it might be presumed thét if Student S were actually attempting to _
solve Problem S, the puzzle would look Screwhat Difficult to him or her

until he or she was about 7 moves away frem the goal; tnen difficulty

would drop off rapidly until he or skhe was 4 or 5 moves from the goai, -

when the puzzle would appear to be Very Zasy. : N ,
‘Note that across both the problems shown in Figure .3, the four -

students show marked comsistency in hov they perceived the difficulty
o? different puzzle distances. For example, Student-4 perceived bdoth

problems as easier than the rean student at all distances from the -

zoal, whereas Student 6 perceived both problems as more-difficult than

the mean student did at all distances from the goal. :Even-though only

a few examples of students and problems are showe in Flgure 3,/tals YN

‘tendency for reliable individual differemces ir difficulty perceptions .-

ined. These data suggest that if the difference ,1n,aiffiqu1ty_pen¢§a

tions relate to performance; then reiiable individual performance.dii
ferences in solving these problems should be 6ﬁtéiﬁaﬁlé;;{;¢3;_ S

Relationship of Difficulty Perception and Paih Lemgth
Since path length seemed to be & dominant dimension in the student

§§6%666is; difficulty perception scale values were correlated and ‘plot=

- Figgre &

: Bivariate Distribution of Perceived Difficulty. .
1 , Mean Scale Values and Path Length for 67 Puzzles - .
3 S.a09 : ' - ) .
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ted against path length for all 67 puzzles. Figure ¢ shows the sCat—

terplot relating sclution path length of each puzzle to its meanm scale

value. Although the correlation vetween the two variadles was .68, the

relationship between tbe two variables was not strictly:.linear at the .

right, or high, end of the plot. Although end effects must always be
copsidered in category rating scales, the fact that students could have
‘assigned higher ratings at the high erd of the curve would suggsst that
the flattening of the curve for long path lenmgths represents a real

effect. Students apparentiy could not discriminate differential path
lengths.greater than about 16. FPerchaps a secondary rating disension,

such as the distance betweea pumbers in the pattern or the number of

squares not matching in the two patterns, is important ian differenti-
ating problems with longer path lengths. :

. _ Pigure & also provides estimates of how difficult puzzles with
different path lengths will appear to the average studert when begin-
ning work on a problem. A puzzle perceived to be Very Easy would cor—.
respond to a value on the vertical axis inm Figure 4 -between 5 apd 1.53
Basy ggg;;gsquni&,range from 1.5 to 2.5; Somewhat Easy, from 2.5 to
3:5; Somewhat Difficult,; Prom I<5 to 4.53 Lifficult, from 4.5 te'5.57%

Bivariate Distribution of Standard Deviations of

' Percelved Difficulty Ratings and Path Léngth for 67 Puzzles
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. and Very Difficult, from 5.5 to €.5. Solution path lengths correspond-
ing to the difficulty categories overlapped Somewhat with Very Easy
ratings corresponding to puzzles requirirg 1 to~7 moves each,; Easy for
puzzles of 4 to 10 moves; Somewhat Easy for nuzzles ranging from § to

Difficult for puzzles with from 16 to 46 moves. -Nonme cf the puzzles\\

used here, which ranged from 1 to 26 moves, were rated Very Tifficult

by the average student.

L Figure 5 shows a_ plot of solution path lengths versus the standard

. deviations of the students”® category ratings. These data demonstrate

.that although students tended to agree more in their difficulty percep=-

tions for stipuli with short or very long solution paths, -there was

substantial disagreement in perceived difficulty for puzzles with path
lengths 1n the middle range, with a peak disagreerent for’ solution

- DISCUSSION AND CONCLUSIONS

Problem Cha ai.ezi_si_i.’_s - - o %

in indexing problenm difficulty. (1) the mean number of moves in the

sample, (2) the proportion of students solving a prodvler, (3)- the pro- -

portion of students solving a problem in the optimal number of meves,
and (4) the Special Difficulty Index. These four indices showed subd~
stantiél agreement in rank ordering the'difficulty of the’prbblems.

' Because it adjusts for &ifferences in solution path lengtﬁ whilﬂ_‘
alse taking into account the average number of moves required hy the

sanple, the Special Difficulty Index not omly appeared to bé the best

index of protlex difficulty but also correlated lower with the solution
path length of each problem than the other- performance. indices usesd to
estimate problem difficulty. This is a desiratle situation, since
longer puzzles were not always-the most difficult. Future research
with this problem type, should consider use.of some shortf but less — .

direct or obvious, probieas. - z

 The numder of illegal and rePeaied noves were found to be toc low
snd not consistent enough for individuals across problexs to be useful
perfcrmance indices, at least for tais problem set and samplas - -

Examtnatton of problem performance indices, the Speciai B*fiiculty

Index, and students’ perceptions of the difficulty of tae tesi problems

‘indicated that with the exception of Problems S, 10, 12, ard 13,7 the
problems were too-easy for ‘most students. For example. excegt for . ~
" these four ‘problems, 70% or more of the students .Solved each of the-

repaining prodlexms in the minimum number of moves. 1t seems likely

‘'that these bhighly skewed 2istributions of number of moves to completion -

"precluded high correlations of individual performance indices.across

E nroblems, since small absolute differences in scoTes across provlems:
. would be accentuated. Thus, the consistency across problems of the

numder of moves to completion was gemerally poor, with indications. of

only small to moderate consistency for clusters of problems of similar
difficulty. It is possibdle that if a more 4i7f ictlt set of probiems

-
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that were more similar in difficulty levels were adzinistered, better -
fmeasures of consistency of performance would be obta1ned., The item~-to-

"would be possible tc cbtalnm a more disciiminating subset of probless.
Because this was an_ exploratory study, however; no preselectlon of -
problems was possible. -Since the data suggest that better comsistency.

may be obtained using problems of similar difficulty ievels, an adap-

tive test; which tailors problems to the ability level of eack student,

should increase the reliability of measurement.

:Scoring Methods

Four._ alternative methods of scoring total test performance and two

methods of scoring imdividual problem performance were studied. The

- scores that took into account differential numbers of moves (Total 1,

Total 2)-btetween the optimal and maximum number allowed appeared to be

the best, on intuitive grounds, znd were also related somewhat more to

- judges” perforwmance. ratings.' The: Total 2 score, which also took into

account the difficulty of the problems the student attempted, appeared

to be the most meaningful score. Where other methods rarnk ordered. stu-

dents differently, the rank ordering provided by Total 2 was most

highly related to judges” performance ratings.. Although Total 2 may

appear to be additive in that 1t averages individual problem scores
{Score 2), e pattern or._ configurationtof individual prodiem perfor-

mance 1s taken into consideration, since the ind:vidual problerm scores
(Score 2) are adjusted for the d@ifficulty of each problem, as reflected -

in the mean performance of the sample on the problem: A4S a result,

students are penalized more for poor’ performance on easier problems,

relative to the group, than they are on zore difficult probdlems. -In
this way students who solve the same number of. _problems dbut_have dif-
ferent patterns of performance- will obtain different Tctal 2 scores.

Future research with this problem type will regu1re study of the

'validitv of the yarlious performance scores against relevant external

criteria. Since ' no such reliable criteria were available in this

,study, the meaningfulness of the scores was tentatively determined by
comparing tkese objective scores with judges’ performance ratings of
test performance. Strong indications of concurrent validity were

-Pound. Those cases in which the objiecétive score ordered students dif-

-ferently than the ratings indicated that wnereac the o2btjective score -

(Total 2) penalized students ‘more than jodges ratings for poor perior--'

-ault and for doing poorly on more difficult problems. &lthough it is

difficult to determine which measure is more valid without an external

criterion, the high correlations between the objective scores and the
juadges”’ ratings suggest some validity in both types of data.

Eatencies

77777 Mean initial and total latencies for each probiem were strongiy

related to scme of the performance indices of probler difficuity. That

is, the grour as a whole utilized longer initial study times and longer
total work times on more difficult problems. . Similarly. problems that

took longer to solve were initially.studied longer. The average laten-
cy of moves within a problém did not relate to probdblem difficulty.

