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chology class; were required to type a sequence of moves- that would bring one

4 array of scrambled numbers (start configuration) into agreement with a

second 4_) 4 array (goal configuration); using as few moves ;,.s possible.

Data analyses.emphasized the comparison of several methods of indexing prob-

ldM difficulty, methods of scoring individual performancei. and the relation-

ship between response latency data, performance; and problem-solving strategy.

Subjective ratings of the perceived difficulty of replications of the 15-

puzzle were obtained from a separate student samile_to_itvestigate (1) the sub-

jective_dimensions used by students in evaluating the_diffittlty_of this prob-

lem type; (2) how accurately the actual performance diffitulty 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.
ReatIts_of the_studysuggested that four performance indices might be use=

ful in indexing problem difficulty: (1)meannumber of moves in 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_minimtm number of

moves required; Four alternative methods of scoring total test performance and

two methods of scoring individual problem performance_ were studied. The scores

thattook into account differential numbers of moves between the optimal and

maximum aumber.allowedwere related somewhat more to performance ratings ob-

tained from independent judges;
Fwmiiinption of problem performance indices; the Special Diffictlty Index,

and studenta!_perceptions of the difficulty of the test problems indicated that

most of thiPrablems_were_too easy for most students.- Howeveri-the possibility

of obtaining a more discriMinating_subsetof problems was suggested by item-

total score correlations obtained for, each problem; The data 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.diffitulty. At -the level

of indiVidUal_performance, only total ;latency or problew 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

level and variability of difficulty perceptions. The. data suggested that the\;

individual differences found were rdlated_tO individual differences in ability

to visualize and to maintain a sequence of moves in_thOrt-term memory; It was

concluded that an adequate selection of problemreplications should be able to

tap these differences; resulting in reliable Solution perfortantedifferentes_
Improvements,inProbIem selection and design were-suggetted by the data_Tia

this study.' Futtte_testsof this typeshould consist of fewer_but_more diffi-

cult prablems, particularly problems not permitting reactive, impulsive solu-

tions. This type -of test would seem especially appropriate for adaptive ad-

ministratiani (1) scores_on problems tailored to the individual's ability

would IikeIThe more highly related to-each Other;resplting in more highly re=

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

taxing and potentially frustrating than conventional item formats; would likely

be improved, and (3) for most testees_eqtally precise measurements could be

obtained in shorter periods of time than with conventional test administration.
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INTERACTIVE COMPUTER ADMINISTRATION

OF A SPATIAL REASONING TEST

_ MoSt research on computer-administered testing has emph.2sited the
ability of the computer to adapt item difficulties to the ability level.
of examinees._ Such computerized_ adaptive tests have been shown to pro-
vide more equiprecise_measurement across all trait levels (e.g., Vale,
1975; Vale & WeitS, 1975)4 to provide generally higher test-retest sta-
bilities than conventional tests.(e.g., Betz & Weiss, 1973, 1975), and
to result in tests of fewer items while achieving_the same or higher
levels of measurement accuracy (Weiss & Betz, 1973). In addition, re-
search has Indicated that Limediate knoWledge of results administered
to testees after each item is computer-administered tests results in
enhanced performance (Eetz & Weiss, 1976a) and favorable psychological
effects for examinees (Betz & Weiss, 1976b). Research with computer
administration of a concept attainment task (Johnson & Baker, 1972)-
indicated that improved Standardization could also be obtained with
computer test administration; _and the results of Johnson and MihaI
(1973) and Pine, Church, iailuca, and WeiSS (1979) indicated that dif-
ferences in mean peformance of racial groups might be reduced or elimi-
nated with computer-administered testing.

Aintosf-e117-61-ItTe-Talearch-pn-ccmputer-adtatis-tered testing has
measured intellectual abilities and utiIited item types that are conve-
niently measured by conventional paper-and-pencil tests as well. Eow-
aver, computers would seem to be especially useful in deaturing various
perceptual,. ttrtrear-s-blviltirat=11-1=t4es-ilite-the com-
puter's eapabilitits_to present novel item formats modifying item pre-
sentation over tithe in response to the examinee's._performance and al

.
lowing the computer to interact with the student while working on 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 commit-6r.

AlthOngh_the use of computers to control the presentation of

vittaI_StIttli on a cathode-ray-tube (CRT) s fairly common ih_psycho-
logical research, most of this research.has been concerned With the
discovery' of processes of attention,-memory, and perception that apply

to all indikiclualt4 =Recently', however, investigators have begun to
explore the potential:of COMpUter=a1Milistered tests for measuring in-

:A.ividtal differences in various cognitive abilities. For example, CofY
(1977; Cory, RimIand, &:BrYSOn4 1977) hat developed tests for_five
abilities-7short-term memory,. perceptual tptedo_peroeptual closure;
movement detection, and dc=aling with concepts/ informationand ccm-
pared.SOores On these teststo conventional paper=atd==penoil tests of
comparable- abilities. :The conclusion was that thete tests provided

--measures of attributes that are different from those measured by paper -

and- pencil Pot eIattleo_a "sequential reasoning difettititi

--which-did-not appear in'the.paper-and-mencil tests; was identified in

the computerized tests. Computer test administration is also being



increasingly used by psychologists interested in measuring individual
differences in various basic information processing abilities (e.g.,
Chiang & Atkinson, 1976; Hunt, Ltntebarg; & Lewis, 1975; Rose, 1978).

A common characteristic of such new ability tests is that tradi
tiOnal psychometric indices of individual performance (such' as number-
-carte-et sccres) ani_item characteristics (such as item difficulty and
item discrimination) may no longer be meaningful; To measure Andividu,
al differences in examinee performance, researchers have used scores'
derived from reaction time data; slope and intercept parameters relat--
ing reaction time to memory set size (Sternberg, 1569); component
sccres on various stages or subprocesses derived from hypothesized
Models_(e.g., iark & Chase, 1972); and parameter sccres (DP, beta)
derived from signal detection theory; Some, but not all, researchers
using such measures of individual_ differences havt_attetpted to demon=
strate the psychometric characterittiOsAe.g., reliability) of these
new'pereormance Indices. Such a demonstration is necessary; however,
for_each new score derived from new types of ability tests before the
validity and utility of the scores can be investigated;

Purpose

This report describes a pilot study reporting the development and
administration of a spatial reasoning problem, the 15puzzIe, which
utilized the on=line capabilities of a realtime computer tp record a
testee's progress on each problem throughout a sequence of Moves and
to collect additional online data that might be of relevance to the
evaluattonof_testee performance- Althaugh_spatial_a_bility has betn ---
shown to be an important special ability predictive of some job- crite
ria (\forsa Summary of predictive validities for various occupational
areas' between_ 1920 and 1971, see Ghiselli, 1973), it was also hoped
that this problem type and others to be developed would be able to tap
generalized problemsolving and reasoning abilities.

The 15puzzle problem used in this study involved presentation of
the numbers 1 to 15 in a 4_x 4 matrix of scrambled numbers and in a
target matrix with the numbers in another configuration. The testee
wa'i required to move the numbers in the first conffguration, one number
at a time, to match the second configuration; This problem type was
chosen because it seemed to tap abilities important in problemsolving
situations, especially in the spatial domain, while providing the fol
lowing additional advantages:

1. Utilization of the unique capabilities of interactive comput
ers.

2. The existence of a welldefined optimal solution against which
to evaluate a student's performance.

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 problem
difficulty for the 15puzzle spatial reasoning problem. For example,
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the.number of moves a student requires to solve replications of the
15-pUzzle may_not be an adequate index of problem performance where the
minimum' number of moves ftleVarioUs problems differS. Some of the
questions studied were, IS.-the minimum number of moves to solution a
meaningful index of probleMdifSiculty or do other physical aspects of
the puzzle configuration influence problem difficulty as yell? Can re-

-sponse latenties_be.ased to quantify difficulty and/or individual per-
. formance? In addition, toEdetermine whether or not the 15-puzzle task
could be used to successfully measure problem'solving in the spatial
domain; the reliability of individual performance scores across prob-
lems of similar and varying_diffichlty lerels was examined.

One- further advantagezotihe problem type studied_here_may_be its
interactive gime format,;which may prove too be more motivating to exam-
inees than the usual separate item format. In addition; the provision
of.knowledge of results may be a built-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_greaterpoten-
tial_for frustration and anxiely_with this type:of_problem must-:also be
considered. Thus, motivational data were collected and examined in
thiS.study:in.an.attempt to draw some preliminary conclusions about the
-psychological effects of working on such problems;

To A.:large degree* the psychological effects of problems of this
type on examinees_will depend on the percei*ed_difficulty_of_replica-
tions of the problem's. It would seem that problems of this type that
are inappropriate for the student's ability-level. maybe even more'dis-
covraging-lbram-thg typIcanirentionai test item because the student
cannot merely guessand continue with the neat item; In problems of
this type, guisSing becomes not a response bias to be eliminated but a.
trial-and-error,strategy on the.- part of the examinee. Thus, eventual
adaptation -of problems to the student's ability level may be especially
important for making the testing experience reasonably pleasant and
nonfrustrating;'

However, whither an 'adaptive preSentation of problems' can_ actually
equalize the psychological effects of such a test will depend largely
on whether students can accurately perceive the difficulties of the
items administered (Prestwoo6 & Weiss, 1977). Even though some previ-
ous research has found agreement between perceived and objective indi-
ces of item difficulty (e;g;, Bratfish, Dornic, & Borg. 1972; Munz &
Jacobs,.1971; Prestwood & Weiss; 1977), it would seem necessary to
answer this question anew when item or problem types differ signifi-
tautly. The present study, therefore, reports some preliminary lata
relating to the similarity of objective and perceived indices of
problem difficulty for replications of the 15-puzzle.

METHOD

Computer-Administered Problems

Problem destriptict. A series of spatial 15-puzzles, each a rea-
soning-problem, were' administered to students on an interactive cath-

9



oderaytube (CRT) display terminal. The sequence of problem presenta
tions and the simultaneous colleetion of performance data were con
trolled by a computer program written for a RevlettPackard realtime
minicomputer.

Figure 1 shows a sample of tile. display presented. on the CRT screen
while the student worked on, each problem. As pgure 1 shows, the stu
dent was instructed to type a threecharacter move on the terminal
keyboard specifying which number in the left pattern he or she wished
to-movesleft; right; up, or down one square. in an attempt to eventually
bring the comfiguration of numbers in the left pattern into agreement
with the pattern of numbers on the right.

Figure_l
Sample 15Puzzle Problem

Make your "moves" in this pattern Try match this pattern

10 9 3 7 10 2 9- _7

4 8 6 12 8 '6
12 5 2 14 5 4 3 14
1 11 15 13 1 11 15 13

Enter your 'move by typing three characters and the "RETURN key.

The first two characters should be the =umber you watt_ to move.
If the number has only one digit; type one space and then the_one
digit number.

The third character should be:
I if you want to move the number one square to the_ left:
R if you want to move the number one square to the''right;
U if you want to move the number up one square;
I if youwant tc'move the number down one square.

I

After each three-character move was_typed0 the computer processed
the move for- legality. '"If -the move was legal, -the pattern on the_lefti
was updated immediately using a cursor addressing systemi_which allowed
specified screen locations to be manipulated without rewriting the

"7entire screen; If the threecharacter move was illegal; an explanatory
,;error message was displayed; and is some cases the student was'in

structed to notify the test proctor for assistance; The testing pro
gram detected illegal moves of both a syntactical (e.g., typing errors)
and a logical (e.g.; trying-to move a number into an already occupied
square or beyond the cuter edge of the pattern) nature; Appendix*A.
contains a complete list of diagnostic error messages utilized by the
testing program:

Performance data.__While the- student worked on the problem, the
folldWing data were ceilletted On=lite by the toMputer:

1. Whether the problem was solved or not; i.e.4 whether the stu
dent was able to type a sequence of moves that_would make the
configuration on the:left match the configuration on the right.

0



The number of moves requiredkor'so- tion.
(

..' The number of Illegal- motes, includ .es of
both a syntactical and a cotfigural nature.

4. The - number of repeated movet,1 i.e., halemanyTtimes'thestudent
_."backed up,~ or reversed a_ possibly incorrect sequence,)of
movesito return to an earlier pattern configuration. _

5. Response latencies, i.e., the time in seconds -nfiquired for
each move.

6. The actual sequetce of moves utilized;

The performance data were bollected_for possible use in drawing_
inferences about several aspects ;of slatiaI problem - solving ability.'
For example, the number of illegal movesi_as well' as the initial re
sponse latenciesimight index the student's initial ability to defint
and to clarify the task situation: The sensitivity= of- students_tq the
task information provided 0.n this case_o_the pontinually_updated_left,
pattern and its3relationship_to the right patterp) and their ability to
plan .a sequence of Moves night be indexed by the- number of nonoptimall
movesi.the number of repeated moves, and the 'total number of move vie=
,quired. A student's inability to recenter (Sweery,.1953; Wertheimft,
1959) or the .presence of a debilitating set might be inferred from
persistent sequence of moves that did tot bring the startpattert
closer to the goal pattert.

The patternof response latencies -as the student approached the
solution might alSo be useful infcrmatIon in- making inferences about a
7student'sproblemsolving strategy. For example, in the initial stages
of the problei, a planningahead-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 shortening of the response latencies might be expecte& as
the left (start) patternapproacherthe right (goal) pattern Playes,
1965);

Individual differences in the ebility_ta_visualize or to maintain
sequences of moves of.varying lengths in shortterm memory might also
be reflected in the patterns of response latencies. For exatplei-an
individual with a greater ability to maintain a sequence of moves In
shortterm memory might need longer pauses or study points only_once
every six or seven moves,as.opposed to every three or fourmoves.
Isolation and interpretation of such differences may be difficult, how
ever, since momentary differences in shortterm memory capacity may
also reflect differences in. the allocation of limited cognitive re
sources (Norman, 1976):

Test idministration
_ -

Sixty -one students -3n an introductory psychology class took the
problem solving test. Of these, tests for five students had to be_dis
carded because of computer problems.° After being logged onto the CRT
by a :test monitor, the student Was presented .a series of insttructional
screens by the computer. The text ofeabh instruction scree? is in
1-opendix B. The presentation of-instruction screens was student paced,
t'ith_the student pressing the SPACE EAR atd- RETURN key on the ter
mlnaI keyboard to proceed to the next inslftetion screen.
\



Is Appendix 3 Shows, the instructions first told
"RETURN"

student how
to utilize important keyboard characters, such as the RETURN key, to
enter responses. Next, after deScribing the 15-puzzle task and pro-
viding instructions on entering a three=character move, the
instructions told the student how to correct a mistyred move before
transmitting the move to the computer. Biographical information,
inCludingname, student identification number, age, sex, year in
school, major field of study, race, and grade-point average, was then
requested from each student. The final instructional screen (see
Screen 16 in Appendix 13) vas intended to standardize the desired.
motivational set for each student. The student was then rresented with
a practice nroblem. This practice problem (Problem 1) was very simple,
requiring only three straight4orward moves, and was used to allow
students to clarify questions 'and to gain confidence in entering moves
under nontesting conditions.

Following the practice problem, students were presented a maximum
of 12 problems (Problems 2 to 13). These problems varied in difficul-
ty, which was initially indexed by the minimum number of mcves.required
for solution (solution path length) using a solution algorithm provided
by Nilsson (1971). Each of the 12 problems consisted of one problem
requiring 4 and 6 moves and two problems for each of the following so-
lution path lengths: 8, 10, 12, 14,-and 16. The 13 problems used,
along with their solution path length and other physical problem char-
acteristics; are in Appendix C.

Data for all students were not obtained for'all the problems for a
variety of reasons. Since the students differed in both solution effi7
cienoy and in the amountoof time they hid available to participate in
the study, not all students completed all the problems. In addition,
after about half the students (the first 33) had completed the tests,
it appeared that a test consisting of 12 problems was iomewhat too long
and that some studentSdid not have enough time in the experimental
hour to finish- the longer problems. For this reason, two cf the easi-
est problems (Problemt 2 and_3), Which everyone seemed to be solving in
the minimum number of moves, were eliminated to make the test.shorter.
Finally, in a few cases, data for a single problem were lost for a stu-
dent due to computer problems.

There was no fixed time limit for each problem. Eowever, in order
to prevent a student from spending too much time on a single problem tc
the exclusion of otherS, amessage advising the student to notify the
test proctor was displayed -on the terminal screen after the student had
b n working on a problem for what was thought to be an unduly long
time. The maximum time alloWed for each problem was a multiplicative
function of the minimum number of moves required, 1113 to a maximum of 15

minutes. For example, about 4 minutes were allowed for a problem re-
quiring 3 moves, about -10 minutes for a problem requiring 8 moves, and
about 15 minutes for problems requiring 12 to 16 moves. The proctor
then had the option_ of .advancing the student to the next problem or
resetting the problem timer to allow the student to continue work on
that' problem. students were enccuraged to discontinue work on A prob=
lem unless they felt confident they were near solution and needed only
a.little.more time.



Similarly, Ihe student was stopped when he or she had taken the
maximum number of moves allowable for a problem. The maximum number of
moves allowed by the computer was also a function of the minimum number

- of moves (solution path length) required to solve the problem. The
maximum number of moves was defined as the solution path length times
-3.5; if the maximum number oflioves was greater than 28, the maximum
move limit was set equal 1,28. This maximum was intended to terminate.
work on a problem the stu ent appeared unable to-solve so that he/shet
woutd_proceed 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.

_

_ numberumber of moves allowed was increased for about half
-the students to determine if,students could'reach solution if they were
-given more moves; Thirty-three students were limited to 28 moves for
the longest problems and the remainder were allowed 43 moves. The
larger_move limit seemed to allow more students to reach solutions for

_some of the longer, problems.

A student was permitted to voluntarily choose to terminate a prpb-
tlet-betore-the solution was reached by asking the test proctor to ad-
-=vance him/ her to_ the next problem. Inttef-ewins-tano-e-s-4-he-r-ethis
situation arose, students were eicouraged to-continue work on a problem
unless the time limit message_ had already appeared.

When =the student :successfully completed a problem by-matching the
°start And goal pattern: the computer displayed the message:

Good. -You have succeeded-in Matching the two patterns. Press the
"SPACE" bar and'"RETURN7 to start the nezt.problem.

Test Efaction Data
. _

Upon completing all:,the test problems, a message thanked the stu-
dent for;his/her'participation.' Students then completed a paperand
pencil questionnaire .providing infoi-tation on Prior'experience,_diffi-

: Onty perceptions, and other mqtivational questions that could.be used
to evaluate student reaction's to this' type ofjtest;

.

Since a general. measure or spatial reasoning ability was sought,
individual differencesAn test performance should not be accounted tor
by spedific_prior_experience_with this type of puzzle. Therefore, -the
first question asked the student'how often heishelIid-worked-on'this
Aind-of puzzle in the past. In order to evaluate the clarity of the _

instructions for this :new typel:of test item; .the second question asked
:students how much difficulty they had in understanding the instruc-
tions. Pecause:this was thefirst time. this problem type had .15-6en used
on_this_student it was, not known before data collection how

:-difficult puzzle replications2wou14_have_to.be to challenge the Stu
dents; Thusi.thethird question obtained information on how difficult
the 'students thought the puzzles in- the test were.

It was felt-that .the student's motivation level dUring testing
mold be especially important-forperforiance on problems of this, type,



which require more concentration and within- problem perseverance_than_
more typical single item_formats. Consequently, Question_4 asked_stu,
dents how -hard they tried to solve each puzzle in the optimal- number of
moves, and Question -5 asked whether the length of the test effected
their motivation. .Students indicated how nervous or undomfortabIe they
were while working on the puzzles in 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._Questionsand_8*
respectively. Any further comments -the students had were elicited by
_Question 9. Since all Puzzle Reaction questions referred to different
'content, no scores here derived across items.

Data Analysis

Indices of problem difficulty. Data-collected for each problem
were used to describe problem difficulty_in several ways. For each of
the 13 problems (12 problems plus_l practice problem), 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
alsocomputed for each of the 13 problems as Potential indices -of prob-

1., The_mean number of moves taken. This was the average number
of'Iegal moves used by'the student to solve the problem or the
number 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
longer puzzles than,it_would have been had all students been
aIlowed.the_larger maximum number of_ moves,_

2.: The proportion of studOnts solving_the problem within the
original maximum number of moves (i.e., for the longer puz-

'' zies, 28 moves.) .
3. The proportion of students solving the problem in the minimum :

or optimal number.of moves.
4. The mean number of illegal_movera.
5. The mean number of repeated moves.

In addition* for each problem.i Special Difficulty Index was com-
puted, defined as the mean number of moves used,:Aivided by the minimum
number of moves_required_(solution path length). This index was de-
signed to provide a possible_diffiOulty index -that was correctedfOr
differences in minimum. solution path lengths for each problem; For
example* a problem requiring 16 moves may not be more difficult (in the
sense that nearly everyone could solve it in the minimum number of:
moves) than a problem requiring only 10 moves.

A possible advantage of the relatively formal nature of the 15-
puzzle is the availability of potentially objective physical problem
characteristics, which could function as potential indices of task dif-A
ficulty. One such index* solution path length (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
were computed to determine if they related empirically to-the actual
difficulty in solving each problem as indexed by student performance.
If such a relationship was found, these physical indices could.be used
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inselecting problem replications for inclusion in a test on the basis
of their predicted difficulty;

The following physical problem characteristics of each pair of
patterns were considered as potential difficulty indices:

1. Path length: the minimum number of moves required to solve .:the.
Problem.

2. The number of squares not matching_in the start and goal pat-
_ terns-at the_start of the_problem (Maximum = 16).
3. The number of rows- disrupted or not matching in the two pat-

terns (maximUm = 4).
4; The'ntmber of coIumns_disrupted or not matching in the two

patterns (maximum = 4).
E. Euclidean distance function: the sum of the distances. of each

'number's position -in_ the start pattern Prim its position in
the.goal pattern_using the Pythagorean theorem (i.e., diagonal
distances- allowable).

6. City=block distance function: the sum of the distances. of each
number's position it the start pattern -from its position_ln
the -goal pattern with only vertical and horizontal (not diago-
nal) displacements calculated.

Appendix C shows each of these physical problei characteristicSfor
each of the .13 problems. .

Assessment.of student tertarmitas.- Deriving scores for 4 student
on a single problem4'and on this type of test as -a whole.; is complicat-
ed by several factors.- For example, some students were not able to
work on the test as long-as others; some_students naturally worked
taster than others; and in a few cases, data on isolated problems was
lost because of computer failure. In additiont-half'the_students did
not work on Problems 2 and 34 .since these were eliminated to shorten
the-test.

.

As a result; scoring a student's. pefOrmance merely by the:nUmber-
Of problems solved was not.only undesirable from a theoretical point of
viewtut it was also impractical due to the above confounding factors.
For this reason* and also from the Point of view of-using these prob
lems in future adaptive testing; it was desirable to develop scoring
methods that did_not depend on theparticular problem replications -on
which the student_ worked. _This. 5uggestekusins such measures as the-.
proportion orproblems_worked on by the studentthat he or she was able
to solve or. the: proportion of problems attempte&-that the student
solved in the optimal number of moves._ However; these measures_do not
take into account the differential difficulty of different. Problems or
individual differences 1n -the numberCf moves used between the optimal
and maximum allowed number; USing the number of moves a student made
on a_problet would not take:into account the differential solution path
lengths. and the diffidulty of problems; Poten.tiaI measures that would
take_into account_ the difficultly of various problems; such as the mean
difficulty -.of problems. solved or the highest difficulty prolTlet solved
in the_optimal.number 'of moves,_ -would not be comparable .for students

-who did-not receive problems of the same difficulty level.

Taking into consideration all these problems, two methods of scar-



. ihg student performance on individual problems were devised:

1. Score'l = ...the_aumbe=-4.f_ moves_the___s_tuden_t used
the.iinitht hudber of moves actualIy-required7

exaiPIe, if a. student took 15 moves to solve Problem. 6.
which required 10 moves'i-his/her score was 15/10 = 1.5 Since
a perfect score would be 1.0, this 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_the prob-
lem as indexed by the total group's performance on the prob
lem.

2. Score 2._ This score was Score 1 adjusted by the Special Dif
ficulty Index. Thts.

Score 2 = (ScoreI)ASpecial Difficulty Index)

This score reducesto

Score 2.= the number of roves the student used
the mean number of moves required..by the total group

Thus, if Score 2-= 1.0._the,studeht's.perfortance was equal to
the-group average. If Score 2 was less than 140, the student
solved the problem, in fewer moves than the average student;
conversely, if Score 2 was greater than 1.0, the student
solved the problem. in more moves than the average student;

To determine whether these speciallydefined scores were any more
.eaningful than more direct scoresi_such.as the proportion of problems.
solved, the relationships between the following four scores for
test as a whole were examined: e .

1. PROPS = the propOrtion of w.oblems_that thestudent atl',empted
(worked -on) and solved:within the maximum number of
moves -(28). .

2. PRIM = the .prOportion of problems -that the student-.attempted
and solved in the minimum (optimal) number of moves.

3. Total 1 = the average-Score.A. obtained on the problems the..
.student attempted.

-4; Tota1.2 the average Store 2 obtalied on the problems the-
student attempted.

It was hypothesized- that -the Total_2 score would_prove to be the most
meaningful score -, -since it took into- account both_the solution_path
length and the diffidulty of the problems the_student_attempted and did
not4depeid an the number of problems attempted. By adjusting for prob
lem student was penalized more by Total -2 for less- than.,
optimal .solutions on easier-probIems.tham.onmom.difficult.probIems..

Consistencz of-performance across problems. ,In important question
for determining the usefulness of this problem type in assesting spa
tial -problem7-solving ability. was Whether reliable individual differ -
'ences on various performance criteria could be identified across prob--
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lem replications of similar and varying difficulty levels. To examine
this question, the consistency of the various performance scores was
examined across all 13 problems using Pearson product-moment correla-
tions_. Since both of the individual problem scores (Score 1, Score 2)
were linear transformations of the optimal number of moves, the consis-
tency of these scores across problems in terms of Pearson product-mo-
went correlations would be the same as the stability of the number of
move used. Thus, the stability of the following performance indices
were examined:

1. The total number of legal moves used for each problem,
2. The number of illegal moves, and
3. The nv.mber of repeated moves.

The relationship between individual problem scores and total
scores- On.the_problem set as a Whole was investigated by examining the
correlations between individual prOblem_scores (Score 1, Score .2) and
total test .scores (PROPS, PROPM,Total 1, Total_2). -with and without the
particular probIem.being excluded froirAhe totaI.,score. In addition,
the relationships'between tae. total number of legal moves used (or,
equivalently. Score 1 and Score 2), the number of illegal moves. and

:--the-number-lo-f-reTe-a-ted-moves2'for,e-ach.problem were examined by comput7
I:4 the Pearson productmoment-correlations_between pairs tif these per-
-formance inclicesacross students-for all pairings of problem replica-

7- : :Res2onse-Iatenties. During testing the time -.in seconds taken by .A
..student for every move- was.recorded by the computer. This alltwed la-
tency trends across.moves.to be_plottedand_ttudiedfor-each_problem.
Three indices_wer&u.sed'to_quantitatively- characterize a student's re-

:;5ponse latencies for a4roblem:-
7

I.- Initial move latency; i.e.. how long the studett_studied-the
initial problem configuration before making'thefirst rove;

2. _The average _move latency,: i.e:; the average time taken for a'
move across the particilar. problem;:And__
Total-problkklatenpi.e.4 the total time in seconds taken
by the studean-epArticular problem..

;Ip-jorder to compare the tiMetaken on various problems with the problem:
difficulty asindexed-by0-7aiious-perfortattd measures, the mean of-the
.41p0elliree. latency mea*Otes was :computed across all subjects for each
roblem.

.

1 ..
.

Although-the-tendency fOr various performance measures (e.g. the
:nlimber of-moves needed: to- -correlate across problems indexes-the reliA=
bility ofproblemrpolving perfOrmance, the tendency for a student's
Tesponse.latencies to show consistency. across problems may indicate A.
-cognitive'stYle*. e.g.,:reflectivitY. versus impulsiveneSs (Kagan, 1965;
Kagan-et.4.._1964) ora-sliategy of planning-ahead -versus' trial and
.error or impulsive reSp4ding. :To study this possibility, the:consis-

ty;of the initial, averagei_and total response latency 'Measures
osS-probIemt.masexamined using-Pearsonproduct-moment correlations.

.rOr example' by torrdlating_thel initial move latency across students
for each pair.of_problemit could be determined:whethet: some students
Onsistently.studied'eaOh.problem for longer or shorter times than



other students. Similarly, by correlating the total problem latency
over students for each possible problem pair, it could be determined
whether the same students who took longer or shorter 'times to solve one
problem also did so on -the other problems.

It was also of interest to examine the_response latency trends as
the student progressed throughout each problem. Such trends may indi-
cate the degree of initial planning, the number of moves a student made
between study points; and the point at which the sequence oemoves to
sotution had been detected. For this purpose latency graphs for indi-
vidual students showing the response latency for each move fromstart
to solution were plotted and inspected visually. Latency plots were
examined for students who had performed well on the test and those who
had performed poorly and for problems solved and problems unsolved, in
order to detect any systematic differences in latency trends.

Relationship between performance and response latencies. In order
to determine if any relationship existed between students' performance
on the problei and the way they allocated their time on each problem,
Pear-Son product-moment correlations were computed for each problem be
tween the initial, average, and total move latencies and the number of
moves each student used. In addition, correlations were also computed
between total test score, which better indexed the student's perfor-
mance on th-6-test as a whole, and the initial, average, and total la-
tencies for each problem. For these correlations the total.test scores
used were Total 2 and a mean judges' performance rating, described be-
loW.

Judges' ratings of performance. Because reliable external crite=
ria against which the student -performance scores could be validated
were not airailabte, each student's performance on each problem was
studied independently by three judges and,each student's overall test
performance was rated on a 10-point scale, with 5 being anchored to
average or mean performance, con= sidering the sample as a whole. The
mean of_the ratings of the three judges (MRATE) was used asanother
index of student total test Tlerformince.

Since.the 'judges were familiar with: the difficulty of each problem
and could_carefully examine the student's performance cn each problem,
It was felt that these _ratings would provide -a- more complete assessment
and rank ordering of-student performance. AlthOugh less subjective,
the performance scoring methods described above were not equally able_
to take into account all toe 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 rank ordering of students by
each method with the rank -ordeink assigned by the judges' ratings.
This was done using Spearman rank-order correlation coefficients;

To determine how well independent judges could agree on the ra-
tings of student performance, interrater reliability as estimated by
the following form of the intraciass correlation was used:

P S tti Pits terror
K-30 MS_

students
(dents error

-where the various mean squares (MS) were derived from a standard two-
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way 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 order &ng of students, and not
mean level of differences of judges' ratite-, was of interest (i.e.*___
interrater reliability versus interrater agreement), the error term did
not include variation due to judges (Tinsley & Weiss, 1975).

MOtivational and biographical data, The frequency and_ percentage
of students endorsing various response alternatives to questions in the
Puzzle Reaction Questionnaire, compfetecLat the end of testing, were
taeuld-ted in orderto determine students' prior experience with this
problem 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 responses to the Puzzle Reaction Questionnaire were analyzed
and provided useful information .on the motivational_ characteristics of
the total group, the small number of students distributing themselves
over various' response 'categories made group perfOrmance comparisons
between students in different response categories inappropriate for
Many of ;the questions.

One exception was Question 2, which was especially important be=
.cause it_involved.whether previous practice with:Problems.of this type
would affect test performance. The relationship'between a student's
prior experience with this probleM type and his/her test performance
was determined by performing t.tests on the differences in mean total
score (Total 2* MRATE) for those students, reporting little or no prior

-:experience_with:this problem type versus students reporting much exper
ience

Since problems of-the type used in this study may require higher
letrels 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 different
levels of motivation in Question 4.,

fn_addition* since males. as a 'group have generally been found.to
score- higher than'females as a group on tests of-spatial abilities-
(Garai_& Scheinfeld4 1968;:MacOoby & Jacklin* 1974), it was. of interest
to determine-whether sex differences_existed tor this test. :Thus, a t
test was'used to comparethe male and female group meantotal.scores.

Perceived Difficulty Ratings

Subjective ratingsofthe perceived difficulty replications of
,the 15puzzle were obtained from a separate sample of students in order
to investigate the following questions:

1. Whatsubjective dimensions do students use it evaluating the
difficulty of this problem type?

2. How accurately can students evaluate the actual difficulty of
these problems? That is, do difficulty ratings agree with
actual performance data? How finely can discriminations be
made between problems of ti-molar difficulty levels?

3. Are there reliable individual differences in the perceived



difficulty of these problems and in the ability to make finer
discriminations?

The latter two questions; in particular, address indirectly the ques-
tion of whether students' perceptions of task difficulty can be related
to their merformance. For exampleiito the extent that reliable indi-
vidual differences in the ability fo visualize a sequence of moves in
short-term memory exist, this might be expected to result in reliable
differences in both perceived task difficulty and in actual task per-
formance.

To maximally associate perceived difficulty with actual perfor-
mance, the same students would ideally make the ratings and solve the
problems. Due to limitations in student time, this was not possible in
the present study; instead; a second sample from the'same population
was utilized Usin5 separate samples for the two tasks has the-advan-
tage that a student s rating of problem difficulty would not influence
or be influenced by actual performance on the problem.

Procedure

- Subjects. A total of_47_students from an introductory level psy-
chology course rated the difficulty of 67 stimuli. Each_stimulus con-
sisted Of a typed start-and-goal configuration for one 15-puzzle on an
indei card. To shorten thelength-of the_rating task for each student,
the. 67 Tuzzles were divided_into 4 sets of 16 or 17 puzzIes_each And
the-47 subjects were randomly assigned to one of the 4 muzzle sets.
Since the_students were divided into groUps merely to shorten the task,
analyses -were generally carried out for the sample as a.whole; thus.
the results will not be discussed separately for each group.

11111 Data for three students were not included in the analysis because:.
they failed either to perform orto.record their ratings .111 accordance
With instructions'. :Students took an average of about 40 to 45 minutes
to complete the rating task

.

Puzzle stimuli. .Selection of the_67 puzzles used in_this
'was done with care because they were to be used in several ways. For
example, in order to be able totrace the perceived difficulty trend
within a single puzzle (.which might require 16 moves from start to

ratingt were'obtained for several puzzles with the same.goal
configuration but with start cianfigurations that converged on the goal.
As a result_; it maS_possible to detect how many Moves from *the goalie
student would have to be before the problem would begin to look. some-
what easy* then.,easy0-and so on.

_ Since one hypothesized difficulty dimension- was that of path.
length (of humber of moves required); puzzles utilized a_relatively
uniform continuum-of path Iengths.from 1 to 26. Of the 12 problems
used in the problem-solving performance portion of the study; 9_were
included among-the stimuli rated in the rating task. Of these 4
were divided into subpuZzles Of varying lengths, aS.described above, in
order to examine the perceived difficulty trend within the individual
'-mroblemS:

_Rating procedure. Appendix D contains -a copy of the seif-adminis-
tered. instructron and recording booklet that each student received.
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Students were told how this type of problem was solved so that they_
could rate how difficult they thought it would be if they had to solve
it. Students first sorted the puzzles into six categories labeled Very
Difficult, Difficult, Somewhat Difficult, Somewhat Easy, Easy, and Very
Easy. It was made clear tc the students that there were no required
number of puzzles to le s-orted into any of the piles but that they
should put each 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 puzzi -es were specially, selected ahead of time to
range from Very Easy to Very Difficult; in terms of path length. These
four puzzles had a special message on the index card instructing the
student to-provide reasons, or a basis, for sorting the stimuli into a
specific category. These reasons, along with the posttask questions
(see Appendix D) regarding what rules or criteria they used for sorting
into each of the six categories, constituted the protocols that were
later analyzed to determine the dimensions on which the students
thought they were sorting.

. After recording the puzzles that were sorted into the original six
categories, students' were asked to attempt to break down each category
into subcategories based on finer difficulty discriminations. The stu
dents were encouraged to'subdivide into as many subcategories as they
could:but only to do so if they felt they could differentiate the dif
ficulty of the puzzles-in the same category. No resorting across the
original six categories was allowed. After recording the stimuli in
each of the final subdivided categories, students responded to a ques
tionnaire that gathered information about their prior experience with
this kind of puzzle, whether they had difficulty understanding the
task, and their motivation level during the study. More importantly,
students provided their own rules or criteria for sorting into each of
the categories, for example, how they distinguished ,a Very Easy from a
Somewhat Easy puzzle.