-
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£t the ievel of individual performance, only total latency or
prodlem solution time was related to problem performance. Some good
problem Solvers wers characterized by very long initial 1atenci=s, but

this tendency was not universal. Many good probler soivers did not
intially study: the.problem longer than did the average poor problerm

solver. The average problem response latency measure did not relate to

individuai student performances.

Plots of latency trends across problems were interesting from a
descriptive toint of view in indirating that most students” trends
showed longer initial latencies followed by a few:quicker moves,; occa-

sional splkes indicating re-evaluation of progress, and finally several

very quick firal moves indicating that the seguence of moves to solu-

tion had been detected.’ However, no urniversal: trends in response la-
tencies seered to characterize go0od problem soivers versus poor problenm
solvers well enough to be useful in scoring or-predicting irndividual

perforrance. Latencles in this study seemed to confound differences in

dents work styles. Strong evidence for such work styles was found in

the consistency of initial, average, and total response latency mea-

sures across all problems. Students wko took longer initial study-
times, longer average times between moves, and longer total work times

as well.

?ﬁns\~¥hii° the re5ponse Iatency geasures were predictive of prod~
iem @ifficulty and indicated the existence of conmsistent siyles of -
probler-solving behavior, they did not appear to be useful ia scoring
dndividuel performance.:

of Pe ri rmance

Motivational and Eiegraphical éorr’e'iate's

~ Although the posttest reaction guestionnaire indicated that only’

4C% of the. students had never worked problems of this type. befcre, mean

performance scores between these s:udents and those who had previously
uorked such problems were not significantly different. .

any 3E 7% of the students reported trying hard to/soive all tie

problers in the minimum number of moves: Slightly more students saiad

they tried hard to solve most, but npt all, of the problems. Although
gean performance differences between subgroups reporting different
lévels of rotivation were not significantxy different, these data plus -
the fact that 52% of the students felt their motivation was affected by
the lergth of the test imndicate that total testing times may rneed be
shorter for this type of task than for tests with more "onventioiai\
iter formats. 1

" No sex differences in performance were fourd on this test. Thd&,\\
males tyrically show_ better spatial abiiity (Garai & Scheinfeld, 19€8
MacCoby & Jacklim, 1574) and restructuriang ability (MacGoby, 15661

Sweeney, 1552; Terman & Tyler, 1954; Tyler, 18€5) would seem toﬂpredic%*

male superiority on this test. On the other hand, females have gener-
- ally been found to be less impulsive : ~oﬁy’f°c6, Terman & Tyler,
16545 Tvler, 1065) and: better in perceptual sp~=d and fluency (Garai‘&"‘
Scheinfeid1~%°68?“ Tre failure to obtain sex .._fferences with this
—tVpe of task will only be of concern cnce more reliable measurement is

Q
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achieved. At that tipe, hypothesized correlates of these probless
should be examined' to determine whether scores irdex spatiel reasornirgz,

restructuring; impulsivity, or some other psychological variable.
Cimensions of Perceived Difficulty

o SN ~ B} o _ .
-, The most salient dimensions of perceived difficulty were the - =~
number :of moves required to solve the puzzle, the number of Squares not

matching in the two patiterns,.and the distance dimension of how far

apart certain squares were in the two patterns. Since no dimension was

reported .as having Eééﬁlﬁééﬁffor all problems, it seems likely that the
relative importance of each dimension varied somewnat for eack problem, _
dépgnding{bn the pértieﬁlér ﬁ&ttéfﬁiébﬁfiéﬁf&tidﬁS;

¥hen the actual values of these dimensions were computed for- the

problems used in the computer-administered test (see Appendix Table CJ,

a hypothesized rank ordering of problems by difficulty was obtaimed.
These three rank orders were quite similar (.51 < »p < .79) but were not

as consistent as the rank orderings for difficulty obtained froz per—

forrance indices-such as mean number of moves, proportion of students
solving the problem, and the Special Difficulty Index (see Table 3).
Thus, although these physical dimensions may.be useful as a tentative

index of problem difficulty for use in initial protlem selectioa prior

tc ‘@ata collection; the performance measures should provide mdore pre-

cise irdices of-difficulty once normative data can be obdtained.

. The actual perceived difficulty ratimgs skowed substantial imdi- = . -
vidual differences in the level and variability of difficulty percep—

tions, even for the same set of problems. Althougk possible individual’

biases in the use’of category ratirg scales cannot be discounted, the

data. suggest that the individual differences found were differences im

subjective difficulties relating to individual differences in ability

to visualize and to maintain a sequénce of moves in short-term memory.

Examination of individual difficulty perceptions across problems indi-

cated that these differences were reliablé. These data suggest that if

the reliable differences in difficulty perceptions do ian fact relate to
differential ability to visualize successful move sequences, then an

adequate selection of problem replications should be able to tap these .

differences, resulting in reliable performance differeaces.

- Comparison of the easy problems with the protlems -that challenged
students more in the computer-administered test suggested that too gany
of the problems could be solved in a reactive manner; that is, by re-

spouding to the, irmediate stimulus pattera without trying to visualize _
or to plan several moves ahead. Such provlems would not tap differ—"
ences in students” ability to visualize a sequence of meoves because

students would not find themselves inadifficult situation by not -

planning ahead._ The-more challenging problems (e.g., Problems §, 10,
1 R

12,-and13) were those in which a student could get "in trouble” by hot.
visualizing several moves in advance (see ippendix C). - This implies
that future studies should include mere protlems that preveat reactive
soluticns; i:es; require more planning ahead. .

' Comparison of the mean perceived difficulty of the problems in-
cluded in the computer-administered test indicated less agreerwent with
actunal problem difficulty than might be expscted from other studies.

Q
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tha relative diffieulties of problems witn longer solution patns.,
Thus, to the extent that increased rotivation under adaptive testing
depends on correct student perceptions of probdlem difficulty (Prestwood
§ ¥eiss,; 1877), adaptive administratior of this problem type may not

have a motivctional advantage. On the other hard, reduced frustration’

would seem likely to result under adaptive conditions from not reguir-
ing. students to work on problems much more difficult than their ability
levels; even if they cannot accurately perceive the actua1 difficulty
of the problem beforeband. :

problems. ‘This supports,thefideafthat tke students spend time tefore-
+ their first move trying to visualiz& a sequence of moves, sloce path

length appeared to be a prirary rating dipmension ‘in determining per-

ceived difficult;. : : :

oonclusions

The results from this pilot study. suggest certain 1mprovements in
broblem selection and design. Future tests of this tyre should. consist
cf fewer but more difficult problems, particularly those which do not

vermit reactive. impulsive solutions.: If individual differences in the.

abilitv to ‘construct an ootimal sequence of moves are to be tapped,

then more problems must ‘be -designed that force the student to plan

ahesad. More complex problems should overload the memories of students
and should induce differences in strategies in manipulating tne number
patterns. . B

1f reliable nerformance indices can be obtained, tﬁe process of

validating the meaning of the scores will be necessary.. Do scores re- °
flect individual differences in spatial reasoning and problem-solving. -
ability or in versonality variables like perseverance and impulsivity? .
It might also be of interest to determine what information-processing
abilities underly performance on these prodlems. For example; using .
Carroll’s (1974) provisional' coding scheme for cegnitive tasks appear-

ing in psychometric tests, the following cognitive operations might be

expected to underly performance: (1) mental rotation of spatial config-

urations in visual short-term merwory, Factors s and Vz, (2) performing«ﬂ

(%) storage in and retrieval,from'shdrt ternm memory; zactor Ms .

;;~f“"”’The results reported here suggest that reasonable indices of prob-’

‘lem @ifficulty are obtainable given an appropriate norming sample. If -
reltiable and valid &bility scores can be obtained in future studies '
- with this iter type, this type of test would seem =specially appropri-

ate for adaptive administration, since (1) scores on problems. tailored”*

to the individual’s ability are more aprt to be more highly related to" -

each other, resulting in total scores with higher reliabdility; (2)

adaptive administration will likely impprove tke motivatioral aspects of .
the tests, which seem more taxing ard potentially frustrating tkan con—
. ventional item formatss and {3) equally precise measurements for most
———testees can be obtaimed in Shorter periods ¢f tige than with conven=
© ‘tional test administratiom. Thus, the data suggest that futurs devel-

'~ opment of- adaptive problem-solving tests of the type studied here might'

P




result in new types of ability tests that should provide §§1;§;§
tc supplement’ those available from the paper—and-pencil administr
of typical ability measures.

e e

™~
- . '»_-:_ B -
- e
_ ) — T
. e —_—— :
I
I
e are
AN
. —
RN




REFERENCES

.r

, Ne.E.; & Weiss, D. J. An. empirical study of computer -adminis-
tered ;wo-s__ge ability testinz (Researca Report 73-4). Minheapo-
lis: University of Minmesota, Department of Psychology, PSycho-
wretric Methods Program; October 1S73. (NTIS No. AP 7685S53)

Betz, N. B., & Weiss, T. J. nngiriéél and simulation studies of flexi-

level ability testing (Research Report 75-3). Minneapolis:: Uni-

. . versity of Minnesota, Department of Pszchologx,,?sychometric Me-

thods Program, July 1975. (NTIS No. AT A013185)

‘Betz, N. E., & Weiss, D. J. Effects of igmed

iate Engiiedg_ of seeults
£

and adaptive testing on ability .test performance (Hesearch Report

'76-3). Minneapolis: University of ﬂinnescta, Department of Psy-

chology, Psychometric Methods Program, June 1S76. (NTIS No. kD
£027147) (a)

Petz, N. Bq; & Weiss, 5. Js Pszchelqgical effeets of imme&iate knowl-

o

-

edge of results and adaptive ability testing (Research Report

76-4). Minneapolis: Oniversity of Minnesota, Department of Psy- .

chology, Psychometric Methods Program, June 1976. (NTIS No: AD
2027170) (v) -

Bratfisch, 0., Borg, G., & Dormic ¢, S. Perceived item difficulty in
three tests of intellectual pérforpance capaci ty. Stockbolm:
University of Stockholm;'Ins titute of Applied Psycﬁology. i972 S

{28; | |
éniang, .5 & ltkinsdn, R. C. Individual différenéeé and inférréié:,

tionships among a select set of cognitive skills. gggcry and Ceg-

ni:ion, 1976, 4, EE61-672+ : o

| bitiom :
Clark, H., & Chase, W.-. On- the process of comparing sentences against g
pictures. Cognitive Psxehelegz, 1-72, 3, 472-517* g

Cory, C. H;. Relative utility of computerize& versus paper-an&-peneil

tests fcr predicting Job performance. Applied E#ychoiogical hea-'

Cory, €. H,, Rimian& B., & Bryson, R. As Hsing eomputerized tests tof

measure newv dimensions of abilities: #n exploratory studys igf

glied szggglng;gg; Meesurement 1877, 1, 101-110.

Garai J. E., & Scheinfeld, A. Sex differences in mental and behavior-

ai traits,v Genetic Pszeholggi Monographs, 1ces, 7?.7160-299

-

Ghiselli, E. E- The validity of‘aptitu&e tests in persomne ?S ’tion.
Personnel Bsxchologx, 1973 26, 461-477. |

Afiési- . i., Problem typology anrd the solution process. Journmal gg
Yerdal Le arning and Verbal Behavior, 1 865, 4, 371-379.

. 75%9 |




- g4 —

Eunt, E., Iunneborg, C., & Lewis, J. What does it mean to be high ver-—

bal? Cééiiii!& Pszggalagz, 1e?75, 7, 154-227.

‘Johnson, T. I., & Mihal, W. M. DPerformance of B3lacks and “hites in
computerized versus manual testing environments. American Psy-

choiogist, 1873, 28, 654-56S¢

Tic Eabor&tcry, 1972.

Kagan, J.. Réflection—-impulsivity and reading ability irn primary grade
children. Chi‘d Development, 1965 ‘38, 609-628‘ :

Kagan, J.; Rosman, B: L., Pay, D., Albert, J-, & Phi 71;§§;7:;77Informa-
S tion processing and the .child: Significance of analytic and re-
flgctive attitudes. Psychological Monographs, 1564, 78 (#hole No.

-~ s8).
Kintsch, W. Memory and cognitioa. New York: John Wiley & Soms, 1S77.

Maccody, £. E. Sex differemces ir intellectual functioning. In E. E.
Maccoby (Ed.), The development of sex differences. Stanfori, Ci:
Stun?ord Hniversity Press, 1§66. e C

Maccoby, E. E., & Jacklin, c.. N. . The psychology of sex differences.
Stéﬁférd— CA‘ Stanford University Press, 197&; '

Munz, D. C., & Jacobs, P. D. An evaluation of perceive& tten difficul-

'ty sequencing in academic testing.. British Journal of Eddcaxionai

Psychology, 1971, 44, 155-205.

Nilssong J. J. Prablem-solv 1g
New York: MeGraw-Biii 19

ﬁ&fﬁéé,;ﬁ; i. Memegz and attention. New York: Joan Wiley & Soms,

ig7€.

Pine, 5. Ms, Church,; 4&: Ts; Giaiiuca, Ks &;, & Welss, D. J. Effects of

computerized adaptixe testing on black and white students (Re-

search’ Report 79=2). Minneépolis- Univérsity of Minnesota, De-

(NTIS No. AD AOE7928)
Prestwood J. S., & Weiss, D. J. Accuracy of perceived test-itsm dif-

.ficulties (Research Report 77-3). Minneapolis: University of

Minnesota, Tepartment of Psychology, ?sychemetrie Methods Progranm, o

May 1577. (NTIS No. AD A04108%¢)

. M. Ap information processing approach zo performance assess-—
ment: Final report. W%ashington, DT: Aperican Institutes for
Researck, 1978. : L

Sternberg, S iscovery of processing stages: Extensions of Dor-

_ The discove
od. Acta ?slchalegica, 1s€s, 30, 27€-315.

60




;52:

Sweeney, E. J. Sex
‘ 1). Stanford,
Tecenber 1953.

lving (Technical Report
‘epartrent of Psychology,

Terman, L. M M., & Tyler, L. E. Psychological sex differencess Ia L.
Carmichael (Ed.), Manual of child pszggg;ggz {2nd ed.). New
York: John Wiley & ~ons, “1e537

Tinsley, H. E. A., 5 weilss, IL. J. Interrater reliability:and agreement-

of subjective Jjudgment.: Jourpal of Counseling Psychology, 1975,
22, 358~ 376. i

'fyiér, 1. E. The. gsggg
s

ton—Century:Groft

_ el |o

y_of hugan differesces. New Tork: ipple-

Vale, C. D. Strategies of branching tkrough an item pcol In D. J.
Welss (Ed.), Computerized adaptive traill measurement: Prgblems

e and prospects (Research Report 75-5).. Minneapoiis: University of

¥innesota, Department of Psychology, Psychometric Methods Program,
November 1975. (NTIS No. AD 40618€75)

Vale, C. D., & Weiss, D. a.‘ A simulation study of stradaptive abili_x

‘testirg (Research Report T75-€). Vinﬂeapolis' University of Min-

-nesota; Department of Psychology; chometric ﬂethods PrOgram,
Beeember 1975. (NTIS NG. AD &020961{

?éiéé T. J., & Betz, N: E. Abilitv measuremenr' Conventional or

edantite? {Research Report 73-1). Minneapolis: University of

Winnesota,,yeparument of Psychology, Psychoretric. Hetnods Program.
February 1673, (NTIS No. AL 7577£8) .

Prod l_g zgigg;gg;v New York. ﬁ&rper & Eew, 1859.

Vertheizer, M. Productive thi
(Originally publishe& 1945},




APPENDICES

) > %g D Eii 7§7j ! é !;E’ :”; ;‘ 3 R
Diagnostic Error Messages Provided by Testing System

ii'Illegal Moves*

18 IS NG? A NOMBER IN ‘TEE PATTERN. -REMEMBER' TO PUSH,IEE SPAGE" 
' BAR FIRST IF THE: NUHBER TO BE ENTERED CONTAINS ONIY ONE

DIGIT. | |
1P IS NOT A CORRECT MOVE. 788 EﬁST GEﬁRiG?E& TTPED MUST BE &N
) Rp H’ GR Bo S B . »

19 'can NOT BE MOVED LEF? (RIGET, UP, DG&N) FROM ITS PRESENT

POSITION.