On the last pige of the booklet, and after the students had al
ready volunteered their own.rating dimensions or rules, a list of nine
dimensions was. provided, which were hypothesized to be related to stu
dents' ratings, Students were asked to indicate for each of the nine
dimensions whether they considered it in all, most, some, or none of
the puzzle ratings. These nine dimensions also included two dimensions
that were supposed to serve as validity dimensions (see Questions 8c
an 8f in Appendix D). It was felt that these dimensionS (particularly.
8f) would be irrelevant to perceived difficulty and would therefore
serve to detect students who were randomly responding or feeling that
=they should have used every dithension-suggested by the experimenter;

AgAlysis

Reported-dimensions of difficulty; Selfreported dimensions of
perceived Tmfficult were Thig of two types in. this_study. First, stu
dents voluntarily pro*ited the basis for their lifficultykjudgments
during the sorting-taskuring this portion of the task, students
were provided no informati lisas to the dimensions to be used in making
their judgments. 'After serfilig ihe puzzles into piles.- epresenting
different perceived difficultivelsi an experimenter provided list of
possible rating dimensions was provided and students indicated whether
they used each dimension'on allimost, some, or none .of the problems:



_ For each type_of_self7-report _(the voluntary protocols and the_ex
perimenter7provided dimensions), the proportion of students reporting
use of each dimension was calculated and a determination was made of
the most frequently used or important rating dimensions. Judgments of
which dimensions were being reported during the sorting_task were made
by one graduate and_one undergraduate research assistant and involved
studying the_students' wrItten_responses_to the ProVide your reasons_
section of therating booklet (see Appendix Di_Step 1) and Questions 5,
6, and 7 in the postrating task questionnaire (see Step 4 in Appendix
D). Representative protocols provided by the students to indicate use
of each reported rating dimension are contained in Appendix E.

Perceived difficulty mean ratings. _Scale values representing mean
perceived difficulty were obtained from the_final subdivided category
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
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 puzzle'. The mean rating
across all students was then computed to obtain the subdivided scale
values. These subdivided scale values were then divided by IOto scale,
them from 1 to 6, thus making them comparable to the original category
labels. Thus, a puzzle felt to be.Very Easy by the average student
would have a scale value in. the range of about .5 to 1.5, an Easy puz
zle's scale value would range from 1.5 to 2.5, and so on:

These scale values were then used to determine the range of prob
lems (e.g., problems requirtng three to six moves) perceived to be in
each of the categories (e:gi Very Easy, Easy) by plotting 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 investt=
gated by correlating mean difficulty ratings- with the performance and
response latency measures obtained for the nine puzzles that were in
cluded in both the performance and difficulty rating portions of this
study.

Relationships_ Between Objective and Subjective DifficUlty Indices

Each of the _performanc-eMeasuresiresponse tatenny-7tied-tures phys:T
idal problem charadteristics, and the perdeived difficulty mean ratings
can be considered potential problem difficulty indices. For example.:
thedifficulty of a problem could be indexed in several wayt: (1) by
the proportion of_persons_solving it* (2) -by the average response la
tency used in working on the problem, or_(3) by the number_of squares
,n-eeding to be moved lar a distances in the pattern. The similarity of
the rank orders of vari us objective indices will Iikg-Iy vary.' .

In addition4 the rank oirderingt of the problem difficulties by .

performance or physical indices obtained in the first part: of the study
can be compared_with the rank ordering_of subjective (perceived) diffi
culty obtained in the second part of_the. study. For this_purpotet_the
Spearian rankorder correlation coefficientwisdomputed between the
rank orders of problem difficulty provided by all performance, latency,



physical;_and perceived difncuIty indices; Some of the questions ad-
dressed through examination of these correlations were as follows:

1. Do the performance criteria tsed An this study (mean number of
moves, proportion solving the problem, proportion solving it
in the minimum number of moves) similarly index problem diffi-
culty?,

2. Do problems that:take the most total time to solve or that_
re-quire longer average move latencies also involve longer ini-
tial study times or latencies? '

3. Is there a relationship between .the difficulty of a problem as
indexed by performance criteria and the initial_move latency;
average move latency, or total time taken in solving the prob-
lem? _ .

4. How well does the perceived difficulty of the problems compare
with the actual difficulty as indexed by performance and la -.
tency data-and various physical attributes -of the probleml- .

5. Which- physical characteristics of. the problem (e.g., -path,
length, number of squares out of order) are most predictive of
various performance and latency measures?

RESULTS

Com2uter Administered Problems

Problem Characteristics

Indices of problem difficulty; Table 1 shows the number. of stn.'
dents who attempted each problem (including the practice problem; Yrdb-
lem 1),. -the optimal-or-minimal_mumber_of_moves_required-to solve-each
problem (path length), and the- frequency and percentage of students who
used various-numbers_of moves before solving_or_giving up working on.
the problem; These data. slIggest_that most of the_problems_were too.
easy; `with from .70.:4% to 98.2% of; the students solving 9 of the 13

,.problems- in the optimal number of.moves; -Problems 10; 12, 3i and;
a'lesser extent; Problem 9 were more challenging, with from 11;6% to
45.7% of the- students solving the problems'itthe optimal number of
moves. The data_in Table. .1 also show that the optical number.oflioves
was not a.perfect indicator_ofdifficulty_as indexed by student perfor-
tan ce.;____LProbIems-4-and:-51--which-tbuld-opttmally-Ye-t6Ifel- in 8 moves,
were solvekin the optimal number-Of moves Iess.lreutentIy .(75;9% and
77;8%) than Problem -6' (87;0%); for which the*opttiaI number. of moves.
was_10;: Similarly, Problems 10 and 11 could both be solved optimally
in 14-moves; but only 29.5% of the_students solved Problem 10 in that
number of moves, whereas 79.6% of the students-solved Problem 11 in the
optima'. number of moves;

Additional data on student performance characteristiCs of the
problemS are shown in Table 2; With the exception of Problems 5, 10,
124. and - i3; 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 Table_2'shows'that all students solved
the first tire problems in the allowed maximum_number"of moves (for the.
longer,problems the maximum number of moves .allowed was 28), and only
ftir Problems 12 .(66;6% solving) and 13 (66,44% solving) were there sub-
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stantial numbers of students failing to solve the problems. RdW 3 re--
ports the proportion of students solving each problem in the optimal
number of moves. With the exception of Problems 9, 10, 12, and 13, 70%
or more of the students were able to salve the rest of the problems in
the optimal number of moves.

_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 problems. For example, for Problem 4 this index equaled 1.21,
indicating that the average student required 21% more than the minimum
number of moves to solve the problem; The difficulty of each 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 134_ with spe
cial indexes of 1.45, 1.44,,1.50, and 1.51, required substantial num
bers of moves over the minimum number required for solution

A comparison.of the performance index and ;the Special DifticuIty
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 relationship_
was not_strictly monotonic-a_ For example*_although Problem 11_required
at least 14 moves _for solution, this;, problem was much easier for stu=
dents than some of the problems requinng.fewer moves. _ThUS, minimal
solution path was not thesolse- determinant of a problem's difficultya

-

Mean problem latencies: = Rows -5 through _7 of Table 2_showthemean=
initial, average*.and'total latencies of students for each -of the 13
problems. _The data on average amount of time_spent by students prier
to their first move. (mean initial latency) indicates a strong, though
not perfect, relationship with the difficulty of the problem as indexed
by the other.performance criteriaa This relationship appears eve
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 _theshortest-path lengths (Problems -2 and 3) and were longest_for..

the four problems with the longest path-lengths (Problems 9 through
.13). The:trend for the remaining seven problems was less consistent,
except that students seemed, not surprisingly* to use more time to
study and to complete the practice problem than would be predicted on
the basis of its short_path length.. Students usually took_about 20 to
60 seconds to make their first moveo.whereas total time working on-a
single problem-ranged from about 67 to 361 secondsa Most problems were
solved in about:2;5 minutes (150 seconds) or less;

There appealed to be no consistent relationship between path
lengths of the problems and the average latency for the moves within a
single problem (row 6 in Table 2). Students generally took from 8 to
15 seconds to make a single move, although again more time was taken on
the practice problem (Problem 1).

Perceived scale valves. Row 8 of Table 2 shows the mean perceived
difficulty scale values for the nine test problems that were included
in the perceived difficulty rating portion of the study. given Vile .

assignment, of the numbers 1, 2, 3, 4, 5, and 6, respectively, to the
categories Very Easy, Easy, Somewhat Easy, Somewhat Difficult, Diffi=
cult, and Very Difficult, row 8 shows that none of the problems was

25



Table 2

414e0iffitiiityk_

Problem Characteriaticsi Student
Peoriance404-asl_Perceived Scale Values for Each Problem

-.Difficulty Index, 1- 2

Mean NO; of lives 3.04 4.52

Proportion Solving 100.00 100,00

Proportion Soli/int'

OptiMally 98.20 93;90

-_-

Index_ 1.01 1.13

$eaa Initial Litenty 53.50 .27;40

Mean 'Wage-Latency 25.80 15.30

Mean Totallatency 94.30 82.30

Perceived Difficulty

Solution Path Length 3 4

Hein Illegal Moves ;49 :82

110an Repeated Moves .04 .15

-Prolem Rider

3 4 '5 6 _7 8

6.06 9.68 9.90 11;39 12.81 15.24

100.00 100;00 100;00 94.50 98;20 88i00

. 75.90 71.80 87.00 70.40 7840

1.01 1;21 1.23 1;12 .1;28 _1.24

21.80 43;90 45;60, 39.90 33.10 43.10

10,70 _14.00 . 15.10 12.80 8;90 '930

67.40 151.50 160.90 150.20 .117;90 151;30

2.20 3.00 2.90 3.60

6 8 8,_ 10 10 12 12 14 14 16 16

-X .87 .54 ;50 .63 ;58 ;74 1;05 .61 1.56 .92

.03 .37 ;17 ;32 .04 .18 .56 1.09 .22 1.02 1,40

9 10 11 12 . 13--'

18.00 21.04 15.61 25.54. 25,84

84.80 86.40 98.00 66.60 66;40

45;70 29;50 79;ef 14.60 20.40

1.45 1.44 1;11 .1;50 1;51

61.70 62.20 45.10 63.60 59;50

14.00 13.10 _9;30 _11,60 14.50

244.90 278.30 150.60 290.10 361;60

3.91 4;45 '3;08 4;30 3.00
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considered Difficult or Very Difficult by the average student. ?cur
__problems (9, 10; 12, and, a lesser extent, 8) were considered Some
what Difficult, and the remaining problems (4, 6; 7, 11, and 13) were
perceived as Easy or Somewhat Easy. The difficulty perceptions gener
ally indicated agreement with actual performance indices of difficulty,
but there were some marked exceptions. In particular, Problems '8 and
11 were perceived as being more difficult than was indicated by the
performance data, whereas the most difficult problem --Problem 13 with
Special Difficulty Index of 1.51 (row 4)--was perceived as being Some
what Easy by the average student. These data indicate that students'

__initial a!fficulty perceptions of these-problems are particu
larly for problems with longer solution paths.

Illegal-and repeated moves. Rows 10 and 11 of Table 2 contain the
mean number 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 the'
number of illegal or repeated moves. _For Problems 10, 12, -and 13, how
ever; the average student made approximately one or more illegal and__
one or more 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 and other illegal moves. It
would be difficult to unconfound.this tendency with any tendency to be
more careless on the more difficult problems. The slightly increased
number of repeated move configurations for Problems 10, 12; and 13 may
be more meaningful, indicating a greater likelihood of students needing
to back up in their solutions to the mere difficult-problems. Because
df.the_small_number of illegal and repeated moves made by the average
student on these_problems; these measures were tot considered further
as potential indices of problem difficulty (e.g., they do not appear in
Table 3).

Relationships among indices of problem difficula. Table 3 showS
rank=order correlations among the potential indices of problem difficul
ty--performance indices, latency measures; perceived difficulty; and
various physical problem characteristics; Data for Variables 1 through
S are in Table 2, data for Variables 10 through 14 are in Appendix C
for each of the problems.

_The_correlations in rows 2 through 4 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.proportion of_students
solving the problem in the optimal number of moves (P=.95) and_between
the mean_number_of moves used and the proportion of students solving
the problem in the maximum allowed moves (p=.94). The utility of the
.Special Difficulty Index-over the other performance'indices of
difficulty is- suggested by its lower_correldtion with sdlution path
length (p=.77), For example; using the mean number of moves-required
by the sample to solve_different_problems is less_adequate as-an_

:indicator of problem difficulty because_it_labeled all puzzles -with
long solution paths as difficult 1p=.98)_when. in fact; not all long
1..duzzies Were difficult (e.g.; Problem 11)..
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Table 3

to: ' to :iv Difficulty Indices

Difficulty Index

1, Mean Mbves

2. Proportion

Solving
4

3. Proportion

Saving

Optimally -;096 .75

4. Special

Difficulty

Judd

Perceived PhYeiCal

ferfOrManteIndices- ----Latencies Difficulty Problem Characteristics

1 2 3 4 5 6- 7. I 8 _9 .10 11 12 13

-.81 -.95

Mft.M.MMMM.1 M....OMMIMMAIONOWYMODIMMOOMM.M.DMM.....1.4.1. .110.MWO.MMMIIMIMMMODOPM.

5. Mean Initial

Latency'

6. Mean Average

Latency

7. Mean.Total

5 =.63 =.67 ..63

-.34 .24 .15 =..07 .25

Latency .84 -.76 -.89 .86 .84 .08

..MM11....mmOPM00.M.Mm.MM

.PaaipmfaMEN 10000mda.MENM MMIONDMmeNPMamm.bas-..w

8. Perceived

DiffiCOlty .64 -.63 -;43

9; Solution Pith

length

Optimal Mbves) .98 =31 =.80 .77

10; No._, of Squares

Not :matching .42 --.37 z.11 .04

11. No.. of Row

Not Hatching .25. -.26' -.04 .00

12. No. of Columns

Rot Matching .23 -.20 .10 -.08

13; luclidean

Distance .62 -.60 -.36 .31

,14. City-Dlock

Distance .67. -.62 .35

;75 ;00 .48

1111M .11.....1.110MMINONMm.4010

.61 -.42 ;79 ;63

.04 =.67 .19 ;32 .51

.46 ;.21 .17 .70 .34 .37

-.10 -.35 .13 =.03 .30 = .81

.22 -.68 '.35 .38 .70 .85 .34 .60

.27 -.71 ;37. .37 ;74 .79 .35 .48 .98

Note. ,
For Row 8 only, corrilitioni treater than .64 are statistically significant; for all other

_

pwa-correlations greite;than .51 are statistically si kat.

N
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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 mean initial and
total latency measures rank ordered the problem difficulties similarly.
That is, problems which took longer times to solve were also studied
longer initially (p=.84), but the average time for moves within a prob
lem was not significantly related to either the initial move (p=i25) or
the total problem latency (P=.08).

The correlations between the latency variables (rows 5 through 7)
and the performance variables (columns 1 to 4) show that the total time-
s-pent on a -proinem(raw---7) bythe dv-erage stfikent was highly predictive
(P's=.84, .76, .89, 86) of difficulty 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, .63, n.67, .63). That is, not surprisingly, more difficult
problems were studied longer initially and took longer to solve. The
correlations in columns 5 to 7 of.row 9 also show a strong relationship
between mean initial and total latency and solution path length (P 's=
.61 and .79, respectively), indicating that the problems with longer
solution paths were studied longer initially and worked on longer.

The correlations in colbrans I to 4 of row 8 showthat_students.'
:Perceptions of problem difficulties agreed somewhat, btt_not as_much as
might be_expected,_with_the_actual performance measures (P's=.64. =:6.3*

Althotgh_all these correlations were in the appropriate.
direction,. only the first two approached statistical significance due
to the small number of problems (nine) for which both performance and
perceived difficulty indices were available; The perceived difficulty
scale values in row 8:otTable,2 suggest that this lowerthanexpected
relationship was due to the students'- inability todifferentiate the.
relative difficulties of problems_with longer solution paths -(such as
those used in Problems 9 through 13). The correlation between per_
ceived difficulty and solution path length (P=;63) was not as high for
the problems solved on "he-computer as for the larger stimulus set used
in the rating study (r=;88), probably because the range of path lengths
used in the computer test was.more restricted.

The only significant_correlationbetween_perceived difficulty and
latencies (columns 5'tt 7) was with the mean initial latency_ measure
(p=-75). In fact, this represented the highest correlation in the
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 whether or not these

Problems actually were the most difficult).

Examination of the correlations in column 8 shows that perceived
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 in the two patterns (P=.70). Correla
tions with some of the other physical problem characteristics, e.g.,
the number of squares not matching andithe Euclidean and City=llock
distance funttions9 were probably restricted by the reduced range of
values in the computerized test as opposed.to the rating study (see
section below on dimensions of perceived difficulty).

Examination of rows 9 to 14, columns 1 to 1, shows that only the
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solution path length (row 9), and to a lesser extent the_Euclidean_and
City-Block distances' *rows 13 and 14), were useful in predicting diffi=
culty as_indezed by the four performance measures of difficulty: Solu-
tion path length rank ordered problem difficulty quite similarly to the
four performance- measures (P s =.98, -.91, -.8(4 and .77), being most
'independent of the- Special Difficulty Index (P=.77). The two distance

mean-_flumber-OTTEuves (P's=-.a6 and
neither significant) and the Special Difficulty Index (P's=.31 and .35,
neither significant).

Solution path length (row 9) 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 any of the performance criteria, it was inversely related to
three_physical problem characteristics--the number of squares not
matching (P=-.67), the Euclidean distance function (P=-.68), and the
City-Black distance function (P=7.71). These negative correlations
suggest the possibility 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 in
rows and columns 9 to 14 show that the more highly related problem
characteristics Were solution path length, the number of squares not
matching, and the two distance functions. For this set_ of problems,
the Euclidean and City-Block distances were virtually identical (P=.98).
Although the number of rows not matching did not .relate to other physi-
cal problem characteristics;_ the number of columns not matching did
correlate with the number of squares not matching (P=.81) and the Eu-
clidean diitance 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 dependent on the particular set of problem
replications used.

Assessment of Individual Student Performance

Scoring methods. For eaah individual problem two scores were com-
puted--Score 1, defined as the number of moves the student required
divided by the minimum number 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 PROPM were the proportion of problems attempted that were solved
within the maximum allowed moves (PROPS) and in the minimum number of

moves (PROPM). Table 4 shows the means* standard deviations, and range
of all these scores for the present sample.

_Note that although not all students workedvon each individual
problem, thus not having a 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 prob-
lems solved or solved optimally; whereas Taal 1 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
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Table 4
Mean, Standard Deviation, and Range of Four Total

Scores and Thirteen IndiVidual Problem Scores

scorp__ Problen N Mean

PROPS
PAWN
TOtaI7I'
Total 2
Score 1

StOre 2

55 .83

_5a .66
55 1.25
55 1.00

1 55 1.01
2 33 1.13
3 33 1.01
4 54 1.21.

54 1.23
6 54 1.12
7 54 1.28
8 50 1.24
9 46 1.45

10 44 1.44
11 49 1.11
12 48. 1.50
13 49 1.51

1 55 1.00
2 33 1.00
3 33 1.00
4 54 1.00
5 54 1.00
6 54 1.00
7 54 1.00
8. 50 1.00
9 46 1.00

10 44 1.00
11 49 1.00
12 48 1.00
13 49 1.00

Best.
Standard Score

Deviation Obtain
a

.12 1.00

.16 100_

.18 1.00

.14 .84

Poorest
Score_

faraineda

09
.52
;06
.56,

.55

.41

.49

.49

.54

.27
29
.31

.09

.08

.06

.46

.44

.3T

.38

.40

.37

.28

.25

.19

.20 ;

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

.99

.89

.99

.83

.81

.89

.78

.81

.69

.69

.90

.67

.66

.50

16
1.70
1.38

1.67
3.25
1.33
3.25
3.25
2.80
2.80 -
2.33
2.33
2.00
2.00
1.75
1.75

1.65
2.88
1.32
2.69
2.64-

2.50
2.19
1.88
1.61
1.39
1.80
1.17
1.16

.

Note that higher numbers teptesedt better scores for the PROPS
and PROPM.scores and lower nuMbert reflect better scores for the
Total 1 and Total 2 scores.

adaptivetesting where not all students work on the same problems.

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

solved 83% of the_problems attemuted in the maximum allowable moves.
It _least One-student solved all the probleMS attempted-(best score _=
1,00), and the student with the-poorest score (.50)- .solved only half-of

the.prdbletS attemptech The PROPM data indicate^ that:the average stu-
dent.sdlVed 66% of the problemsattempted in the optimal number.- of

.movesi with proportions' rAnging:from,100% to 36% solved optiially. The

Total 1 mean tdord_ShOWS that the average student required 25% (mean =
.i25). mare moves than optimally. required to solve the average problem.
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At least one student averaged 70% more moves than required (poorest
score = 1.70), and one solved all_problems attempted in the minimum
number of moves (best score = 1.00).

The Total. I score renresentt-the proportion e

minimum number possible, and the Total 2 score represents. the pro-pox.=
tion of moves greater or_less than theme_als-numbe-r--r-e-q-ai-re
group as a whole. This is also true.for the difference between the tllo
individual problem scores, Score 1 end Score 2. Thus, by definition,
the- mean Total 2 score and mean -Score 2 equal-1;00; The best Total 2
score was .84, indicating an average problem solution of 16% fewer
moves than the group norm; 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 group.

By definition, the mean Score 1 for each problem will be equal to
the Special Difficulty Index (i.e.; mean number of moves required by
the sample divided by optimal number of moves)... However, the data in

Independent Judges
-Tbt

Table 5
Ratings and Mean Rating (MRATE) of

16 1

Judge udge-
Student 1 2 3 MRATE Student 1 -2-3-MATE

1 6 6 7 6.3 30 6 4 4 4.7

2 7 5 6 6.0 31 6 5 7 6.0

3 6 6 7 6.3 32 3 3 3 3.0

4 4 4 5 4.3 33 2 3 3 2.7

5 5 5 5 5.0 34 7 8 6 7.0

6 7 7 8 7.3 35 8 6 7 7.0

7 6 6 8 6.7 36 5 4 7 5.3

8 4 3 6 4.3 37 2 3 6 3.7

9 7 5 7 6.3 38 7 6 2 5.0

10 8 6 8 7.7 39 6 4 5 5.0

4 3 6 4.3 40 5 5 5 5.0

12 8 8 8 , 8.0 41 5 5 6 5.3

13 5 5 6 5.3 42 4 5 6 5.0

14 4 4 5 4.3 43 9 8 9 8.7

15 2 2 3 2.0 44 4 3 2 3.0

16 3 3 4 3.3 45 -. 5. 4 6 5.0

17 8 8 8 8.0 46 7 7 8 7.3

18 7 5 6 6.0 47 5 5 5 5.0

19 6 5 5 5.3 48 5 5 6 5.3

20 5 5 5 5.0 49 3 3 3 ' 3.0

21 4 5 5 4.7 50 8 8 8 8.0

22 3 3 3 3.0 51 7 6 7 6.7

23 8 6 7 7.0 52 2 2 1 1.7

24 6 4 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 1.7

27 8 8 7 7.7 Mean 5.3 4.8 5.4 5.2

28 3 3 3 3.0 SD 2.0 1.7 2.0 1.8

29 6 5 5 5.3
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-Table 4 show differing levels of_difficulty for the 13 problems as in-
dexed by Score 1. For example, Problem 9 (mean Score 1 = 1.45) was
more difficult for the sample than Problem 4 (mean Score 1 = I.21)
since Problem 9 required an average of 45% more moves than_themplIza_i_______

the optimal. number for Problem 4.

Sotyre-114-itke-Ib-Iii-Z;indexes performance relative to the mean
student. As a result,_the mean Score 2 across all students is 1.00 for
each problem_by definition. Values of Score 2 below 1.00 indicate
fewer_moves than the average student, and scores greater than 1.00
reflect more moves than the average student., Efamination.of the best
atd_poorest_values of Score 2 indicate considerable variability it_
student performance on_the'problems. - The :best student on Problem 13
completed the problem in two- thirds of_the average number of _moves
required by the average student, and the poorest student on Problem 2
required 2.8e times.the.average number of moves.

Judges- ratim_of nmformance. 'Table 5 contains the ratings on a
10-point scaleof each student's overall test performance by three inde7-
pendent:judges and the resulting mean rating (MRATE) used as a criteri-
on in this study_ against which to compa:re the alternative scoring: meth-
ods. The mean and standard deviation of each Judge's ratings and the
.overall mean ratings are also shown. :The means of each column were Ali
-close to 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 indicate a comparable spread of judgments_by
each judge.. For only 6 of 55- students did any two judges differ by
more than 2.in their assigned ratings.; of these 6- students 4 were in- _

consistent-in that they performed either-very, well on most problems and
very_poarly on a few (Students 8.and 11) or well on some difficult .

problems ,but -less well on easier ones (Students 37 a.nd 53). One of the
students (Student_36) did_inot have data for_three_problems_onan impor-
tant part of the test, making it difficult to evaluate that student's
overall performance on the test.

Table 6 shows the results of_the interrater reliability analysis.
As Table 6 shows, most of the variance in ratings was due to individual
tiffeences.in student performancei.an&substantial interrater reit=
ability (Pt= .80) was obtained.

Table 6

Students (8)
-Ridges _(4)
Error (a X

_502.5 9.3
10.6 5.3

10E 75.4 .7

Relationshln between judges' ratings and 'Scoring methods. Table _7
shows the Spearman rank-order coefficients between each of the individ-
ual total performance scores (PROPS, PROPM, Total\l, and Total 2) and
MUTE.- In terms of its relationship with the othei\scoring methods and
MRATE, PROPS was clearly the least adequate total score. This is not
surprising, since this scoring method does not use important informa-
tion on the differential number of moves that are less \than the maximum
allowed. The highest relationship between scores was between Total 1
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and TOtal 2 (r = .96); these scores undoubtedly are so similar in this
study because the test was not adaptive. Most- students attempted the
same= problems. so that the Total 2 adjustment for the difficulty level--
of the problems attemptesi_Ald_motf-leren-tiatt bt-tvetn_students. In

ptIve where students converged on-problems of varying diffi=
culty levels, performance as indexed by Total 4 and Total 2 would be-
expected to differ appreciably.

Table 7
Spearman Rank-Order Correlations Between IndiVidtal

Total-Performanee-Scores and Mean Performance Ratin s
Score PROPS PROPM Total 1 Total

PROPS
PROPM .71
Total 1 -.79 -.88
Total 2 -.74 =.81 .96
MRATE .68 .87 =.85 =.89
Note. All Spearman coefficients significant at p < .001.

Although the correlation of these two scores was high, examination
of the students who 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 group, with the
exception of three students who had the top three Total 1 scores but
ranked 14 through 16 on Total _2 scores. All three of these students
worked only on the easier problems and solved them all in close to the
optimal number of moves; as a result, their Total scores were high.
However, many students who did well -on the more difficult problems re-
ceived higher Total 2 scores as well, because such scores take into
account the difficulty level of problems attempted.

If the judges' ratings, which examined each protocol in a more
comprehensive way, were Used as a criterion against which to evaluate
the different scoring methods; Total 2 was slightly 131t not signifi-
cantly better than the PROPM and -Total 1 scores._ The_judges,_in de -.-
scribing how they made their ratings._were_clearly taking into account
not only the number .of moves beyond the- optimal number (Total- 1) bUt
also the relative difficulty of the problems attempted by_each_student;

. therefore, if students had worked on problems ofimore varied difficulty
levels, Total 2, which takes both these factors_into accoutti would.
seem to be even more superior to PROPM and Total 1.

Consistencz of Rerformance across problm. Important for the.
usefulness of this problem type in assessing spatial problem- solving
ability is whether reliable individual differences on various perfor-
mance criteria can be Identified across problem replications af similar
and.varying_difficulty levels. Table -8 shows the intercorrelatioas 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_consistency_of the Number of .

Moves performance measure across problems. That is, there was i-not a
consistent tendency for studg-pits to rank order themselves similarly
across problems on-this performance score. Some small clusters of sta-
tistically significant and moderate size correlations existed betwten
PrOblems 2 through 4i Problems 5. through 10, and to a lesser extent
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Intertorreiations of Number -of- Illegal -Moves (Upper TriingIe); and.
Total Number of Moves-(1.60er Triangle)-for-13-Problems

Problem
1! 2 3. 4 5 6 7 8 9

33
.41

33
.13

'54

.14

'54
.07

54

=.23
54

.=.04

50 46
-.08 -.17

33 33 33 .32 32' .32 30 28

.=.04 .08 .35 .48 .13 .48 .20 .11

.33 33 33 32 32 32 30 28

--.03 .74 -.20 .20 ;16 =.19 .06

54' 33 '33. 53 53 53 49 45

-.05 ;41 .60 tis- ;24 ;06 ;41 .12 .03

54 32 32 53 54 53 49 45

=.06 .02 =.08 .25 .24 .21 ..19 .02

54 32 32 '53 54 '\_ 53 49 45

=.04 =409 =.06 =.04 .21' .20 .04 =.00
54 32 32 53 53 53 -%\ 50 46

.21 .10. -.I1 .13 .34 .32 `- .23. .07

50 30. 30 .49 49 49 50 46

-.07 -.12 -.08 ;18 .38 .I0 -.06 \_ .27
-46 28 28 45 45 45 46 46 -'\_

-.12: -.22 -.16 -.05 .10 .35 ;12 .1I

44 28 28 43 : 43 -43 44 44 44

.22. =.05 =.11 .20 .03 . .30 .35 -.20 ;14

49 28 28 48 . 48 48 49 48 45

.02. .18 =.10 .17 .18 =.10- .18 .19 =.12

48 28 28 47 47 47 48 47 44

.13 .17 .14 -.03. -.07 .08 .01 .00 .41

49 29 29 49 49 49 49 48' 45

;11 .04 ..17 .12- -.14 .15 ;02 -.06 .26

10 11

44
-.20
28

=.10
28
.16

43
-.06
43

-.07
43
.23

44
.12

44
.17

44
.14

49
;03

28
. 29

28
=.08
48:
.29

48
.24

48
.33
49

. 14

48
.04
45
.07

43
.29

43
.08

42
.26

44
.=;.02

47
=.11

12 13

48 49
-.15 -.03

28 29
.02 .42

28 29
=.10 =.20
4? 49
.39 .39

4? 49
;36' ;57

47 49
;17 .07

48 49
.33 .32

47 48
.03 .22

44 -45

.20 .20

42 44
.02 ;18

47 48
.35 ;12

'%- 47

48 .4?

=.03 .05



between Problems 9, 10* 12, and 13. These moderate positive correla-
tions* which tendto be located near the diagonal, suggest that al-
though individual differences as indexed by total number of moves were
not very consistent- for the particular set of problems used here, con-
sistency of performance was more likely to be obtained across problems
of more similar difficulty levels.

A probable reason for the lack of consistent performance across
problems is_the small variation in-performance for most of the problems
due tc the overall_easiness of the test. With the majority of students
solving many problems_ in the minimal or clove to minimal number of
moves, the low_variability ofthe performance scores across problems
would greatly decrease correlations.

Similarly* there was not a strong tendency for the same students
to make more illegal moves across problems* as indicated in the upper
half of Table 8. Hoyeveri many more moderate and statistically-signif-
icant correlations existed_ than would be expected by chance. It was
originally expected that_the_ntmber 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 likelihood of large correla-
tions across problems but also suggested that the moderate correlations
that did appear were due more to carelessness on the part of some stu-
dents in/entering their responses on the CAT.

From Table 2 it was also-.seen that there were very few repeated
moves made by students* indicative.of lecking_up in the probIem_solu-
tion. of surprisingly, then* no strong consistency across problems
was fou d for this performance indei (see correlation matrix in Appen-
dix Tab e F-1).

T examine the relationship between the number.of legal moves
used, he number of illegal moves* and -the number of repeated moves
within a single problem and across problems* 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 other within
and adross problems._ Examination-of the intercorrelation matrices dem-
onstrdted that_the number of, total, repeated_moves on the
same or on a different problem were not highly correlated* with the.
exception that within the same problem the number of repeated moves
correlated.moderatelY highly (average r = .49) with the number of total
moves (sde Appendix Table F-3). This latter relationship is not sur-
prising,-since it is a_part-whole correlation* with the number of re-
peated moves being incltded 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_ltem-total"correla-
tions* shown in Table 9, 'can',,assist in- selecting the problems that are
most discriminating. In Table -9 the five or six highest correlations
in each row are underlined. These data_indiCate that generally.prob-
lems in_the_middle range ofditificulty (Problems 4 to 10) were most
discriminating._ Since correlations between individual- problem scores
and the four alternative total scores are to varying degrees part-whole



correlations, the last two rows of Table 9 show the correlations be-
tween a problem Score and the total score-on the remaining problems.
using the two total scores discussed earlier as being the most promis-
ing (Total 1, Total 2). Considering -that the problem-excluded total
scores consist of only 12 -items and that the easiest and most diffi=
cult problems were not very discriminating; some of the correlations
are encouraging; The data suggest that if several problems can be
tailored to the same difficulty level (see discussion of Table 3 a=

-bone), one appropriate for each individual student, improved reliabiIi-
°ty may be obtained.

Table 9
Product - ?foment Correlations Between Individual Problem Scores
(Score 1; Score 2a) and Several Total Test Scores, by Problem

Total Score
Problem

1 2 3 4 5 6 7 8 9 10 11 12 ALIr

PROPS -;07 -;21 -;20 -AI -.36 -;47 -.24 -.31 -;47 -;38_ -;25 -;42

PROPM -;32 -;18 -.44 -.35 -.36 -.58 :-.29 -.46 -.40' --:37

Total 1 ;06 ;35 ;26 .53 ;55 .49 .60 .41 .49 .43 .26 .33

Total 2 .06 ;36 .27 .56 .61 .49 .61 .43 .44 .43 .32' .28 .22

Problem
Eiauded_
Total 1 .04 .14 .24 ;30 ;30 ;31 ;39 ;18 .26 .27 ;15 .18 .10

Total 2 ;02 ;11 ;23 ;32 ;39 ;29 ;42 ;21 ;24 ;28 ;19 .16 .10

Note. If irl > .36, p < .01; if tri > .27, p.1 .05.
aSince Score 1 And Score' 2 were linear transformations of each other, correlations with
total scores were identical.

Res se Latencies

Consistencx of latenormeasures acrost7Erablems. Table 10 shows
the intercorrelations of initial response latencies (lower triangle)
and average response.Iatencies (upper triangle) across all 13 problems.
The initial latency correlations showed a moderate:to strong tendency
for individuals to be consistent in the amount of time they spent in
initial study of a problem prior to their first move.. There was an
even stronger tendency for the average time per move to_be consistent
'across problems, with most of the correlations in the .30 to .50 range
and many in the .70 to .80 range;

Table 11 shows the intercorrelationt o? the total time spent on
each_problem. These data indicate a moderate relationship across most
problems.

The response latency measures may also reflect individual differ-

d-substantial-Thus, there seemed 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 cognitive style of reflectivity Tersus impuIsivfness (Kagan4_1965;
Kagan_et'al., 1964) or the degree of planning by the student. Since

Aall three correlation matrices (initial; average, and total latencies)
showed a slight tendency for the correlations to-be largest near the

ry somediagonal, the work Strategy or style of each student may vawhat
problemsat different points it:the test,lbeing more consistent for

that are worked on closer to each other in time. =



Table 10_
IntercorreIations of Initial Response Latencies_(Lower Triangle)i and

"Average-Ibmponse_liateliates (Upper Triangle) for 13-Problems

oblem 1

6

8

t
N 33
r .3

N 34*
r .29

N 54
r .31

N 54
t .21
N 54
r .27

N 54
r -.19
1V: 50

N
;16

N 46
r -.06'
N 44:
r .13

N 49 -_

r .07.

L

2 3 4

33

.74

32
.14

33
.65
33

.83

54

.50
33

: -.85

33.

.84

33 .32

.26 .34

32 32 53

..10 ;04 .54

32 31 -53

.34 .08 .63

. 32 -32 53

-.21 .24 :51'

30' 30 49

.17 .07 .11

28 28 45
-.05 .26 ;17

28 28 .. 43

.07 .20 -.46
28 28 08
.19 .05 .25

Problem

5 6

:54 54
.45 .45

32 3g
.77 .84

32 32
.78 .81

53 53

_ .71 .81

54
."!,s_ .66

54 N'.%._

.52 %"...-

53 53
.39 .25

49 49
.08 .29

45 45
.28 ;.34

43 43

;71 .46
48 48
.38 .28

N 47' 27 27 46 46 :46

r .23. .35 -.31. 7 .03 . .24 .24

7 _8

54 50
.27 .19

-32 30
..67 .48

32 30
;34 .11

53 49
.55 .47

53. 49
.59 .46
,53 49.

1:47 .49
50
.58-

50
: -,..37 %;,,

46 46
.29 .52

44 - 44
.33 .16

49 48

.31 .49

47 46 :

;02- ;31

9 10

- 46. 44

.20 .20

28 28

.25 .26

28 28
.32 :37

45 43
.30 ;28

45 43

.41 .59

45 43

.43 .53

46 44

.48 .48

:46 44

.48 .45

'NSc. 44
;71

44
.42

'45: 43

.63. .59

43 .. 41

.23 .23

11 12 13-

49 48 : 49

.17 .32 ;20

28 28 29

.31 ..45 .50

28 28 29 .

.30 .33 .41.

46 47 49

.35 .22 .43

48 47 49

;35. ;32 ' .56

48 47 49

.29 .24 ..47

49 48 49

.44 .32 07 :..