00 éﬁ?é REACEED. THE. ﬂiilnﬂu NUMBER OF. MOVES ALLOWED réﬁ-fﬁis
PROBLEM. ?ﬁEiSE CONTACT TEE PROCTOR. -

’Cémpﬁééi>ﬁaia File Errcr.

- THE COMPUTER IS EAVING PROBLEM ’ PLEAS& NOTIFY THE PROBTGR.
(ERBOR @6 HLS»OCCURRED. IERR IS -5). »

RN

;, Haximum ?ime himit Reached.

I7. MIGET 5E & GOOD IDEA 70 GO ON TO THE NEXT PROBLEM. PLEASE
CONTACT THE PROCTOR. = | . |




I . appendiz B: Instruction Ser

Sereen 1

HELLO AND TEANE YOU FOR YOUR PARTICIPATION IN THIS STODY: _ __ - _°
" PHE COMPUTER WILL SOON PRESE YOU WITE A SERIES OF PUZZLES TO WORK ON,

3UT PIRST SOME INSTRUCTIONS WILL BE GIVIN T0 BE SURE YOU UNDERSTAND .
BOW TO USE THE TYPEWRITER KEYBOARD TO ENTER YOUR RESPONSES.

FOILC¥ING THE INSTRUCTIONS YOU ¥ILL BE GIVEN A PRACTICE PROBLEM TO
CLEAR UP ANY PROELEMS YOU. AR BAVING. IN ADDITION, IF YOU EHAVE -
CUESTIONS AT .ANY TIME ABOUT THE INSTRUCTIONS OR ANYTHING ELSE.PLEASE
FEEL FREE TO CONTACT TEE TEST PRGCTOR. - : e

- 70U FUST-REMEMBER Two THINGS IN CKDER 70 TALE TO THE COMPUTER:
1. ONLY TYPE SOMETHING WHEN A FSSSAGE ON THE SCREEN

IN FRONT OF YOU TELLS YOU TC DO SO AND 4 QUESTION
MARX (2?) APPEARS. : ' .

2. EACH TIME YOU TTPE A RESPONSE ON THE KEYBOARD

TEE COMPUTER DOES NCT RECEIVE IT UNTIL YOU PRESS
. THE "RETURN  KEY. Lo - g
NOW 'THE FIRST TEING YOU MUS? DO IS FIND THE "RETURN |
XEY. TEIS KEY -1S:THP LARGE RECTANGULER XEY ON THE _° - =
BIGET END OF THE KEYEOARD. PRESS THE SPACE™ BAR AT THE BOTTOM OF THE
.KEYBOARD AND THE RETURN kBY 79 CONTINUE THE INSTRUCTIONS. - ' e
. '

-
4

(]
£t

1
5 e

- . 121318415 .. 12°131415 . - - -

IN BACH OF TEE PUZZLES _OF THE TYPE SHOWN HERE YOUR TASK 1S 70

TYFE IN A SEQUENCE OF "MOVES TO CHANGE THE PATTERN OF NUMBERS_

CN TBZ LEFT GNTIL IT MATCEES TEE PATTERN ON TEE_RIGET. A MOVE _
CONSISTS OF 3 TIPEL CHARACTERS FOLLOWED BY 73E "RETURN' EEY. THE
FIRST 2 CHABACTERS-TELL THE COMPUTZR WEICH "NUMBER _IN THE L

~ EATTERN ON THE LEFT YOU WANT 0 MOVE. THE TEIRD CHARACTER' . _

. * (YHICE YOU WILL BE TOLD ABCUf SHORTLY) TELLS THE COMPUTER WHAT

~ LIRECTION TOU WANT TO MOVE THE NUMBER. . S

"

»
.
N0 ks

[

%

(™Y

..l.

(11

. 17 THE NUMBER YOU WISE T0 MOVE HA3 2 DIGITS YOU SHOULD TYPE.

- PER 2 DIGITS ON THE KEYBOARD. IF THE NUMBEIR YOU WISE TO MOVE ___
" EAS 'ONLY 1. DIGIT YOG SEOULD TYPE TEE SPACE BAR ONCE AND THEN THE

. - LESIRED,PIGIT. TEUS, THE TWO DIGIT NUMBERS 14 T0 15 CiN BE ITPID
"IN DIRECTLY, WEILE TEE “SPACE’ BAR MUST BE TYPED FIRST VITH |
~ THE'NUMBERS & T0.8s . - . . o
. FRESS THE "SPACE™ BAR AND "RETURN TO CONTINUE.




,.:*

;" THE COMPUTER.

*

- o
| 1)

v ot
m(mw"“ |

T 2 3 4 2 -3,
S € 7 8 €E 7 4
S 18 11 - 13.11 8
i2 13 t% 15 12 13 14 15

AS HENTIGNEﬁ ABOVE TEE TEIRD CHARACTER IN YOUR “MOVE” _TELLS THE
- COMPUTER WEAT DIRECTION TO MOVE THE NUMBER IN THE LEFT PATTERN.
_NUMBERS CAN ONLY BE MOVED INTO THE SPACE IN THE SQUARE PATTERN

WEICB IS NOT OCCUPIED BY A NUMBER. YOU TELL THE COMPUTER WHICH

-TIRECTION TO MOVE TEE NUMBER BY TYPING ONE OF THE FOLLOWING & LETTERS:

L = IF YOU VWANT T0 MO¥E A NUMBER 70 THE LEFT ONE SPACE
R - IF YOU WANT I0 MOVE A NUMBER TO THE RIGET.ONE SPACE
U = IF YCU WANT TO MOYE A NUMBER UP ONE SPACE

D ;;I? YOU: WANT TO MOVE: A NUEBSE LO¥N ONE S?ieﬁ '

f~, THUS., rﬂ Tﬁf PATTEEN SEG?N EERE THE FOLLOWING 4 MOVES iﬁi

- FOSSIBLE:. 16R, 11L, 14U, OR <SPACE BARD7L. ANY OTHER MOVE
WOULD BE ILLBGAL AND RESULT IN A-REMINDER MESSAGE BEING

FRINTED_BY THE COMPUTER. FOR EXAMPLE, YOU COULD NOT TRY TO MOVE

TEE "117 SQUARE TO THE RIGET ONE SPACE SINCE ALL MOVES MUS?T
STAY ¥ITHIN THE SQUARE PATTERN. .
ERESS 23: "SPACE 189 aztunn 70 ceﬂrznuz Insrnucrxons.

IE ¥BH,E£Y3 MADE i,IEEIS MOYE_TEE COMPUTER HI££ AHEBE&?SG&££Y
AND VERY QUICKLY UPZATE THE PATTERN ON THE LEF? VHERP

YOU_ARE MAEING. YOUR MOV2S. IF YOUR MOVE IS NOT LEGAL A _
MESSAGE WILL BE PRINTED UNDER 7OUR MOVE AND YOU. SBEU%B ERI

AGAIN VHEN THE COMPUTER TELLS: TOU 70 DO SO. = - ;r;

IF YOU ARE EAVING DIFFICULTY UNDERSTANTLING .TEE ;NS?EE@TIGNS
) FAR.PLEASE CALL THE PROCTOR. OTHERWISE PRESS THE “SPACE™
EAR AND ‘"RETURN" TO CONQINUE TES INSTRUCTIONS.

7 .

j ShmanLS _

SUPPOSE YOU MAKE A MISTAKE T!PING "SOMETHING INTO THE
COMPUTER. YOU CAN COREECT L MISTYPED CHARACTER AT ANY
TIME BEFORE YOU -PRESS THE. "RETURN  KEY. BY PRESSING THE

"BACKSPACE ™ KEY WEICH IS LOCATED IN THE TOP RIGHT CORNER

OP _THE KEYBOARD YOU WILL - "ERASE” THE LAST CEARACTER YOU_

- IYFED.. T0_ ERASE " THE LAST TWO CHARACTERS. T0U TYPED PRESS
- THE "BACKSPACE JLEBY TWICE AND SO ON.