'48. 4? 48 ']

.50 .45 .49::

45 44 45'

;60 .67 .58 -.

'43 42- 44..-

;52 .67 467
47 .4 1V

.19 ..39,
46- :47:::::

.19. ;62-:1--
11 . 49 29 29 49 49 49 49 48: 45 44 48.

r .08 19 .31. .26: .34 .44 ;37 .33 .63 .41 .35

_
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Table 11I r 10 for13Probleas

tars
bl

11 _12

2 N
r
N
r

33
;48
33

.51
33

;55
X

4 N 54 n 33
k
1

.17
54

.46
32

.52
32 535 .

r .20 .30 ;45 .58
N 54 32 32 53 54

6 r ;25 .36 ;59 .30 ;35
N 54 32 32 53 53 53
t .22 .29 .25 .28 .23 .33
N 50 30 30 49 49 49 50

8 r -=.07 =.02 -.12 .46 .61 .23 ;20
N 46 28 28 45 45 45 46 46
r -;OI -.27 .18 ;04 .22 ;45 .19 .0

10 N
r

44
.20

28-
.135

28
.30

43
.08

43
.40

. 43
.26

44
.35

44
.13

44
.42

N 49 28 28 48 48 48 49 48 45 43
LI r .30 .46 .27 .46 .47 .04 .42 .19 .18 ;41

43 28 28 47 47 47 48 4? 44 42 47
r .11 ;13 ;31 -.01 ;13 ;20 ;04 -.00 .42 .65 .0
N 49 29 29 49 49 49 49 48 45 E4 48 47

13 r ;LI .16 .33. .26 .32 .23 .18 .14 .41 .47 .18 .51

ences.in.the:speed of'_SPatial infoTmation proceiting, which in this
ease represents the efficiency-with which a sequence of moves can be =

traced out visually-and maintained in memory. Such differences may or
may not Show up in_the performance measures since students mar- compen-
sate for sIower_information processing speeds with More care and slower
response latencies. .

liatena trends. Figure 2 shows plots of response Iatencies_in _

seconai7TverticaI axis) versus the numbered moves (horizontal axis) for
.sampled prolilems for two'students who performed very well on the test.
as a whole and for two students who performed poorlyitased on MRAT2.

each graph an *:indicates where the -plot would have ended had the
. . _

problem been solved in-the optimal number of moves. Graphs which con-
tinue beyond the 27th_mOve at the right end of the horizontal axis were
not solved by the student. '

The.graPhs shown here suggest that goodproblem solversStudents
A and 2) had larger. initiaI.study times for Move

Aove

1. Although this
seemed to be the'case for some of the good problem solvers. typical

.

initial study timesTor other good,problem solvers indicated that this
-was not a consistent_ trend. Most of the latency graphs:examined did
seem to be characterized, as fellows:

is Generally. initiallatencieswere longer than the latencies
tor tuliequent-moves.
"Spikes in the graphs frequently occurred every several
moves, indicating that the student was restudying the problem
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Figure 2

Latency Trends for _Two Good Test Performers .and Two Poor Test Performers

Based on Judges' Performance Ratings (MUTE)

Student A: Good Performance

11604 1101

1 34 1114100 13 ON 1341141 N u 11 si.a 131113 11

Student II: Good Performance

Student C: Poor Performance

Student D: Poor Performance



and/or evaluating his or her progress. Although not analyzed
systematically, some student's graphs (e.g., Student A in
Figure 2) seem to be characterized by higher spikes than
_others.
For problems that were solved, latencies typically iropoed to
2 to 4 seconds for the last 3 to 6 moves, indicating that the
solution path had been discovered. This finding may be con-
sTS-tent 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 cognitive.
resources are being allocated simultaneously (Kintsch, 1977,
p. 199).
Poorly solved problems often showed a_conspicuous absence of
spikes or restudy points. In Figure 2 Problems 10 and 12 for
Student C and Problem 8 for Student D exemplified this'point.
On the other hand,-there were problems solved-poorIy which did
contain spikes or restudy-points (e.g., Problem 13 for Student
C), indicating that the student was trying to get back on the
right track.

-.0verallosome trends were suggestive, but they were by no means
universal. AlthOugh_perhaps providing_ clues to_the workstyles_of some
students (e.g.: impulsive responding with few, if_anyi study points):
the latency_ trends appeared_to_be too idiosynuratic to be very useful
from a psychometric point ot view.

Itelationshim between. Performance and Relponse.katelcies
.

The correlations between the number.. of moves students used and .the
initial and. average move latencies for.each problem indicated no rela-
tionship between these latency measures and performance with a single
problem:- Similarlyi.when -initial and mean latencies for each problem
were correlated' with total :scores (Total 2) and MUTE:: no .significant '

correlationt were found (see Appendix Tables F-5'and-F=6).

Not surprisingly,' problems that were not solved well took longer
than-problems solved well, as indicated by the first row of Table 12,
which shows the correlation of total time spent 4n each problem with
the number of moves needed (and, hence; the individual problem. scores
SCote 1 and Score 2) This relationship held for all `problems except
Problems 1, 3,. and 12; comparison with the difficulty index in Table 2

.
?Able 12

.
PrOtbidt=iloOdni correlations Between Total TimeSpent on Problem

: and Performance Neasuresi_byProblesa

Performance _Problem_
iffiutsuro. 1 2 3 4 5 6 7 8 9 10 '11 12 13

Individual
Problem
Score 05 61** 09 73** 62**

Total 2 -12 24 -09 35** 34**
NUTS 12 -28 03 .=31. 33**

42**
09

=14,.

75**
41**
=37**

67**
35**
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shows that .the_relationship.was strongest for problems of middle diffi
culty levels (Problems 4, 5, 7, 8, and 11). When total problem time
for each problem was correlated with students' total test performance,
as indexed by Total 2 and MRATE, these same problems related most high.
ly.

TheseAata indicate that with the exception of the total latency,
or time, spent on a problem, the response latencies did not show any
consistent meaningful relationship to performance.

Motivational and Biographical Bata .

Table 13 shows the frequency and percentage of students endorsing
various response alternatives to questions About.prior experience* per
ceived difficulty, motivation level* and self evaluation.. Regarding
prior experience with thit problem type, Question 1 indicates -that 40%
af the students had never 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 solve these problems and enter
their moves -in a sequence of computerized instructions has'certain,dif
ficuIties. but -the responses_to 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 problems were
rather easy (Question 3)-, were not atall or onay slightly nervous.
(Question 6), and either enjoyed, working on the problems or were
neutral.about:it_(Question 8). Resppntes to-Question 4 suggest that
the'instruOianal,sequence and expeiiiental conditions did not succeed
in motivatineMast students to try hard to-solve_all ofthe puzzles in
as few moves as possible. Thit less :than optimal motivation under
conditions where the test has no particular importance to the student
is probably mare of a problem for tests.of this type than for.more
traditional psychometric measures, since each item or problem requires
more 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.
However, to examine this-question with the data availa-ble* the mean
total-score (Tota1.2) and MRATE of.students responding to Question 4
With a (meanTotal 2-= .96, mean MRATE =-5.59), b (mean Total .2 =
1.02, mean MRATE =_4.93), and .c _(mean Total 2 = 1.03r -mean MRATE =
4.99) were compared and no -significant-differences found.

Question 5 1.7ficates that about half of the students thought the
length of the test affected their motivation; Finally*-56% of the stu
dents thought they did fairly well. on the test, 30% thought they did
not.do very well, and. 10% had noA.dea how well they had_ done (Question
7); For future research with this type of test,-it would be of inter
est to have the computer _ask soie of these. questions during.actual.
testing so that students' motivation, anxiety, difficulty perception,
thd 'confidence could be related to the simultaneous qualityof their
solutions.

`.It is Important to know to what_e'xtent a iest_measures prior ex
perience with the assigned tasks.- Differences in teat performance due
to prior experience maybe desirable. or undesirable depending on the
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Table 13
Distributions of HespOnses to Puzzle Reaction Questions (N50)

Question N I

1. Before today, how often have you worked on this kind of puzzle?
a. never. 20 40

b. a few times 29 58

c. many times 1 2

2. How much difficulty did you have understanding the instructions before
starting the puzzles?

a. no difficulty 39 78

b. a little difficulty 10 20

c. much difficulty 1 2
/

= 3. Which of the following bestdestribes how difficult you thought the
puzzles:wire! , _

a; All of the puzzles were easy 3 6

b. A few puzzles were difficult, the restmere rather easy 27 54

but half the puzzles were easy and half were difficult 15 30

d. A few.puzzIes were easy. the rest. were rather difficult 5 10

e. AIL of the puzzles were difficult 0 0

4. Which of the following best describes your attitude towards completing
the puzzles ?-:__

a. 'I tried hard to solve all puzzles in as.few moves as possible 18 36.7

b. I tried hard to solve most but not all of the puzzles is as
fewmoves as possible

e. I tried to solve the puzzles, bUt was not very concerned about
using asIew moves as possible

19

12

38.8

24.5

'd. I didn't care whether I solved the puzzles or not 0 0

5. Did the length of-the test affect your motivation?
a. not at all 19 38

b. somewhat
C. quite A bit

2
5vb

52
10

6. Were you nervous or uncomfortable while working on the puzzles?
a. not at all 33 66

b. somewhat 17 34

c. very much so 0 0

7. Hotr well do you think you did on the puzzles?.
a. very well 2 4

b. ,feirly well . 28 56

c. not very well 15 30

d. I don't really know 5 10

8. How did you feel about working on the puzzles?
a. I disliked it a lot 3 6

-lb. I disliked it somewhat 4 8

c. r felt neutral about it 11 22

d. I enjoyed it somewhat 26 52

e. I enjoyed it a lot 6 12



test application. In this study, a general measure of spatial reason-
ing ability was sought so that performance scores would not be signifi=
cantly-determined by prior experience with any specific spatial task.
A comparison of the mean Total 2 score (.96) and performance ratings
(5,.55) for the 20 students who reported no prior experience with this
problem type and of the mean Total 2 score (1.04) and performance rat-
ings (4.73) for the 30 students who reported having worked such prob-
lems a few or many times (see Question 1) showed no significant perfor-
mance'differences based on stated prior experience. EimilarIy, 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.

Perceived Difficulty Ratings

Dimensions of Perceived Difficultv

Table 14 shows the proportion of students reporting voluntary use
of_various.rating dimensions in taeir_protocols while sorting the stim-
uli and the proportion of students selecting each dimension from
pared list of dimensions prOvided by the experimenter after the sorting
was completed '(see Appendix D for the rating booklet). The last column
in Table 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 it the free response
voluntary protocol situation thanwhen_the prepared list was -used.
This would be expected; since some_students might not haiie thought to.-:
report a dimension they might recall using When prompted later. -How =
ever; the large discrepancy:between these two.coiumns for Dimensions h
(number of columns not matching) -and (number of rows -not matching)
would suggest that these two dimensions were not very salient; despite
the high proportion of students endorsing these dimensions post hoc.
The number of students endorsing_the_supposedly irrelevant Dimensions j
and 1 under .the prepared Iist cohditions; compared_to the near absence
of these dimensions in.the volunt2ered protocols; further suggests that
samething_like *social desirability responding was occuring in the pre-
pared list condition.

An examination of the percentage- distribution data in the last
column Itdicates these less relevant dimensions Were most often report=
ed.as being used in Some or None of the problems. It seems likely that
if students endorsed prepared dimensions that had not actually been ,

used or that-were- not the most salient; they would endorse the Some
category. rather that_the All or Most categories; On -the other_hand;_
tiae dimensions_reptitted as.-being used most often in the_voluntary pro-:
tocoIs were; With the exception of_Dimension_c_;_endOrSed most heavily
in the All or Most categories in the'prepared li_St_ ThuS; the_data
from the voluntary protocols; in conjunction with the All and Most cat-
egories in the frequency ra-tings; Would seem to be the best indicators
of -the most-salient rating dimensions that students thought they were
using.

From Table-14 it is clear that the.most_salient rating dimensibt
was Dimension a; the number, of moves required to solve the puzzle
(i.e.; the solution path length),. Ninety-three percent of the students
voluntarily reported this dimension in some fore in, their protocols;



Table 14
Dimensions Used in-Ratiaw Pereekired-D

percentage of Students
Reporting Using. the

Dimension on at Least Some
of

Percentage of Time
Students Reported Using
the Dimension in Rating

the. Problems

DiMention.
Voluntary
Ptotodols

Prepared
List-- All Most Some None

a; The number or
explication of moves

b. Whether can "see"
solutima

c. Number of squares
not matching

d. Amount of time to
solve

e. Types of moves
required

f. Host far apart certain
numbers were

g. Haw much thought
required

h. The number of columns
not matching

Number of rows
not matching

93

68

58

50

50

43

32

18

.. 7

98

100

91

93

72

81

63

39

35

58

53

14

19

21

16

35

28

30

26

AMID

30

23

26

19

2

28

14

35

14

42

MED

30

35

28

35

2

9

7

.11=1,

14

.28

19

37

60

j. Location of empty
space in left pattern

k. Similarity to already
. solved puzzle

1. Whether one patter=
was in numeric order
from 1 to. 15

Note. HiSsing_eatries are for dimensions not included in the prepared list but
reported by some students in their voluntary protocols.

and virtually all students (98%) s'elected_the dimension in the prepared.
list condition. The.0ther_most salient dimensions were Dimension b4
Whether-the student could. 7see the solution or not Dimension_ci the
number of squares not matching in the two patterns; Dimension d, the
time the student -felt it would take to solve the puzzle; Dimension ei
the type or- nature of_ required; and .Dimension fi how far apart

-tier t atn-nunrbers7were-in---th'e---1 -Therelative -rank ordering
or salience_ of these- dimensions vault be difficult to Justify, since
they are not independents and .a student reporting the number-of squares
not thatching in his or her protocol_could_have been taking the distance
between. squares into accbuat as well* without explicitly reporting this
.dimensioni

A.further auestion can -be: raised as to 'whether some of_these-re-
ported dimensions are really -rating dimensions underlying - difficulty.
judgments. or are actually-Synonymous with-difficulty itself; This
would seem_to be the case with Dimensions b and- 1.1n,TabIe 14. If.stu-
lents-had been asked to rate- whethar.they could readilysee the solu-



tlon or 7hOw much time it would take to solve -the puzzle*" the rating
task might be equivalent to rating the difficultyVana such physical
problem .characteristics of each puzzle .as path length and the distance
between various numbers would probably underly these judgments as well.
It would Seet, then; that the dimensions most important for students in
etralhatitg-the difficulty of these problems were the solution path.
Ithgth, the number of squares not matching in the two patterns* and the
dIttance dimension of how far apart_certain squares were-in the two
patterns. Since no dimension -was used for all problems, it -seems
likely that the relative importance of each dimension varied somewhat
for each probIemi:depending on the particular pattern configurations to
be compared.

Indi/ridual Differences in Mean Perceived DifficulIi

Table 15 summarizes the mean difficulty ratings for each of the
four 157puzzlemroblem sets separately. These 'data show that there
.were- substantial individual differences in the level and variation of
difficulty perceptions. even for the same problems. For example. for
Stimulus Set I. although the average student thought the problems were
Easy or Somewhat Easy. one student thought the average_problem_in the
set was Very Easy and another thought the average problem was Somewhat
Difficult._ Individual differences in_perceiveddiffiChIty of prob-
lemswithin stimulus 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 categories, and one.studentrated all

. stimuli with the two easiest categories. Without data for the same
students on an independent rating task irrelevant to the difficulties
rated_hetec.. it is not possible to determine to what extent these
vidual differences refIect:response biases.in_the.aseof category
rating- scales; but it seems reasonable to assume that the diffetences

'found do indicate some true perceptual differences in perceived diffi=
culty. Presumablyj these differences reflect' individual differendet-ih
the ability to visualize and to - maintain a SetEuence. of moves in short-
term _memory.

Individual
Table 15

WV,

Stimulus
Sit

2

3

Ltwest
Individual Hean-Ratings,

Medh Highest
1.12 Very Easy
1.94 Easy
1.69 Easy

4 1.76 Easy

2.57 Easy/Somewhat Easy - 3.77- Somewhat Difficult
3.13-Somewhat Easy. 3.82-Somewhat Difficult
2.63 Somewhat Easy - 3.44 Somewhat Easy/

Somewhat Difficult
2_Atfu_Sosiewhat_Easy 4.12_Somewhat-Difficult

Perbtived Difficult2 and Number of Moves

That the obtained individual differences in- perception seem to be
reliable_is_suggested_by the data in Figure 3,- which shows the per-
ceived difficulty ratings of_lour students within Problems 9 and 10 as
the distance in moves from the, start puzzle configuration approached
the_goal puzzle configuration. These graphs were obtained by having
-students rate the difficulty of reaching the goal. not only:from the
Start configuration* but from various intermediary configurations be
tween the start and goal configuration. Thus* for example,.in Figure
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3a it might be_presUmed that if Student 9 were actually attempting to
solve Problem 9, the puzzle would look Somewhat Difficult to him or her

wasuntil he or she as about Tmoves away from goal; then difficulty
would drop off rapidly until he or she was 4 or. 5 moves from the goal,
when the puzzle would appear to be Very- Easy.

Note that across both the problems shown in Figure 3 the,four
students shaw marked consistency in how they perceivedta difficulty
of different puzzle distances. For example, StudentA,perceived both
problems as easier than the mean student at all distance_ s from the
goal. 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 shown in Figure 31/this ,
tendency for reliable individual differences in difficulty perceptions
was present in nearly all combinations of studeT,And problems exam
ined. These data suggest that if the difference in difficulty percarp=
tions relate to pertormance, then reliable individual performanpe dif7
ferences in solving these problems should be obtainable_ -

Relationsha of DiffioulIz Perception and Path Length

Since path_length seemed to be a dominant_dimensiOn in thef,student
mrotocolt, diffidUlty,perception scale values were correlated. and'plot=

Figure 4
Bivariate Distribution of Perceiiidd Diffidtlty

Mean Scale Values and Path .length for 67 Puzzle
=
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ted. against path length for- all 67 ruzzles; Figure 4 shows the scat
terplot relating solution path length of each puzzle to its mean scale
value; Although.the correlation between the two variables was .88, the
relationship between the two variables was not strictly - linear at the
right, or_hight end of the_plot; Although end effects must always be
considered_in category rating scales, the tact' that students could. have
assigned higher ratings at the high end of the curve would suggest that
the flattening of the curve for long Tath lengths represents areal_
effect. Students` apparently could not discriminate differential path
lengthsAgreater tan about 16. Perhaps a secondary rating dimension,
such as the distance between numbers in the rattern or the number of
squares not matching in the two patterns, is important in differenti
ating problems with longer path lengths;

_ /figure 4_also provides estimates of how difficult puzzles with
different path lengths will appear to the average student when begin
ning work on a problem. A puzzle_perceived.to be Very Easy would cor_
respond to a value on the_vertical axis_in_Figure 4between 45_and 1.5;
Easy puzzles would -range from 1.5 to 2.5; Somewhat Easy, from 2.5_to
3.5; Somewhat Difficult4 from 3.5 to 4.5; Difficult, from 4.5-t0:5.5;

17igure 5

Bivariate.Distribution of Standard Deviations_of
Perceived-Difficulty Ratings and Path Length for -67 Purtles

Path Lensth aiVaistas Ifular of Zervaa to So lution)-



and Very Difficult, from 5.5 to 6.5. Solution path lengths correspond
ing to the difficulty categories overlapped somewhat with Very Easy
ratings corresponding to puzzles requiring 1 to-7 moves each, Easy for
puzzles of_4 to 10 moves, Somewhat Easy for puzzles ranging from 6 to
16 waves, Somewhat Difficult for puzzles requiring 8 to 18 moves, and
Difficult far puzzles with from 16 to 26 moves. None of the puzzles .

used here, which ranged from 1 to 26 moves, were rated Very tifficult
by the average student.