AFTER PRESSING:-"PACKSPACE™ 7TEHE CORREC?T Eﬁiitﬁg?i CAN THEM

BE TYPED IN. REMEMBER TO PRESS THE "RETURN EKEY 70 SEND
TH? GGRREGTBﬁ Ciﬁiﬁﬁ?iﬂs TO THE COMPUTER-

TO. SBB HO? THE - BLCKSPACR WORKS TRI TIPIN@ THE MOVE “14D°
CN TEE KEIBOLRB. THEN CHANGE TEE ‘D° TO A “U° BY PUSHING TEE
"BACKSPACE™ KEY ONCE AND THEN THE CORRECT LETTER “U°

-FINALLY, PRESS THE. RETURN KEI T0 SEND YQUR COBRECTED HOVE T0




- Gapeen 6

-

“you anz NOW ALMOST READY TO BEGIN woxxrnc. FIRST Eowzvzn, ¥E NEED

SOME INFOEMATIOX ABOUT YOU. S
TEE . RESOL?S OF ?HE PROBLEMS YOU WILL WOBK ON WILL BE
STRICTLY CONFIDENTIAL. WE ARE INTERESTED IN YOQU AS PART

CF A IARCER GROUP, AND AT NO TIME WILL TOUR SCORES BE

CONNECTED WITH YGUR NAME,

BUT ¥E NEBD IDENTIFICATION SO TEAT WE CAN KEEP YOUR iNS?ERS
SEPARATE FROM OTHER PEOPLE’S AND SO TEAT WE CAN COMPARE THE
RESULTS OF THESE SCORES WITH ANY OTEER DATA CONTRIBUTED BY
YOU AT AN EARLIER OR LATER TIME,

FLEASE TYPE YOUR_FIRST NA%E (JUST YOUR FIRST NAME THIS TIME),

AND THEN Rﬂmﬂ . _
?. ) : R :
% o o o ’ -

Screen 7

'PLEASE TY?E T0UR Hiﬂﬁii INITIAL (QNE Lif?fi GNEY).

1¥ !OU DO NOT EAVE A MIDDLE NAME, TYPE & "e"
. ION’T FORGET T0 PRESS "RETURN -
[

* .
Screen 8

PiEtSE TYPE YOUR EAST NLHE lﬂD PRESS RETUBN .
2

x-
Screen 9

P£Ei5£ TYPE. YGU? SIX GR SEVEN BIG%? STUDENT IEEN?I?IG&TIGN NBMBE&

AND- "RETURN .
I YO0U DO NOT Rﬂﬂﬂﬂiﬁﬁ YOUR IDENTIFICATION NUMBER AND DO NG? .
EAVE IT YITH TOU .CALL THE PiGG?GR FOR A SUBSTITUTE IDENTIFICATION

NUMBER..

,?,

NOW VE UGULD LIKE. TC KN@V A FEW THINGS ABOUT YOU. IF

THE QUESTION DOES NOT APPLY TO Y0U OR IOU DON ‘T VENT 10

RESPOND, TYPE IN & QUESTION MARK AND ° RETURN

FLEASE TYPE YOUR AGE AND PB!SS EE?URN .

7.
- ;
VEICE S3T 4RE TOO? |
' ‘1 FEMALE
2+ MALE
.§TPE Txf CORRECT NUHBER AND PRBSS RETURN
*

65
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- ) ) , . Zopgen 12

rzxasx TYPE THE NUMBER connzsponn:nc TO roun IEAR IN SCHOOL‘
1. FRESEMAN :
2. SOPHOMORE
3. JONIOR
4, SENIOR
- 5. GRADUATE sranzur _
6. OTHER '
gen “p .FORGET TO PRESS "RETURN".
%*

"saﬁaaiié'

BISTED BELOW ARE SEVERAL OF THB COLLESES WITHIN TEE UNIVERSITY.
1. COLLBCE OF LIBERAL ARTS (CIa) .
2. COLLEGE OF AGRICULTURE =
3. COLLEGE OF EIOLOGICAL SCIENCES
4. COLLEGE OF BUSINESS ADMINISTRATION
S COLLEGE OF EDUCATICN
€. GENERAL COLLIGE: ‘
© ‘7.. COLLEGE OF HOME ECONOMICS
8. INSTITUTE.OF TECENOIOGI
g. SCEQOL OF FORESTRY =~ .
16. UNIVERSITY COLLEGE
" 11. COLLEGE OF VETERINARY -MEDICINE
12. GRADUATE SCHOOL
13. LAW. SCHOCL
4. OTHER = = = S
PRSSS THE RHHBEE OF THEE SCECOL IN. WEICE YOU ARE ENROLLBD AND

. TBE Rirﬂau IEY.
Sereen 14

_ 1, AFRO-AMERICAN (3BLACK)
T 2. MEXICAN-AMERICAN .

. 3; PUERTO-RICAN . 7
4. OTHER LATIN AMERICAN = -
" 5. CRIENTAL OR ASIAN-ANERICAN

/ 6. MATIVE-AMERICAN (INDIAN)

7. WEITE
W 80 O"fm
- /TYPB THE NUMBER THAT GIVES YOUR RACE AND PRESS RETURN
?

/ * . - “ ) Z
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3]
m

|

R

. Sepeen 15
; \

IN VEICH CATEGORY IS YGUR CUHUL&TIYE GRA?I‘POINT E?ERLGE (GPA)?
3.76 T0 %£.89
TO 3:73
70 Z.58
TG. 3.25
10 3.99
TO 2.75
T0 2.56
2.21 TO 2.25 i
D .08 QR LESS - o :4;;: = S S~
) §1P3 THE- CATEGORY NUMBER ( 1" THROUGE 'S ) AND PRESS "RETURN .
+ P

N
S

o ol
N"Ul
o

o
SR NRT SN ]

RPN 1 € € €A €
L}
=g =3 1

(o X JENH W8 F A &3]
[ T N TP T

N

Y0U" ARE NOW REALY T0 TRY i PRAGTICE PROBLEM.

IN THE PRACTICE® PROELEM AND TEE ACTUAL PROBLEMS T0 POLLOV
AN IMPORTANT GOAL IN TRYING TO MAKE THE PATTERM ON THE LEFT
MATCE THEE PATTERN ON THE RIGET IS 70 DO SO WITH . AS

TE¥ MOVES AS POSSIBLE. .YOUR FERFORMANCE WILL BE DETERMINED
NOT ONLY BY WHEYEER YOU ARE ABLE 70 MATCE THE TWO PATTERNS
FUT AISO BY HOW.FEW MOVES IT TAKES YOU:T0-DO-S0. . -._
TEERE IS NO TIME LIMIT ON ANT'OF THE PUZZLES BUT TRY 70
USE YOUE TIME WISELY WEILE STILL TRYING 70 USE 85 FEW MOVES
3S PCSSIBLE. TRY T0 CGMPLETE EACH PROBLEM. IF, SOWEVER, YOU

EAVE WORKED A LONG TIME ON. A SINGLE PROBLEM AND FEEL YOU CAN NOT
'SOLYE IT CONTACT THE PROCTOR ﬁEQ WILL GET THE GGHPGTER Te ' :
FRESENT THE NEXT PROBLEM. =~ _

A SUMMARY CF EOW TO TYPE.IN TOUR IEBEE .CHARACTER MOVE &
tS DESCRIBED EARLIER ﬁix? r ?RSSENTBD WITE EACH PUZZLE

AS A BREMINDJER:

IF YOU EA¥® ANY QHESTIGES iﬁGUT WEAT YOU_ iRE SHPEDS&D
TO 20 CALL TEE PROCTOR. OTHERWISE PRESS _TEE " SPACE"

AR AND "RETURN ™ XET TG BEGIN YOUR PRACTICE PROELEM.