_ Figure 5 shows a_plot_of solutionpath lengths versus_the standard
deviations of the students' category ratings. These data demonstrate
that although students tended to agree more in their difficulty peicep
Lions for stimuli with short or very long salution.paths, -there was
substantial disagreement in perceived difficulty for puzzles with path
lengths in the middle range, with a peak disagreement for'solution
paths of about 10 moves.

DISCUSSION AND CONCLUSIONS

Problem Characteristics
. .

The data suggested that four performance indices might be useful
in indexing problem difficulty: (1) the mean number of moves in the
samplei (2) the proportion ofrstudents solving a prdblem, (a)-the pro
portion of stAdents solving a problem in the optimal number of moves,
and (4) the Special Difficulty Index. These four indices showed sub
stantial agreement in rank ordering the difficulty of the-problems.

Because_it adjusts for differences in solution.path length_While.
AlSO taking into account the average number_of.moves required _by the
sample, the Special Difficulty Index not only appeared to be.the best
index of problem difficulty but also correlated lower with the solution
path length of each problem than the other-performance indices used to
estimate problem difficulty. This'is a desirable situation, since_
longer puzzles_ were. not afiaysthe_most difficult. Future research
with this problem type, should consider use.of some short, but less
direct or obvious i problems.

The number-of illegal and repeated moves were found to'be too low._
and _not consistent enough for in4ivi4uals'across problems to be useful
performance indices, at least for thit problem set' and sample.' -.

Examination of problem performance indices, the Special Diffl.tuIty
Index,_ andLstudents_"_31-ercepti-ons of the difficulty of the test-Prblets

.indicatedthat with hthe exception of Problems 5, 10-0-12;74:t4:13:;-7th-e
problems were too .easy' for 'most students. For example; except/or ,

these "four sprob1emsi.70% or_more of the students solved each- of-
.remaining problems in the minimum number of moves.- it seems likely'
that these highly skewed distributions of number-of moves completion

'precluded high correlations of individual performance indices across
problems, since small absolute differences in scores across problems..
would be accentuated. Thus, the consistency-across problems of-the
number of_moves to completion was generally poor, with indications_ of
only Stall to- moderate consistency -for clUsters_of_problemsof similar
difficulty. It is possible that if a more difficult set ofproblems.-
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that were more similar in difficulty levels were administered, better
measures of consistency of performance would be obtained. The itemto
tal score correlations obtained for each_ problem suggested that it
would be possible to obtain a more disc:.iminating subset of problems.
3ecause this was an exploratory study, however, no preselection of
problems was poSsible; -Since the data suggest that better consistency-
may be obtained wing problems of similar difficulty levels, an adap
tive test, which tailors problems to'the ability level of each student,
should increase the reliability of measurement.

SmorIng Methods

Four alternative method's 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 (Total 1,
Total 2)-between the optimal and maximum number allowed appeared to be
the bett, on intuitive grounds e.nd were also related somewhat more to
judges' performance 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 rank 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 it averages individual problem scores
(Score 2),1416 pattern or configuratfonof individual problem- perfor
mance is taken into consideration, since the individual problem scores
(Score 2) are adjusted for the difficulty of each problem, as reflected
in the mean performance of the sample on the problem. As a result,
students are penalized more for poor performance on easier problems,
relative to the group,'than they are on more difficult problems. -In
this way students who solve the same number of problems but have dif=
ferent patterns of performance-will obtain different Total 2 scores.

Future research with this problem type will require study of the
validity of the various performance scores against relevant external
criteria; Sinceno such reliable criteria were available in this
ttUdyo_the_meaningfulnessof the scores was tentatively determined by
comparing th2se objectivescores with judges' performance ratings of
test performance. Strong indications of concurrent validity were
-found; Those cases in which the objedlive score ordered students dif
ferently than the ratings indicated that whereat the objective score
(Total 2) penalize&vstudents more than jud,ges' ratings for poor perfor--
mance on easier problems, the judges_penalizedjstudents more for not
attempting some_problems(although this was -not always the student's
fault) and for doing poorly on more difficult problems. Although. it is
difficult to determine which measure is more valid without an external
criterion, the. high correlations between the objective scores and the
judges' ratings suggest some validity in both types of data;

Latencies

Mean initial and total latencies for each problem' were strongly
related to some of the performance indices of problem difficulty. That
is, the group 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 aproblem did not reiate'to problem difficulty.
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At the level of individual performance, only total latency or
problem solution time was related to problem performance. Some good
problem solvers were characterized by very long initI.11 latencies, but
this tendency was not universal. Many good problem solvers did not
intially stay the problem longer than did the average poor problem
solver. The average problem response latency measure did not relate to
individual student performances.

Plots of latency trends across problems were interesting from a
descriptive point of view in indicating that most students' trends
showed *longer initial latencies followed by a few= quicker moves, occa-
sional spikes indicating re-evaluation of progress; and finally several
very quick final moves indicating that the sequence of moves to solu-
tion had been detected. However, no universal trends in response la-
tencies seemed to characterize good problem solvers versus poor problem
solvers well enough to be useful in scoring or-predicting individual
performance. Latencies in this study seemed to confound differences in
the ability to visualize a sequence of moves and differences in stu-
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 who took longer initial study.
times, longer average times between moves,.and longer total work times
on one problem showed a consistent tendency to do so on other problems
as well.

Thus-4-whiie the response latency measures were predictive of prob-.
lem difficulty and indicated the existence of consistent styles of
problem-solving behavior, they did not appear to be useful in scoring
individual performance.

Motivational and Biaga2hical Correlates of Performance

Although the posttest reaction questionnaire indicated that only'
40% of the_students had never worked problems of this type before, mean
performance scores between these students and those who had previously
worked such problems were not significantly different.

Only 36.7% of the students reported trying hard to/solve all the
problems in the minimum number of moves. Slightly more students said
they tried hard to solve. most but act all, of the problems. Although
mean_performance differences between subgroups reporting different
levels of motivation were not significantly different, these data plus -

the fact that 52% of the students felt their motivation was affected by
the length of the test indicate that total testing times may nee to be
shorter for this type of task than for tests with more.conventicna
item formats.

No sex differences in performance were found on this test. That N\
males typically show -better spatial ability (Garai & Scheinfeld4 19E8;
MacCoby & Jacklin, 1974) and restructuring ability (MacCoby, 1966;
Sweeney, 1953; Terman & Tyler, 12954; Tyler, 1965) would seem tc_pr_edic-t--=
male superiority on this test. On the other handj_fem-ales liaiii gener7
ally been found to be less impulsive -C-c-byTf966; Terman & Tyler,
1954; Tyler, 1265] and_Lbet- n perceptual speAd and fluency(Garai &
Seheinfeld-,--196-ar.fhe failure to obtain sex ,....fferences with-this

-- -=hypeof task will only be of concern once more reliable measurement is
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achieved. At that time hypothesized correlates of these probiem
should be examined' to determine whether scores index spatial reasoning,
restructuring, impulsivity, or some other psychological variable.

Dimensions of Perceived Difficulty

The most salient dimensions of perceived difficulty were the
number of moves required to solve-the puzzle, the number of squares not
matching in te two patternsi_and the distance dimension, of how far
apart certain squares were in the two patterns. Since no dimension was
reported.as having been/used for all problems, it seems likely that the
relative importance of each dimension varied somewhat for each problem,
depending. on the particular pattern. configurations.

When the actual values of these dimensions were computed for the
problems used in the Computer-administered testAsee Appendix Table C),
a hypothesized rank ordering of problems by 'difficulty was obtained.
These three rank orders were quite similar (.51 < p < .79) but were not
as consistent as the rank orderings for difficulty obtained from per-
formance indices-such as mean number of moves, proportion of students
salving the problem, and the Special Difficulty Index (see Table 3).
Thus, although'these_physical dimensions mayA)e useful as a tentative
index of problem difficulty for use in initial problem selection prior
to data colleCtioni the performance measures should provide more pre-
cise indices of.difficulty once normative dati can be obtained.

The actual perceived difficulty ratings showed substantial indi-
vidual differences in the level and variability of difficulty.percep-
tions, even for the same set of problems; Although possible individual
biases in the uieof category rating scales cannot be discounted, the
Aata suggest that the individual differences found -were differences in
subjective difficulties relating to individual differences in ability
to visualize and to maintain a sequence of moves in short-term memory.
Examination of individual difficulty perceptions across problems indi-
cated that these differences were relfab-lam: These data suggest that if
the reliable differences in difficulty perceptions do in 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 perfo-rmance differences.

Comparison of the easy problems with the problems that challenged
students more in the computer-administered test suggested that too many
of the problems could,be solved in a reactive manner? that is, by re-
spending to the,immediate stimulus pattern without trying to visualize
or to plan several moves ahead. Such problems would not tap_differ .

ences in studentS' ability to visualite a_sequence betause
students would not find themselres-in-a--41ifficult situation by not
planning aheadi_____Ite-nror-eChallenging problems (e.g.:. Problems 10,
12.--aut-tarie-re those in which a student could get in trouble by not.
visualizing several moves in advance (see Appendix C). This implies
that future studies should include more problems that prevent reactive
solutions, require more planning ahead.

Comparison of the-mean perceived difficulty of the problems in-
cluded in the computer-admini.stered test indicated less agreement with
actual problem difficulty than might be expected from other studies.



This appeared to be due to the inability of students to differentiate
the relative difficulties of problems with longer solution paths.
Thus, to the extent that increased motivation under adaptive testing
depends on correct student- perceptions of problem difficulty (Prestwood
& Weiss, 1277), adaptive administration of this problem type may not
have a motivational advantage. On the other hand; reduced frustration'
would seem likely to result under adaptive conditions from not requir-
ing students to work on problems much more difficult than their ability
levels, even if they cannot accurately perceive the actual difficuly .

of the problem beforehand.

The perceived difficulty scale values related highly (r = .75) to
the mean initial response latency measure for the computer-administered
problems. This supports the idea that the students spend time before
their first move trying to visualize a sequence of moves, since path
length appeared to be a primary rating dimension in determining per-
ceived difficulty.

Con-clusi_ons.

The results from this pi -lot study suggest certain improvements in
problem selection and design. Future tests of this type should_consist
Of fewer but more difficult problems* particularly those_which do -not-
permit reactive* impulsive solutions. If individual differences in the
ability to:construct an optimal sequence of moves are to be tapped,
then more problems must be designed that force the student'to plan
ahead. More complex problems should overload the memories of_students
and should indUce differenceg in strategies in manipUlating the number
pattern-t.

If reliable performance indices can be obtained, the process of
validatibg the meaning of the scores will be necessary:. to scores re-
fleat:individual differences in spatial reasoning and problem-solving-
ability_ar in personality variables like perseverance and impulsivity?
It might also be of interest lo determine what information-proce'ssing
abilities underly performance on- these- problems. For- example, using .

Carroll's (1974) provisionaI'Coding scheme for cognitive tasks appear-
ing in psychometric tests, the following cognitive operations might be
expected to underly performance: (1) mental. rotation of spatial aonfig-
urations in visual_short -term_memory,Factors S- and Vz;:(2) performing-7-
serial operations in visual short-term memory* Facto rs-=S:and__Vz; and
(3) storage in and retrievaE_I-ram-sha-rt-term memory* /actor Mt.

The results reported here suggest that reasonable indices of prob-'
.lem_difficulty are obtainable given an appropriate norming sample; If
reliable and valid3iltty scores can be obtained in future studies
with thit item type, this type of test mould seem especially appropri7
ate for adaptive administration, since (1): scores on_problems_tailored7f
to the individuaI's ability are more apt to le more highly related
each other, resulting in total scores with higher reliability; (2)
adaptive administration will- likely improve the motivational aspects of
the testst_which seem more taxing and.potentially frustrating than con-
ventional item formats; and c3Yequally precise measurements for most

-------------------------- -obtainedi in -shorter periods of time than with-aavven-
.tional test administration* Thus, the data suggest that future devel-
opment of-adaptive problem-solVing tests of the type studied here might



result in new types of ability tests that should provide ability scores
to supplement' those avaklable from the paperandpencil administration
of typical ability-meastres;



REFERENCES

Betz, N. E., & Weiss, D. J. An .empirical study of computer-adminis-
tered two-stage ability iisfingTREsearch Report Minneapo-
lis: University of Minnesota, Department_of Psychology,-Psycho-
metric Methods Program, 0ctober 1973. (NTIS No. AD 768993)

Betz, N. E., & Weiss, D. J. Empirical an& simulation studies of flexi-
level ability testing (Research .Report_75-3T. Uni-
versity of Minnesota, Department of Psychology, Psychometric Me-
thods Program, July 1975. (NTIS No. AI A013185)

Betz, N. E., & Weiss, D. J. Effects of immediate knowledge of results
and adatitixe testing on abilitz test performance (Research Report
76-3T. Minneapolis: University of Minnesota, Department of Psy-
chology, Psychometric. Methods Program, June 1976. (NTIS No. AD
A027147) (a)

. _ _ _.._ _ _ _ _ _

Petz. N. Ea* & Weiss, D. J. Pszcholpgical'effects_of immediate knowl-
edge,of resulti andadaptive.abilitz testing (Research Report
76-4)7 Minneapolis: Univirsity of Minnesota.. Department of Psy-.
chology. Psychometric Methods Program. June 1976. (NTIS No. AD'
1027170) (b)

BratfitCh* Borg,-G., & Dornico_S. Perceived itemdiftig211z in
three tests of intellectual performance apesItz._:=_Stockholml_
ttiversity.a .Stookholm.:Institute of Applied Psychology.--1972
(29.

. ,

,Chiang, ih*_&. Atkinson, R. C. Individual differences and interrela-
tionships among a, select set'of cognitive skills. Mem-r orz and gstr7-

ninon, 197& 661 -672.

Chase* W*!-On-the process of comparing sentences against,
pictures. 'Cognitive. Pezghologz, 1972, '3, 472 -517.

Collins* A. M., & Quinlan* Retrieval time' from semantic memory.
Journal of Verbal learnin&and Verbal'Behavioro 19690.8*240-247*---

Cory, C. H. Relative utility of computerized versus paper-and-pencil
tests forcpredicting_job performance; died Pachologisel Mea-
surement, 1977, 1,_551,,564.

CoryiC. H., Rimiand, B., & Bryson. R. A. Using_ computerized tests to
measure new dimensions of abilities: An exploratory stu&y. Ap-
plied Pachplo4cal Measurement, 1977, 1. 10I-I10.

Garai._J. E., & Scheinfeld0 A. Sex differences in mental and behavior-
al traits. -Genetic Psychology Monographs' 19680 77, .169-299.-.:..,

Ghiseni, E. E. The validity of aptitude:tests in personnel election
Personnel Psychology; 26, 461=477.

Hayes*. J* R. Problem.typology._and the solutionprocess. Journal of
Verbal learning and Verbal Behavior* 1965, 4, 371-379;



Hunt, E., Lunneborg, C., & Lewis, J. What does it mean to be high ver-
bal? Cognitive Psychologx, 1975, 7, 194-227.

Johnson, D. I., & Mihal, W. M. Performance of Blacks and Whites in
computerized versus manual testing environments. American Psi-
cholog/Itt 1973, 288; 694 -699.

Johnson, E. S., &.Baker4 84 F. Some effects of computerizing an exner-.
. iment in human nfoblem solving (Research Report No. 105). Chapel
Hilly _University_of North Carolina, The,L.L.. Thurstone Psychomet-
ric Laboratory, 1972.

Kagan, J. Reflection--impulsivity and reading ability in primary grade
children. Child Welomment, 1965,Z6, 609=629.

Kagan; J., Rosman, B. L., Dayt D., Albert, J., & Phillips, W. Informa-
tion processing and the.child: Significance of analytic and re-
flective attitudes. Pszchological Monographs, 1964, 78 (Whole No.
59).

Kintsch, W. Memoa and sunition. New York: John Wiley & Sons, 1977.

Maccobyt E. E. Sex differences in intellectual functioning. In E. E.
Maccoby (Ed.), The development of sex differences. Stanfori, CA :-
Stanford University Press, 1966.

Mactoby, E. E.,*& Jacklin, C.N. , The psychologi of sex differences.
Stanford, CA: Stanford University Press, 1974. -

Munzt.D. & Jacobst P. B. An evaluation of perceived item difficul-
ty sequencing in academic testing; British Journal of Educational
Egr.qhologzt 1971, 44:4 195-205;

Nilssonc. J. J. ProbIemolving_methods in artificial intelligence.
New York: McGraw -Hill, 1971.

Nofman D. A. nmaa and attention. New York: John Wiley & Sons,
1976. .

Pine, S. M., Church, A. T., Gialluca, K. A., & Weiss, D. J. Effects of
cmuterized ad...42111g testing :on black and white studentiRe-
searchliepori 79-2). Minneapolis: University of. Minnesota, De=
partment of_Psychology, Psychometric Methods Program, March 1979.
(NTIS No. AD A067928)

Prestwood, J. S., & Weiss, D. J. Ace-II-racy of perceived pest item dif-
ficulties (Research Report 77-3) 7Minneapolis: University of
Minnesota, Department of Psychology, Psychometric Methods Program,
May 19 ? ?. (NTIS No AD A041084)

Rose, A. M. An information nracessing anproach to performance assess-
ment: Finalrenort. Washington, DC: American Institutes for
Research, F§78.

Sternberg,. S. The discovery of processing stages: _Extensions of Don-
der 's method. Acts Psvzhologica, 1969, 30, 276-315.