%«




‘Start asd Goal. contignu;ians cousu;nung $he ngng!-:sglyins rest.
) and Values of .Various Physical Probdl

s

appendiz C:

es characteristics

Physical Probles Characteristics

S Mo, of No. of o. of o
Pattern Solution Squares _ Rows " Colusas . City-
————— ——— ‘Path  RNot.  ~ Not. Not. Buclidean _Block
Goal - Length Matching Matching Matching Distance Distance
Probdles 1 E R T
& 1 2 3. & e , s )
T8 6 7 .3 3 & 2 5.2¢ 6
-1 8 13 10 11
15 . 12 13 14 15
?toble- o :
£« 1 2 3 . _ - o
8 5 6 7 4% ' 5 3 2 6.900 6
‘11 6 18 11 8 .
15 , 12 13 1¢ 15
Probles 3 -
e
8 2 4 8 12 . s o N
y 12 7 11 3 13 6 ? 3 ; 3 7.41 8
-3 13 19 i 5 -7
18 .9 14 61 9 s 7
. - Proviem &
't ,2 3 &4 ..1 2 3 % _ : S -
-5 ‘6 7 11 5 6 T _»- 8 ? 3 3 8.83 10
8 13" - $§ .8 9 10 11
12 14 15 18 12 13 14 15 , )
_— Probles 5 -
4 2 11 15 4 2 15 13 _ - o U
2°-3 13 7 12 3 1 7 8 6 3 3 7.41 ‘o8
r1 _ 914 1 9 .14 _
8 6 18 5 8 6 18 5
I Probles 6 ' ,
& 1 18 15 £ 1 18 15 -~ -~
. 0?7 3 12 7 3 14 12 10 9 . 3 'y 12.2¢ . 12
8. 2 18 11 € 13 5 2 ~ :
6 13 8 5 6 8 11
_(Continued on uext page) : | ;
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. Appendiz C (Contimwed):
Start and Goal Configurations Constituting the Prodles-Solving Test,
- and Values of Various Physical Problea Characteristics
S
: .. Prodblea ? ~
6- 2 10 14 - 6 2 18 1@ [ - : _ _ o
7 15 3 .4 7 15 11 . 10 . 6 3 2 9.66 12
1 13 5 1 1-13 4 98 :
12, 5 11 12 - 8 3 57
Problea 8 - )
14 19 13 12 15 14 13 12 _ - . o o :
15 9 8 5 i1 18 9 &8 12 11 B 4 12,00 12
11 . 7.1 2 6 5 . :
£§° 3 6.2 + 3 2 1 )
" Provles 8 B - . -
1 2 3 & 1 2 3 & S ) s
5 6 7 3 12 6. _ 8 T12 7. 3 3 10.23 12
g __ 18 11 1 5 7 11° |
12 -13 14 15 13 9 4 15
Problem 18 . - - -
1 2 3 & 1 2 4 18 . . ; N
5 - 6 7 s 6 3 7 11+ - 8 & 3 12.26 i2
'8 9 10 11 8 13 _ i1 - .
1213 14 15 12 14 s 15 .
| " Prodled 11
"5 9 6 11 12 5 & -6 = ° _ - ~
12°15 2 1. 4 15 2 11 - 14 13 & % 1%.83 16
4 13 7 14 . -8 13- 7 s
3 10 3 18 14 1
: Problem 12 {
. ) - B - 1
3 % € 5 3 & _ . ) o )
? 8 __ -6 % 8 18 ? e 2 12.06 11
10 117 12 1 18 11 , . ;
13 14 15 13 2 14 15 | A /
_ Problem 13 ) :
_ ,, " oL & ! :
3 72 1@ 2 98 7 - __ B L _ R ,,
6 12 8 - 6 16 6 53 3 8.65 18
2 14 5 4.3 1& 69
15 13 - 1 11150 13 S \
: r \ [,

4
A
»

4
"
N

s




wed Difficuity Rating Study

Thank ydu}or your mtzcipazian. In t:b::s study you will be asked to

sort certain puzzles into piles based on how difficult they appear to you. -

"Although you will not actually solve the puzzles yourself, you will need to

know how they vould ‘be solved so that you can estimate how difficult tiey
would be. AlYl the puzzles wﬂl be of the type "pictured here.

szzyuurwvesinthispattem Try to match this pattern

™

2 -3 &{ |1 -2 3 ‘%4

'y

e 7| 59 6 71

8
12 13 14 15 o 12 14 15

B

The way t 7soi:vethaeguzziesisto"mve themmbersmtheleftpattm .
so that '

thziéfiﬁiiféﬁvfﬂ;mtcﬁfﬁepmontheright. _A number

' may only be moved into the blank square in the left pattern. For example,

to solve this particular puzzle (Fig. 1) one mst: make 3 "moves" as follows:

_;Evel

- ?:Erst, Ey moving the "9" up one squa::e in the lef: pattern, we obtain
the following newpat:etn e

Tr 2 3 &
s 9 6 7
8 10 11
12 13 14 15
- | Figure 2 |
K’Véi - : - . S o ;

By moving the"lS"upanesquareinthisnewpattern (Fig. 2) we obtain

the foﬂow:fng pattern: _ S :

1
- 5
8

u; '::: NJ\” N

atinan e SN T e e e e




- Ccc -

Move 3 |
‘Finally, by moving the "12" right ome square, we obtain the following

A pattern which soIves the puzzle since it matches the origimal right-hand
pattem in Fig. 1. ' :

W W
U; (Ve ] N |
=
o N W
[N
|_‘ N #

12 1% 15

R | Figure 4

- If ar :i'ds point you do not. un&erstana how these puz*les are solved
pleas: - sct the proctor before reading on.

. You #ill be presented with a number of these puzzles of varying difficulty.
Your task is to study each puzzle and, keeping in mind kow such puzzles are
solved,; estimate how difficult each puzzle would be. Ysu should do this using
the.fcllowing steps: You should complete each step before going om to the

next step. If you havs avy Tiestions don’t hesizate t:o contact the proctor.

o - - _ o o

. First, study each ?uzzle and place it :Ln one of the six piles provided
oy the proctor ‘labelled: - - :

Very DifFicult, Biffictﬂ;t, Somewhat Bifficult, Somewhat Ezsv; gsz
~ Yery Easy. o . - |

- Thate is no requirement that each pile com.ain a certain number of
puzzles: You may feel, for example, that none of the puzzles fits the

description "somewhat easy”. Just place each puzzle in the pile.that you

feel provides the best description of how difficult it would be to solve
tha puzzle. You should try to make ybur initia.l placement as accurate a

you change your mind about its difficul:y. Remember that you do not have to
actually solve the puzzles. Just study each puzzle long enough to feel

tensmbiy confi&enc abou: which piie to place it into.

t few of the puzzia contain a pu.zzie namber and :the message “E:mzide
YO 1(s)"-on the top. For these puzzles, you should write down the
‘ _puzzle number shown, the ‘pile in which you placed it, and the reason(s) for
‘Why you are sorting the puzzle :Lnto that pile. Use the épé’cé provided just
below for this. purpose. . ‘ ) -

. For exampi;e, if you feel the puzzle woui& be "very easy to solve then.
place the card in the "very easy" pile and explain why you think it would be

—e T s . T s _ _ .

% usy' to solve next to the puzzle number on the Data Sheet. Do not




, just v:ite a reason iﬂ:& "Because it is solved very easily ox very easily

. or very quickly."  Expiain how you decided to would be very easy, ‘that is,

on whxt basis did you decide to sort it intc the "very easy" pile.

Reason(s) for sorting into the Pile 301;431&

" Step 2 = Becord sarting results
Each puzzle card has a number on the back. Waen you have finished

——sorting the puzzies into the 6 piles list these numbers under the appropriate

h;bei below: There is no requ..xed oumber of puzzia for any cztegory.
' Z-ﬁ"’.;‘fw_” Easy -

Very Difficul: Difficulr | Semewhar Difficult

Some*sh*

% Subdividing the 6 piles

Exanine the - puzzles you have sorted into each pﬂe in Step 2, You may
. feel rhat nmot ail puzzles in a given pile seem equally difficult co you even
:heush they can all be described as "very difficult”, or "somewhat easy" for

. exaap”i .. If you feel this is the case, subdivide the puzzles within each of

- the ctisinzi piles into as many smaller sub-piles represencing different
Av dignes of difficulty as you c’an Only create more subpiles if _you feel

: pﬂi. If you cannot differeﬁtia:e the difficmlty of the pnzzles within a
given pile then do not subdivide the pile any further. -Continue _subdividing
the piles until you canm nc longer differentiate the difficulty of the puzzles

) in mh.pﬂe;". -Bur:h:g this step you should only compare and subdivide

v pazzles ?ithinfgagl; of the original six piles serarately. Do not switch
: ;Puzzles from one of the original 6 pilés ta mther cne, for r:..:zmple, from
.-:“!iiy“ to "Very Easy".. . "

' -1f, when you have conpleted tn *3 step you have bee.n able to subdivide
:ni of the ‘original 6 categories, list the card. numbers in each péle in the