60



=52 =

Sweeney, E. J. Sex differences in problem-solving (Technical Report
1). Stanford, CA: Stanford University, Department of Psychology,
December 1953.

Terman, L. M., & Tyler, L. E. Psychological sex differences. In L.
CarmichaeI.(Ed.), Manual of child psychology (2nd ed.). New
York: John Wiley & Sons, 1954.

Tinsley, H. E. A., & Weiss, L. J. Interrater reliability and agreement
of subjective judgment. Jotirnal of Counseling Psychology, 1975,
22, 358- 376.

Tyler, L. E. The psynhology_of human differences. New York: Apple-
ton-CenturyCrofts, 1965.

Vale, C. D. Strategies of branching through an item pool. In D. J.
Weiss (Ed.), Computerized adaptive trait measurement: Problems
and prospects (Research Report 75-5)._ Minneapolis: University of
Fiiinesota, Department of Psychology. Psychometric Methods Program.
November 1975. (NTIS No. AD A018675) .

Vale, C. D., & Weiss, D. J. A simulation study of stradative ability
testing Uzlesearch Report 75:E7:' MiEneapolis: University of Min-
nesota, Department_of Psychology,_Psychometric Methods Program,
December 1975. (NTIS No. AD A020961)

Weiss, D. J.. & Betz. N. E. Abilitv measurement: Conventional or
ataotive7 (Research Report 73-1). Minneapolis: University of
Minnesota, Department of Psychology, Psychometric Methods Program,
February 1973. (NT-IS No. AD 757788)

Wertheimer, M. Productive thinking. New York: Harper & Row. 1959.
(Originally published. 1945).



APPENDICE

2sEnestis_Errar Messages Provided by Testing System

Illegal Moves:

18- 'IS_NOT_A_NUMBER_IN:THE_PiTTERN. REMEMBER: TO PUSH THE "SPACE"
BAR_FIRST IF THE:NUMBER TO BE ENTERED CONTAINS ONLY ONE
DIGIT.

10P IS NOT A CORRECT MOVE. 112 LAST. CHARACTER TYPED MUST BE AN
Li 2i Hi OR D.

10 CAN NOT BE MOVED LEFT (EIGHT; DOWN) FROM ITS PRESENT
POSITION.

Maximum Move Limit Reached.:

YOU EAU REACHED THE 'MAXIMUM NUMRER OF MOVES ALLOWED FOR THIS
PROBLEM. PLEASE CONTACT THE PROCTOR.

Computer Data File.Error:

THE COMPUTER IS HAVING PROBLEMS. PLEASE NOTIFY-THE PROCTOR.
(ERROR. 06 HAS OCCURRED. _IERR IS 5).

Maximum Time LimitReached:

-IT,MIGHT BE A GOOD IDEA TO GO ON TO THE NEXT PROBLEM. PLEASE
CONTACT THE PROCTOR.



Appendix B: Instruction-Scree=

Screen 1

HELLO -AND TEANK YOU_FOR YOUR PARTICIPATION IN-THIS_STUDY
TES COMPUTER WILL SOON PRESENT YOU WITH A SERIES OF PUZZLES TO_WORK ON,
BUT FIRST_SOME INSTRUCTIONS WILL BE GIVEN TO BE SURE YOU_UNDERSTAND
HOW TO_USE_THZ TYPEWRITER KEYBOARD TO ENTER TOUR RESPONSES.
FOLLOWING THE INSTRUCTIONS YOU WILL BE GIVEN A PRACTICE PROBLEM TO
CLEAR UP ANY PROBLEMS TOU_ARE_RAVING_. IN ADDITION, IF YOU HAVE
QUESTIONS AT.ANT TIME ABOUT -THE INSTRUCTIONS-OR ANYTHING ELSE PLEASE
FEEL FREE TO CONTACT THE TEST PROCTOR.

-YOU MIST - REMEMBER TWO THINGS IN OADKR TO. TALK_TO TEE COMPUTER:
1. ONLY TYPE SOMETHING WHEN A V5SUGE ON THE SCREEN

IN_PRONT OF YOU TELLS YOU TES DO SO AND A QUESTION
MARE 1?) APPEARS.

2. EACH TIME IOU TYPE A. RESPONSE ON TEE KEYBOARD
THE COMPUTER pass NOT RECEIVE IT UNTIL YOU PRESS

THE gIRETURN"
NOW'THE FIRST THING YOU MUST_DO IS FIND THE "RETURN"
KEY. THIS KEY IS =THE LARGE RECTANGULAR KEY ON_THE -

BIGHT END OF THE KEYBOARD. PRESS THE- "SPACE" BAR AT THE BOTTOM OF THE
KEYBOARD AND TUX- "RETURN" KET TO CONTINUE THE INSTRUCTIONS.

1 2 3 4
5 O 7
9 LO .11
12 ,13 14_15

Screen 2

1 2 . 3
5 .4
9 10 11 8
121314-I5-.

_IN EACH. OF THE PUZZLES-OF-THE TYPE' SHOWN YOUR TAM IS TO
TYPE IN A SEQUENCE -OF "MOVES"_TO CHANGE THE PATTERN OF NUMBERS_
CN LEFT UNTIL ITAITCH2S_THE_PATTERN ON IHE-RIGHT-A "MOVE"
CONSISTS OF 3uTYPED CHARACTERS FOLLOWED BT T3E "RETURN" KW. THE
FIRST-2.CHARACTERS-TELL THE COMPUTER WEICU7NUMBER" IN THE
PATTERN ON THE LEFT YOU.WANT TO MOVE._THE_THIRD CHARACTER.
(VHIOITOU'WILL'BE TOLD ABOUT SHORTLY) TELLS THE COMPUTER WHAT
DIRECTION YOU WANT TO MOVE THE NUMBER.

IFTHE_NUMBER_TOU_WISH TO MOVE HAS 2 DIGITS IOU SHOULD TYPE_
THr2A)IGITS_ON=THE KEYBOARD. IF THE NUMBER YOU-WISE TO MOVE
HAS..:0NIDIGITTOU SHOULD :TYPE THE SPACE BAR ONCE AND THEN- THE
USIRLD,IIGIT.:THUS,:THE TWO DIGIT_ NUMBERS. 10 TO 15- CAN BE TYPED
IN DIRECTLY, WHILE THE ''SPACE' BAR MUST BE TYPED FIRST WITH
THE,_ NUMBERS 1 TO -9.
PRESS THE "SPACE" BAR AND "RETURN" TO CONTINUE.



Sareen__3,

1 2 3 4 1 2 _ 3;
5 8 7 8 5.674
9 10 11 9 10.11 8

12 13 14 15 12 13 14 15

AS MENTIONED ABOVE THE THIRD CHARACTER IN YOUR "MOTE" TELLS THE
COMPUTER WELT DIRECTION TO MOVE THE NUMBER IN THE LEFT PATTERN.

. NUMBERS ..CAN "ONLY BE ..MOVED INTO THE SPACE IN THE SQUARE PATTERN
WHICH IS NOTOCCUPIED; BY A NUMBER . YOU TELL THE COMPUTER WHICH
rtazarow -TO -MOTE' THE NUMBER BY- TYPING" ONE OF THE FOLLOWING 4 LETTERS:

L = IF YOU WANT TO MOVE A NIrMSEE TO THE LEFT ONE SPACE
K . IF YOU -.WANT TO MOVE A , NUMBER TO. ME -RIGHT: ONE SPACE
U = IF YOU WANT TO MOVZ A WISER- UP_ONE_SPACE_
D IF YOU! WANT TO. MOVE. A NUMBER DOWN ONE SPACE

THUS:.. EN THE PATTERN SELOWN HERR THE FOLLOWING 4 MOVES ARE
.'POSSIBLE :.. 101, ILL: 1411. OR <SPACE BAR>7.M. ANY OTHER MOVE

WOULD BE ILLEGAL AND RESULT. IN A= REMINDER MESSAGE BEING
PRINTED-BY THE COMPUTER. FOR CLAMPLEi YOU COULD NOT TRY TO MOVE
THE "117 SQUARE TO THE RIGHT ONE SPACE. SINCE ALL MOVES MUST
STAT_WITHIN_TIEESQVARE PATT1RN. ;

PRESS THE "SPACE AND "RETURN" TO CONTINUE INSTRUCTIONS.

Screen 4

d_ TOIL ELVE_mAri- A LIM. MOTE TIE_ 'COMPUTER WILL *AUTOMAT I PALLY
AND Val. _QUICICLT UPDATEt THE_PATTERN_ ON_ THE LEFT._ WHERE
YOU_ AM -mirarpta., YOUR -: MOVES 4 TOUR MOVE- IS_ NOT_ LEGAL- A
MESSAGE _.WILL BE PRINTED Men YOUR -MOVE AND YOU SHOULD TRY
AGAIN WHEN TEE COMPUTER TELLS. YOU TO -DO SO.
IF YOU- ARE HAVING DIFFICULTY UNDERSTANDING : THE- INSTRUCTIONS
SO 'Fla PLEASE. CALL--THE PROCTOR. -OTHERWISE PRESS THE "SPACE"
BAR AND 'RETURN" TO CONTINUE' Tfi INSTRUCTIONS

Screen-5

SUPPOSE YOU MAE! A MISTAKE TYPING SOMETHING INTO THE
COMPUTER. YOU CAN CORRECT A MISTYPED "CHARACTER AT ANY
TIME BEFORE YOU =PRESS THE RETURN" KEY. BY PRESSING TEE
"BACKSPACE" KEY. WHICH. IS LOCATED IN TEE TOP 'RIGHT CORNER
OF THE KEYBOARD TOU WILL -"ERASE" THE LAST :CHARACTER YOU
TY1124,T07ERASe__THEiLIST_TWO_CHARACTERS, YOU TYPED PRESS

-THE _BACKSPACE"_XEI_TWICE_AND_SO_ON.
AFTER:PRESSING'"BACKSPACE" THE CORRECT CHARACTER CAN THEN
BE TYPED IN. REMEMBER TO PRESS -THE "RETURN" KEY TO SEND.
THE CORRECTED CHARACTERS TO THE COMPUTER.

TO SEE HOW THE "BACKSPACE" VORIS TRY TYPING THE MOVE '14D
CN THE ISIBOARD. THIN CHANGE 'THE 'D TO A 'U' BY PUSHING THE
"BACISPACE" KEY CNC! AND THEN THE CORRECT LETTER
FINALLY_. PRESS THE. -"RETURN"- KEY .TO SEND YOUR CORRECTED MOVE TO
THE COMPUTER.



SCreen. 6

YOU ARE NOW ALMOST BEADY TO -BEGIN WORKING. FIRST, HOWEVER,. WE NEED
SOME INFORMATION ABOUT YOU.
THEAESULTS:dE_THE_PROBLEMS_TOU_WIII_VORK-ION_WILL BE
STRICTLY CONFIDENTIAL, WE ARE - INTERESTED -IN YOU -AS PART
CF A.LARGER GROUP; AND AT NO TIME WILL TOUR SCORES BE
CONNECTED MITE TOUR.NAME,
BUT WE NEED IDENTIFICATION-SO TEAT WE CAN'KEEP_YOUR ANSWERS
SEPARATE FROM OTHER-PEOPLE'S AND SO TEAT WE CAM COMPARE THE
RESULTS OF THESE .SCORES. WITH H-AN1 OTHER DATA ,CONTRIBUTED BY
YOU AT AN EARLIER OR LATER TIME,
PLEASE TYPE YOUR-MST NAME (JUST TOUR FIRST NAME THIS TIME);
AND THEN "REIVRN".
2.

Screen 7

PLEASE TYPE YOUR MIDDLE INITIAL (ONE LETTIR_ONLY),
IF YOU DO NOT HATE -A MIDDLE NAME; TYPE A "2".

. DON'T FORGET TO PRESS "RETURN",

Scre.en B

PLEASE TYPE YOUR LAST NAME AND PRESS "RETURN".
F

Screen 9,

PLEASE TYPILIOUR SIX OR SETEN DIGIT STUDENT IDENTIFICATION. NUMBER
AND "RETURN ":
IF YOU-DO NOT REMEMBER-TOUR IDENTIFICATION NUMBER AND DO NOT
HAVE IT WITH YOU :CALL.THE PROCTOR FOR A SUBSTITUTE IDENTIFICATION
NUMBER,

361
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Screen 10

NOW WE WOULD LIRE TO KNOW A FEW THINGS ABOUT YOU. IF
THE QUESTION DOES NOT APPLY TO YOU OR YOU DON'T WANT TO
RESPOND, TYPE IN A QUESTION MARK_AND_"RETURN".
PLEASE TYPE YOUR AGE AND PRESS-"RETURN".
2.

Screen-11_

WHICH SEX ARE IOU?
I. FEMALE
2, MALE

-TYPE- THE CORRECT. Num!' AND. PRESS "RETURN",
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screell_12

ABASE TYPE THE NUMBER CORRESPONDING TO TOUR TEAR IN SCHOOL:
1. FRESHMAN
2. SOPHOMORE
3. JUNIOR
4. SENIOR-
'5. GRADUATE STUDENT .

6. OTC

DON'T .FORGET TO PRESS "UT
or

13

LISTED BELOW ARE SEVER U OF THE COLLEGES WITHIN THE UNIVERSITY.
1. comas 0/ LIBERAI_ARTS (CLA)
2. COLLEGE 07 AGRICULTURE
3. COLLEGE 07 BIOLOGICAL. SCIENCES
4..COLLEGI 07 BUSINESS ADMINISTRATION
5. COLLEGE 01 EDUCATION
6. GENERAL COLLEGE.
7.. COLLEGE 07 HOME ECONOMICS
8. INSTITUTE -OF TECHNOLOGY
9. SCHOOL OF FORESTRY
10. UNIVERSITY COLLEGE
11. COLLEGE OF VETERINARY- MEDICINE
12. GRADUATE SCHOOL
13. LAW_SCHOOL
14. OTHER

PRESS TH2 NUMBER OP THE SCHOOL IN. WHICH YOU ARE ENROLLED AND
THE "RETURN" rry.

Screen 14

WHAT IS VATT15 UAPTie,&warm. xasvm*.

1. AFROAMIRICAN_(BLACI)
2. MEXICANAMERICAN
3. PUERTO- RICAN.
4. OTHEI1LATIN. AMERICAN
5. ORIENTAL OR ASIANAMERICAN
6. NATIVE-AMERICAN (INDIAN)
7. WHITE
8. arm

TYPE THE NUMBER THAT GIVES TOUR RACE, AND PRESS "RETURN".
7

$6



Screen 15

IN WHICH_CATEGORY IS TOUR CUMULATIVE GRADE=POINT AVERAGE (GPA)?
1) 3.76 TO 4.00
2) 3.51 TO 3.75
3) 3.26 -:TO 3.50
4) 3.01 T0.3.25
5) 2.76 TO 3.00
6) 2.51 TO 2.75
7) 2.26 TO 2.50
8) 2.01 TO 2.25
9J 2.00 OR LESS .

TYPE THE:CATEGORY NUMBER ( "1- THROUGH "9" AND PRESS "RETURN".

Screen _l_6

TOU-ARE.NOW_REIZT_TOItf b PRACTICE" PROBLEM.
IN THE PRACTICE PROBLEM_AND =ACTUAL PROBLEMS TO FOLLOW
AN IMPORTANT--GOAL IN. TRYING_TO MARE -THE PATTERN ON THE LEFT
MATCH THE PATTERN ON THE RIGHT_IS_TO DO SO WITH.AS.
FEW MOVES AS POSSIBLE.-LOUR IEREORMANCE_WILL BE DETERMINED
NOT ONLY BY WHETHER YOU ARE ABLE TO MATCH.THE__TWO PATTERNS
BUT ALSO BY .1101CFEWMOVES:IT-TAXES YOILTO-D0:-Sa._
THERE IS NO TIME LIMIT ON ANY'OF THE PUZZLES BUT TRY TO
USE_TOUA TIME.WISELT WHILE STILL. TRYING TO USE .AS FEW MOVES
AS PCSSIBLE. TRY TO 'COMPLETE EACH PROBLEM. IF. HOWEVER.. YOU
HAVE_WOREID A LONG TIME OWA SINGLE PROBLEM AND PEEL YOU CAN NOT
:SOLTE_IT_GONTAOT THE PROCTOR WHO. -WILL GET THE COMPUTER TO
PRESINTLTHE_NEIT PROBLEM.
A SUMMARY 07-HOW_TO_TTPE.IN YOUR THREE .CHARACTER MOVE 46
AS DESCRIBED EARLIER WILL n PRESENTED WITH EACH PUZZLE
AS A REMINDER.

IF YOU BM ANY QUESTIONS ABOUT WHAT_YOU_ARE_SUPPOSED..
TO DO CALL THE PROCTOR. OTHERWISE PRESS_THE-"SPACE"
-BAR AND "RETURN" !ET TO BEGIN YOUR PRACTICE PROBLEM.



Apps Ci
'Start atOS_Goal__Configuratioas_Constituting the Problem-Solving Test.

and Values oflerious Physical Problem Characteristics
linimmilwmusemams.musummemmammammiummagomme.....pouwv.maisms======

Physical Problem_ Characteristics

NO. Of .No. of No. of
Pattern Solution Squares Roes Columns . CitY-

Path Not- Not . Not- Euclidean _Block
-Start Goal Length Matching Matching Matching Distance Distance

.VIIII411

2

_9
42 13

2
_6

9,'I0
12'< 13

II

16 1
-14- 6

I i2
-.5 _6
.8 13'
12 14

4 2.

12: .3

8 6

9.
6

I
7
2

13

.--- Problem I'

3 4 1 2 3_ 4
6 17------5- _.-8 _8 _ay

lit 11 8 13 10 11
14- 15 ; 12 13 14 15

Problem 2

3 4 1 2 3
7 B - 5 6 7- 4-

II _9 IN XI _8

14 15 , 12 13 14 15

Problem 3

4 _8 2 8 12
3 12 7 11 3 13
5 13 10 1 5
15 9 14 6-15 9

Problem 4

3 .4 .1 2 3 4
_7 LI 5 6 _7- i

9 8 9 10 11
15 10 12 13 14 15

Problem 5

11 15 -4 2 15 13
13 7 12 3 11 7
:=,9' I& 1 9 14
10 5 8 6 10 5

Problem 6

10 15 4 3. 10 15.
_3 12 7 3 14 12
14 11 13 5 2
8 5. -6 8 11

3 3 a 2 5.24 6

4 5 3 2 6.00 6

6 7 3 7.41 8

8 8.83 10

8 3 7.41

10 9 3 4 12.24 14

(Continued on next page)
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Appendix C (Continued):
Start and Goal Configurations Constituting_the_Problem..76olying Test.

and Values of Various Physical Problet Characteristics

6'_2 10
7 IS 3
1 13 5

'12. 8 9,

14 10 13
15 9 8

7
4 3 6

I 2. 3
5 6 ?
_9 10
12 13 14

1 2 3
5 6
8 9 10

12' 13 14

5 9 6
12 15 2

13 ?
8 3 10

2 3
. 6 _7
'9' 10
12 '13 -14

:,.. 9 3
8

., _5. _2
-..11.:-I5

Problem ?