‘space provided below. When you list the subpiles always put the hardest puzzles

ﬂtﬁ:tn a mtegoty in subpﬁ;e 3;, the secoud hardest puzzies subpiie 2, and so on.




b
(¢ }]
1

U

Very Difficult] Difficult |Somewhat Difficult) Somewhat Easy| Easy Very Zasy
~ subpiles 'subpiles subpiles _subpiles sub. | subpiles
1 2 ... 1 2 .:: r 2 ... 112 ... 10jx 2 a0
Step &4 | ]

Please answer the following questions as compi:ete y as possible.

i: Your name - ' _

2. Your student identification number _

3. Before today, how often had you tried to solve the kind of ptxzzle you

were asked to estimate the difficulty of in this study?

a: never
. b a few times |
-Ce mzny_-times : : N

4. How much difficulty did you have u:ndersta:nding what you were éiii:iﬁb"séa
to do in this study?

a. Do difficulty
b. a little difficu’.y
c. mch difficulcy

5. Wien you sorted the puzzles into the original 6 categories; did you use

any "rules" or criteria for svrting something into "very difficult";
"difficult”, "somewhat difficult" somewhat easy”, "easy", and "very easy

YES ©XNO

If So; what were they?
Very diffizult -
Diffieulc =
Somewhat difficult =
-Somewhat easy - .
Pasy -

TT&? easy -




(:i

Stcp 3, oa what basis did you do so? That is, bow did you decide whicﬁ

‘puzzles si..hin a pﬁe were more difficult than others?:

7. Ifmaﬁmtmbdivﬁemofthgoviginal6*pﬂ-,trytoexpiain

whyyoucouldnotdo so.

-,

8. How often did you use each of the following considerations in

duﬁmghwdifficzﬁtzpuzzhwd&be

The mmber of "moves" required
to solve th_e puzzle

. b: The number of "mumbers" which

r\

didmtmchinchetwopatte:ns

‘c;Whe:herincneofchepatterns"'

the opumbers ﬁéréinnmeric
‘order from 1 to 15

'é;gfu@mcmmés'
were in the two puzzles

a. Ihenhnberofrminchem
» pittem ‘that did not nﬁtch

£.. The lgcatiqn of the "empty
space” in the Iéft pattern

g- The pumber of columns in the

tvopuzziesthat&i&notmtch

ﬁe:he: you could "see” the
.actual sequence of moves that
would be needed to solve the
proﬁim . _

ft: The mt of ::hne\ft mu:‘.i:d

tahe to sblve the prbbian

aii

' Nome (of the puzzles)

All Most Some Nome ;
S o - .
Al1 Most Some None "
All ‘Most Some Nome _ " B
All Most Some None "
All Most Some XNome ]
- — o . -
All Most - Some "Nome "

K

9.. | D:I.d the length of :his study a.ffect your ab.li:yﬂm perforn the tasks




!
N
'\

10. How did you feel about working om this study?

a. I disliked it a lot

b. @ﬁike&;: it somewhat

c. I felt<neutral about it A -

d. t som - - . -

i

I enjoyed it somewhat
e. I enjoyéd it a Iot

11. 4Any furthﬁ ther comments?

‘ |

e

QXTI -
)




actual moves needed:
‘"It ouly took a few moves"
"The "12' and '13' will go around corner into pi;ace, others 1ook '
like they will niove easily” :

'é;:' 'l'he number of mves required to soive the nuzzie or arc **plication of the

i:’, Whether subject could "see" the actual sequence of moves that wuuf;:g‘tjge
needed to solve the problem (o number of explica.t:tcn of the moves
provided): ‘ .

"I can mrk this outjust at a g];ance-its obviocus™

' ~¢. The mber of’ squares ("nmbers") which did not match in the two patterns:

"All numbers-—same 1ocat:!;on, except for '3’ in bottom right hand

corner”
o "I only had to deal with 5/16 of thgfd:ﬁtg:tts"
d. The amount of time it would take to solve the problem:
: . "Took 10 seconds to solve”

, " "Took a while to see the pattern ~
e. The type of moves required to solve the puzzle:

~ "Some complicated moves must be made”

"Tricky or misleading moves"

' "Needed a combinution of movements of sets of num‘bers including

moving oimber . that was in correct spot to allow for other

movements, then replacing at end”

f. How far apart certain numbers were in the two puzzles:
: ; "Don't move numbers very far"

: "Numbers in some cages move a great dtsta;m:e
g: How mich thought was required to solve the. problem:
"Requirea lots of thought"

h. 'The number of cdlumns not matching in the two patterns:
. _"Because you only have to deal with two.of the four columns"

i. The mmber of rows not matching in the two patterns

"Pwo rows match a;tready"

j. The location of the 'edipty space' in the left pattern.

"will require using the r:tght columns because it contains the

open space”
k. Simila: J.tz to an already solved or rated puzzle:

oThis puzzle easier since it resembles one already soived"

1. Whether either the left or the right pattern was in numeric order from
o 1 te 15z )
) tﬁere were no exmnples of this dimension in the voluntary protocols

o

76




Table F-1

Intercorrelations of Number of Repeated Moves for 13 Problems -

7 - N Prcblem _ —— —_
'‘roblem i 2 3 4 - -5 6 1 8 9 10 11 12
-:03 .
33 33
=.03 1.00 N
52 33 33
=.05 =.07 =.07 -
54 32 - 32 53

-:04 =04 =.04 . .23 S :
54 32 - 32 53 54 o : SR
-:04  ~:06 -:06 =-.09 .00 e ' S~
54 32 32 53 53 53 .
_-.03 . a & =05 -.05 =.05 - s
50 30 30 43 49 43 s
=04  -.05 -.05 09 -:.05 =08 =-.06 @ _ -
g6 28 28 45 45 45 46 46 -
=07 =-.08 -=.08 .13 .03 04 -.10 .52 -
C 44 28 - 28 43 43 43 44 44 22
.08 .12 .12 .27 40 .09 05 =18 =4 o :
49 .~—28 . 28 28 48 48 49 48 = 45 43 -
8  =.08 =08 .21 =07 -.09 -.08 -68 ~-.04 .08 S
48 28 28 47 47 47 48 47 44 42 ° 47 :
=11 . -12 -12 .22 =04 .45 .08 -.03 C03 .22 09 o
49 29 : 29 43 49 a9 - 29 48 -~ 45 44 48 47-
=03 .07 .07 37 =12 1 .21 .34 —i33 04 06 .07

R LIELELE LK 1. :z:ma:mz:wlaw =E

\

HH &

Beorrelations mot computed due to nmear zero standard deviations. B 2N




: ; Table P-2
Cross-Correlati:ss of Number of Legal Moves (Vertical) and
o Number of Hleg,al Moves (Horizontal) for 13 Problems
I . Problem . e —
'roblem - 1 2 -3 4444444i44444£L44444i4444448;444449444444104444411447Agizuﬁ,qfxa
ST . 55 33 33 54 54 54 54° 50 46 44 49 .28 @
- r 07 -3 -.08 . .01 -.08 -.09 -.08 -0 -.16 <-4 -.09 =14 .01
"2 ¥y 33 33 33 33 32 32 32 30 28 28~ 28 28 29
- r -:13 -09 .17 .64 01 ;20 -.03 -.17 -1 54 .35 01 -.07
4 N 38 38 3 38 82 3 32 3 28 28 3 28 29
: r =09 -1 .29 .16 11 -10 -.09 -.12 .00 15 .66 -.05 -.I1°
4 N 54 33 -3 ° 5 83 53 53 49 45 43 48 47 49
. r -.16 .1 .20 .3 .50 .22 .31 .00 .01 .02 .13 .13 .25
5 N 54 32 32 53 54- 54 53 49 45 43 . 28 27 29
ﬁ r. -.15 - .30 -.08 07 - .20 2% .26 .14 .15 .10 =.06 =-.08 .15
B ¥ 5¢ 32 32 53 54 54 53 49 25 43 8 47 . 49
r -4 - 16 -.03 -.06 -.08 34 .17 .38 - .36 03 -5 .02 .01
7 N 54 ~ 32" 32 58 . 53 53 54 50 46 44 45 g T 49
S r -0 .25 .17 .08 -0 .23 .68 .13 -.11 13 08 .03 ~—Of,
i N 50 30 30- 49 49 49. 50 50 46 44 _ 48 47 48,
r -.08 ..39 .01 -0 .21 =12 =-.03 ‘.22 .10 -.03 -.06 . .06 .15
. N 8 28 28 85 45 = 45 6 48 2 44 45 44 45
: r -5 -6 .00 -,29 -.08 .03 .08 -.04 ' .30 =.01 -.13 . .12
10 ¥ 44 28~ 28 43 43 ¢ ¢4 44 44 44 4 42
2 ¢ a7 32 .01 .25 .08 .17 49 ‘-.09 =-.06 .06 .03 -.07
11 ¥4 28 28 . 48 48 48 49 48 45 43 £9 47.
r 07 .21 .20 -1 -.01 .01 =-.04 .05 -.06 32 .33 -i13
i3 N 48 28 28 47 47 47 48 47 44 42 47 48
: r =-.09 -.08 .32 -.28 .08 .16 -.01 -.13 .06 -:l4& -.15 .11  -33
a N 49 - 29 29 49 49 49 49 48 45 44 48 47
13 £ .7 .0 .2 -4 .1 =05 .04 =.08 .01 .02 -.04 -.01

L
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. \‘ . :
,\
\'\\ =
- \
. \ ]
- B : .‘\ . ‘ . . .
= L. g Table F=3
: | Cross~-Correlations ogfyumpqgicf Legal Moves (ﬁcrizontal) and
; Voo Y ANumbergaffkepestedgMbvesmgverticai) for 13 Problems
S T : - R . Problem R : :
>roblem — . I; 2 3 4 .5 [ 7 8 9 10 11 12
. 8 55 s 3 s s 54 54 50 46 4 49 48 4
r 1I. 66\ —;6@; -:03 -.05 =-.06 -.04 21, =-.07 -.13 .22 .02 .13
» N §3\ 33 33 33 32 32. 32- 30 28 - 28 28 28
r -.03 \ .74 1.00 .60 -8 -t -.11 -.08 -.16 =.i1 -.10- ~-.14
3 - N 33 \ 33 33 - 33 32 32 .32 30 28 28 28 28
. =-.03 7% 1.00 ,6@ -.08 -.06 -1 -.08 -.16 -. A1 =.16 14
4 )} 54 3 @ 33 54 53 53 53 49 45 43 428 427
r -.05 =10 -.07 .57 .16 .06 .22 .26 -.07 16 .29 =.21 ..
< N 54 \32 32 53 59 &4 53 49 - 45 43 . 48 47

:f_.__-a—i~::*’e&—- 16 =.04 .16 . .32 =.03. .20 .28 -.12 .03 .07 .14

6 v 54 \32 32 53 54 54 ~ 53 49 45. 43 48 47
B 'r -.04 -.08 -:.06 -.02 -.08 .79 .13 .00 - (30 .20 -.09 .06
g N 54 33 3 53 . 53 .53 54 50 46 44 49 48
~f . ¢ -.03 a a -05 -:69 -.06"-.03 -.10 -.18 -.05 -.08 - .23
Tlg N 50 ' 30 30 49 49 49 50 50 - 46 14 48 47
. r =.064 =-.07 -.05 =-.66 -.08 -.08 12 44 .28 =17 =.00 ° .12
ot N g6 28, 28 45 45 45 46 46 46 14 35 44
s r =-.077_ =11 =-.08 =-.01 =-11 03 .00 .10 49 -5 -.16 .20
io. N #4828 28 45 43 45 - 44 44 44 44 43 43 4L
ey r .68 =-00 .12 .23 =.04 .02 -12 ~.06 -.23 .37 06 .-.09 .-.16
31 N 49 28 28 48 4 . 48 25 48 = 45 ~ 43 49 47 .
o r .% ~?° =08 -0 =15 =-.09 .07 -0L =-.16 " .07 .46 .06 :
4s N @ o 88 47 &7 @ 4§ 47 4 42 4 4
) r -~.11 'a;iﬁ :-.32 .08 -.21 43 -.02 .-.08 .33 .25 -.0T7 - (13
3 N 49 Ze 28 49 49 49 49 48 g5 4 48 &7
e r =.03 =.03 .07 .26 =-.22 %027 %14 -:6F - 22  -.09 -.09 ;.03

orrelation ﬁai'éaisaééa dve to near zero standard <deviations. =g
' : - s Lo 1




'  Table P | : &
cross—Correlaticns of Number of Illegal Moves (Vértical) and :
Tumber of ‘Rr:peated Moves (Ecrizontal{ier%oblm% ——

_ . - -:Projiem .
1 2 3 3 5 __ 6 - 7 8 g 10 i1 12~ 13
. 33 33 54 54 54 54 50 46 44 49 - 48 49
.67 =.09 -.08 - -;13' =13 -.12 =-09 .10 83 .01 .05 -.22  .0i.
33 3 33 3 sz 8 .8 30 28 - 28 28 2
-1 =14 =% L2720 -1 a .17 -2 -17 .10
33 33 33 . "33 32 32 32 30 - 28 28 .28
-:08 29 29 12 .25 .06 a =11 .10 07 .03
54 33 33 54 53-. 53 53 29 25 43 48
.01 .16 16 -49 10 -1 .01 =.17 .18 .38 -.07
54 32 32 - &3 54 54 53 49 45 43 48
=08 .11 .11 45 .37 =15 -1t -03 .61 .28 -.04
54 32 . 32- 53 . 54 54 53 29 45 43 . 48
-.09 -0 =.10 .12 .21 .03 -13 =10 .08 X4 -.19
54 32 32 53 . 58 53 54 50 46- 44 . 49
~.08 -:09 -.09 .41 .43 .03 =02 -11 =13 17 -0l
50 30 30 49 = 49 49 50 50 46 44 48
-.10 -:12 -2 .28 .20, .11 =14 - .03 --.10 .08 .02
46 28 -28 45 45 5 46 46 g6~ 44 45
-.10 .00 .0 .18 =-;13 .08 =05 =.08 .18 =.21 . .03
42 28 .28 43 43 43 44 44 44 44 43
=1 .15 .15 .03 .28 -.06 -.00 -:18 ~-.07 .08 -.08 33
- 49 28 28 48 48 . 48 49 - 48 45 43 49 47 48
. -.09 .06 .06 .36 .02 -12 -;13 -;05 .07 -.05 .19 ~=.09 .09
4. 28 28 27 47 47 48 47 44 42 47 48 47
-1 -.05 =-.05 .47 .Jd& .01 -.20 .06 .31 .09 -.09 . .22 .43
49 29 . 29 49 49 49 49 48 45 44 48 4 49
01 -1t -1 ;49 34 =12 01 =.09 -.10 22 =04 09 .26

1
L7}

o L] w
"

~1 |

A AR AN azm-'::.a_mznf-'zz:w PRIy

B orrelations nBE computed due to near zero standard deviations..

-
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) e " Table F-5 - - §

, i Product-#owent Correlations Between Initial Move Latency </
— for Ear™ F.oblem and Performance Measures; by Problem .
Performance ] _ ] ] __Problem _
_ Messure 1 2 3 4 5 § 3 8 9 30 11 32 35—
individual ’ '

Probilem o o : o
~ Score .03 31 -.08 -0 -.0% -,11 =-.02 -~.16 -.23 -.19 -:07 -.03 -:.26
“Total 2 -17 -01 =22 =15 =10 -:23 =03 -.14 -.67 -.18 -.09 -.15 -:16

MRATE. 16 -.04 .22 .09 -.03 15 .01 .01 .66 .13 .07 .07 (18

-
Table F—6 .
Product~Moment Correlations Between Aiiéi'ége Move Latency o ‘

for Each Problem and Performance Measures; by Problem L o ‘
Performance . . - = L Problem - ‘ I
. Measure ¢ 1 2 3 & 5. 6 7 8 o0 10 11 12 i3
- Ingividual : . °
?tﬁblw B - ‘- ”7‘; o L o ' : o o ’ o - E
_ Score -.06 00 =203 :97 :0,,7 -00 -01- -.07 -16 .00 .10 .00 .07 ..
MRATE- .09 - -.M 08 02 .09 .07 -.01 -.08 .06 04 -12 06 - .13 I
81 -
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