14.- 6 2 10' 14
4 7 15 11 10 6 3 2 9;66

11 1 13 4 9
11 12 8 3 5

Problem 8

12 15 14 13 12
5 11 10 9 8- 12 ii 4 12.00 12

1 7 6 5
2 4 3 2" I

Problem 9

4 _1 .2 3 4
8 12 6 _8 12 3 3 10.24 12

11 10 5 ? 11-

15 13 9 14 15

Problem 10

4 1 2 4 ID
7 5 6 .3 7 14 8 tt 3 10.06 12

11 8 13 11
15 12 14 9 IS

;

Problel 11

11 12 5 9 -6
1 4 15 2 I/ 14 13 4 14.83 16

14 . 8 13 7
3 10 14 1.

Problem 12

.4 9 5 3 4
-8 - 6 ? a '16 7 t' 2 12.06 14

II 12 I 10 11
15 13 2 14 15

Problem 13
- : 4

7 18 2 9 '7 4

6 12 8 6 16 6 A F-43 3 8.65 10

14 5 4 . 3 14
13 _ .. :1. .11; 15. 13



Appendix D:

14 III :f -9 ffiaztiv-tY Rating Study

Directions
Thank you for yOur participation. In this study, you will be asked to

sort certain puzzles into piles based on how difficult they appear to you.
Although you will actually solve the puzzles yourself, you will need to

Ow how they mould_be_solved-so that you can estimate haw difficult taey
maid be. All theiiiizlguticill be of the type pictured here.

Mike your moves in this pattern Tiy to match this pattern

1 2 3 4 1 2 3 4

5 6 7 5 9 6 7

8 9 10 11 8 13 10 11

12 13 14 15 U 14 15
,

Figure 1

The may-to solve these puzzles is to "move", the numbers in the left pattern
so that the left pattern will match the pattern on the right. A. number

= may only be moved into the Mark square in the left pattern. For ezample,

to solve this particular puzzle (Fig. 1) one must make 3 "doves" as follows:

rove 1

First, by moving the "9" up One square in the left pattern; we obtain
the following new pattern:

2 3 4

5 9 6 7

8 10 11

12. 13 14 15

Figure 2

Bidve 2

the following pattern:

. a-sov

1 2 3 4

5 .9 6 7

8 13"10 11

12 14 15

By moving the "13". up one square in this new pattern (Fig. 2) we obtain

Figure 3
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Finally, by moving the "12" right one square, we obtain_the following
pattern which solves the puzzle since it matches the original right=hand
pattern in Fig. 1.

3

5 9 6 7

8 13 10 1?

12 14 iS

Figure 4

If tt LA:s point you da not understand how these puzzles are solved,
please: react the proctor before reading on;

YOu_aill be presented with -a number of these puzzIet of varying difficulty.
Your task is to study each puzzle and, keeping in mind how sudh.puzzIes are
solved, estimate how diffiddlt each puzzle Wouldbe._ You should do this using,
the,fonowing steps,; :You should compIete_eadh step before going on to the
next step; If you ha ter,. luettions don't hesitate to contact the proctor;

am j, -Sort-of-Puzzles;-

_First,:.study each puzzle and place it in one of the six piles provided
by the proctor .labelled:

Very Difficult, Difficult- Somewhat Difficult, Somewhat RAE:, Easy-,

There is no requitementthat each pile contain 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 hoe difficult it would be to solve
the puzzle.. You should try to_makeyour initial pladement as accurate as
possible'but you .are free to: change_the location of any puzzle -you wish if
you change your *did-About its difficulty. _Remember -that you do not have to
actually solve the puzzles. just study each puzzle long enough to feel
reasonably confident about which pilic to place it into...

A few of the puzzles contain a puzzle number and:the message "Provide
4our-ressontsr-on the'top. For these puzzles, you should write down the
puzzle number shown, the pile in which you placed it,_and the reasons) -for
laht.you are sorting the puzzle intothat-pile. use the space provided. just
be164-for thia.purpose.

.
For:example, if:you:fee' the-puzzle would be "very-easy" to solve then.

place the card in the "very easy" pile and explain why. you think it would be
nvery.easy" to solve next to the puzzIe-number on the Data Sheet; Do not
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just write a reason like "Because it is solved very easily or very easily
or:very quiCkly.". Explain .hdir you decided to would be very easy; that is;
Amtishit basis did you decide to sort it into the "very easy" pile:

kiovide-vour-reasion(s)-

Puzzle NUther Assigned Pile. Reasons) for sorting into the Pile 1oidDid

Ste. -2- -=-Betord sorting results

Eedh OUikle card bas a number on the back. When you have finiShed
sorting -the puzzles into the 6 piles list these numbers under the appropriate
label below: There is no required number of puziles for any category.

Verl. Difficult iif 2 icult f Somewhat-DifficUlt Someuhat-Ease 1 Easy

F

Steo-3- 7 Subdividing the .6 piles

EiaMine the -Pditles you Mire sorted into each pile in Step 2i= You may
feel that not all .puzzIes in a given pile seem equally difficult co you:_even
:bough :they cad ail be described .as "very difficult"; or "somewhat easy" for

.= If You feel this is the case; sdbdiiide the pUzzles within each of
the original.piles: into as many smaller sob -piles representing different
degrees of difficulty as you can. Only create.more subpiles if you feel
you can distinguish differences in difficuUy between the puzzles in a given

xf you cannot differentiate the- diffictlty of the puzzles Within
given pile thin do not tdbdivOide: the te any

.1the 711. until you can. no longer Jiff- entiate the diffiailty of the puzzles
in each. pile. .During this step _you Should only compare and subdivide
-puzzles =within each Of:--the original six' piles separately. Do not switch
puzzles frost 'one of the original 6. piles to another one; for ale; from '
7Eggre±t0 Ea47%

when.: you .hatre completed.. tk.:.`4 step you have been able to subdivide

any. of the original. 6 categories; list the card: nuMbers in each pile in the
ace provided Vhet you 11S t the stbpiies always -put the hardest plizglea
thin`thie.a category-in: sUbpile 1; the second hardest puzzles in subpile 2; and so on.
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V Difficult Difficult Somewhat Difficult

subpiles subpiIes subpiles

... I .. 1 2 ...

Scineurbiat_EasT Easy Edy
gt711111,s- sub -.- pr.7?.p lie s

2 # . . . 1- '-4.- -dr

Step 4

Please answer the following questions as completely as possible.

1. Your name

2. Your student ideutification number

3. Before today, how often had you tried to solve the kind of puzile you

were asked to estimate the difficulty of in this study?

a. never
b. a few times
c. maaytimes

4. FLOW tte.h.diffittlty did you have understanding what you were supposed

to do in this study?

a. no diffidulty
b. a littIe,difficu%y
c. 'much difficulty

5. When_you sorted the puzzles into the original 6 categories, did you use
any "rules" or criteria for sorting something into "very difficult ",

"difficult"= ntdbdOhlt difficult", "somewhat easy"; "easy", and "very easy"?

TES NO

If so, what were they?

Very difficult

Diffittlt=

SomeWhat diffictlt

:Somewhat easy

as7

Very easy -

73
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6. if you were able to SdbdiVide the Original 6 piles into more piles in
Step 3; on what basis did you do so? That is, how.did you decide which
puzzles w{thfm a pile were more difficult than others?:

7. If.you did not subdivide any of the original 67piles, try to =plata
why you could not do so.

. Hew-often did you use each of the following considerations
deciding how difficult a puzzle would be:

a..The number of "moves" required
to solve the putrid

lu The amber of "ielbers"-mbich
did-not match is the two patterns

-c; whether in one of the patterns
the. numbers were in numeric
Order from 1 to 15

1 st Some Roue (of the puzzles)

Most Same one

All Most Some None

d. Noia far apart certain numbers All Medt Sete Bend
were in the two puzzles.

The number of rows in the: two AU Most Some None
pAtterns 'that did not match

f.The location of the "empty All Most- Some None
space" in the left pattern

The number of columns in the
two=puzzles that did not match AII Mbst Some Nene

.hArhether you could "see" the-
.acteal sequence of moves that
would be needed to solVe the
problem

The amount of time\tt would
take to solve theproblem

All Most Some None

Att Most Some "None

. 6

9. Did the length of this study affect your ability_to-perforin the tasks
required ?

a. not at all
hi. somewhat

quite a bit
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10. How did you feel about working on this study?

a. I disliked it a lot

b. I disliked it somewhat
c. I feIt'neutral about it

d. I enjoyed it somewhat
e. I enjoydd it a lot

Any fdrther comments?

3.



Appendf.rE:

S0014 Subject Protocols of Erach_RepOivtda Dimenzion
Perceived giffi4iiiit

a. The number of moves required to solve the puzzle or sr, of the

actual moves needed:
"It. only took a few moves"
"The /12! and '13' will go around corner into place; others look

like they._will. move easily"
b. Whether subject- could "see" the actual sequence of moves that would be

needed to solve the problem (no number of explication of the moves.
prdWided):

"1 can work thiS outjust at a-gledde--its obvious"
"1 see 'logical- moves"

c; Thenutber of:- squares ("numbers") width did not match in the two patterns:
"All monberiSSii-lodationi except for '3' is bottom right hand

corner"
"I only -had to deal with 5/16 of the digits"

d. The amount of time it would take to solve the problem:
"IVOk 10 seconds to solve"
"TMOkittAile to. see the pattern" '

e. The type_of-maves required to solve the puzzle:
"Some complicated moves most be made"
"Tridky or misleading moves"
"Needed a combla4tionof movements of sets of numbers including

moving nibmber.that was in correct spot to allow for other
movements; then replacing at end"

111:44 far spart.certain numbers were in the two puzzles:
"TiOnyt'move..numbers very far" .

_"Ittitbert in some tases_move a great distance"

g. How mom- thought -was tetpilted to solve the problem:
"Required lots:of thought"'
"I had trouble keeping_all the.moVes in my head"

h. The number of catmaiunot matching in- the two patterns:
"Because you only have to deal With two -of the four columns"

t. The.nppberof.rows not matching -in the two patterns:
i"Two rows match already" -

j. The location of the '4Oty space' in the left pattern:
require using the right columns because it contains the

open space"
k. Sitidlt.--Wittti an already solved or rated puzzle:

"This puzzle easier since it resembles one already solved"

1. Whither either the left or the right patters was in numeric order from

to 15i
there were no examples of this dimension in the voluntary protocols



Appendix

Tttble.F=1__

Intertorrelations_of_Number of-'Repeated Haves for 13 Problems

toblem

Preblem

1 _2___-__L3 ______-4 , 5 6 : 7 8 10 11 '. 12

2

3

6

10

r
N
r
N
r
N
r
N
r

r
N
r

N
.418
N
r

N
r

33
-.03
33

-.03
54.

-=.05

54
-.04

54
-.04

54:

50
=.04

46
=.07

' 44
.08

48

49.
=.03

33

1A0
33 33

-.07 =.07
32. 32.

=034 =.04
.32 32

-.06 -.06-
32 32
.a a
30 30

-.05 -.05
28 28

=.08 =.08
28 28.

.12 .12

. 28
:.T-r.08.08.

'28. 28
-.12 -.12
29 29

.07

53
.23

53
=.09.,
-53

-.05
49
.09
45
;13

43'

.27

48
.21
4?
.22

49
;37

54
.00
53

-.05
49

-.05
45
.03

43
.40
48

=.07-
47%

=.04
49

53
=.05
49

=.00
45

:.04

43

48
-.09
4?
.45

49
.11

50
=.06
46

=.10
44
.05
49

-.08
48

'.08

49
.21.

46
.52

; 44

=.18
48

-.00
47.

-.03
48

..34

: 44
=.14

45
-.04

44
.03
45

====.33

43
=.08

42
.-.22

44
;04

4?
:09
48
.00

47-
.07

Correlations not,:pompute&Ape to near zero Standard deviations.
, . _



Table F=2
Cross-CorreIatl,;?zs of Number of Legal Moves (Vertical) and

Number of Moves Horizontal for 13 Problems

2

3

6

7

8

9

10

`12

13

Problem
1 2 3 ---4 5- 6 7 8 9 10 13 _12 11

55 33 33, 54 54 54 54' 50: 46 .44 49 .48 4;0:

.07 -.14 -.08 .01 -.08 -.09 -.08 -JO -.I0 -.14 =49 =.14 .01.

.33 33 33. 33 32 32 32 30 28 28 28 28 29

r -.13 -.09 .17 414 .01 .20 -.03 -.17 -.II .54 .35 .01 -i07

N 33 33 33 33 32 32 32 30: 28 r .28 28. 28 29.

-.09 -.14 .29 .16 :;11 -.10 -.09 -.12 .00 .15 .06 -.05 -.II'

N 54 33 33 54 53 53 53 49 45 43 48 47 49
=.16 .14 .10 .30 .50 .21 .31 .00 .01 .02 .13 -.13 .28

N 54 32 32 53 54- 54 53 49 45 43 . 48 47 49
r =.15 .30 =.08 .07 7 .20 .24' .26 .14 .15 .10 =.06 =.08

N 54 ._32 32 53 54 54 53' 49 45 43 48 47 49
-.14 :16 -.03 -.06 -Aa ;14 .17 .38 .30 ;03 =.15 ;02 .01

N 54 32 32 53 53 53. 54 50 46 44 49 --'48--- 4$7.
-.10 .25 .17 .08 -.01 ;23 ' .68 .13 -.11 ;13 .08 .03 7-70C

N 50 30 30 49 49 49 50 50 46 44 48 47 46;

=408 ;.39 .01 =.09 .21 =.12 =..03 .27 -.10 :-.03 -.06 ...06

N ;46 48 28 45 46 45 46 46 4e 44 45 44 44

-.15 -.06 .00 -.29 =.08 .03 '.08 =.04 .30 '=.01 =.13 .12

N 44 28 28 43 43 43 44 44 44 44 43 42 44..

.17 '.32 .01 .25 .08 .17 .49 --.09 =.06 .06 .03 =.07

N 49 28 28 48 48 48 49. 48 45 43 49 47_ 48::

r .07 .21' ;20 -.11 -.01 .01 -.04 .05 -.06 ;32 ;33 -.13 -.03

N 48 28 28 47 47 47 48 .47 44 42 4? 48 474

=.09 =.08 .32 -.28 .08 ;16 -.01 -.13 .06 -.14 -.15 .11 -.33;

IV- 49 29 29 49 49 49 49 48 45 44 48 47 49'

k, .17 .10 .26 =.14 .11 ..=.05 .04 =.08 .01 .02 -.04 -.01 '.20"

7?



Table F-3
Coss-Coerelations of Nutber of Legal Moves (Horizontal) and

Vertical for 13 ProbleMS

'2 5 6 7 8 9 10 11 -12--arc b1em 1`.

2

3

6

10

12.

55, 33

1.00\ 7-.04:

33
;74

33
r -.03
N 54
r =.05
jV 54

N 54
r -.04
N 54
r -.03
V- 50

N 46
r =.07.

N 44
r .08

N 49
r .16

N 48
r -.11
N 49
r .03

33

33
.74

33
.=.10
\ 32

1416

\32
-.08
43
a
30

28\

=Al\
28

=.00
28

=.03

. '33 54 -54 54 54 50 46. -44 49 48

-.03 .=.05 =.06 =.04 .21. =.07 -.13 ;12 ;02 .13

33 33 32 32 32- 30 28 28 28 .28

1.00 .60 -.08 -.6i3 =.11 =.08 .=.16 =.11 -.10. -.14

33 33 32 32 .32 30 28 28 28 28

1.00 ;60 -08 -.06 -.II -.08 =.16 =.11 =.1C .14

33 '54 53 53 53 49 45 43 48 4?

-.07 ;57 .16 .06 ;22; .26 -.07 .16 .29 :=.21 .

32 53 54' 64 .53_ 49 45 .43_ 48 4?

=.04 .16 32 =.03 ;20 .28 -.12 .03' ..07

-32 53 54 54 53 49 45 . 43 48. 4?

-.06 =402 =.08 .79 .13 .00 .30 .20' -.09 ;06

..-32 53 53 53 54 50 46 44 49 .48

a -.05 -.09 =.06 "-=.03 =.10 =.18 -.05 -.08 -.23

30 49 49 49 50 50 46 44 48 4?

-.05 =;04 -.08 -.08 .12 .44 -.28 =.17 =.00 .12

28 45 45 45 46 46 46 44 45. 44'

=.08 -.01 -.11 .03 ;00. .10 .49 =.15 =.16 .20.

28 43 43 43 44 44 -44 44 43 42:

.12 .23 =.04 .02 -.12 =.06 -.23. ;37 -.06 ..=.09

28 48 48 48 49 48 45 43 49 4?:.

-.08 -.01- =.15 =.09 .07 ,=.01 -.16 .07 .46 .06-

28 4? 47 4? 48 4? 44 42 4?. 48

;08 -.21 .43 -=.02 .=.08 .33 .24 -.07 .13

k: 29 49 49 49 _ 49 48 45 44 48

.07 .26 -;22 .02: -.14 -.01 .12 . =.09 =.09 1.03

_Correlation not computed due to near zero. standard'deviationS. 79

2

'47
-29

.17

.49
=.07.

49
.04,

.;16'

4

ak



Table F-4
Cross-Correlatibea of _Number of Illegal Moves (Vertical) and

Ember of Rpeated Moves

Proem
1 2 3 4 5 -4 7 8 9 10 II 12 13

1

2

3

4

5
r

6

8

'9

10

11

12

13

r
N
r
N
r
N
r

N
r
N
r
g
r
N
r

N
r

N
r
N
r
N
r
N
r

55
.07

33
-.14

33
-.08

54
.01

54
-.08

54
-.09

54
-.08

50
-.10
46

-.10
44

-.14
49

-.09
48

-.14
49
.01

33
-.09

33
-.14

33
.29
33
.16

32
.11

32
-.10

32
-.09
30

-.12
28
.00

28
.15

28
.06
28

-.05
29

-.11

33
-.05

33

-.14
33
.29

33
.16

32
.11

32
-.10

32
-.09
30

-.12
28
0

28
.15

28
.06

28
-.05

29
-.II

54

-.13
33

.27

33
-.12

54

.49

53
.45

53
.12

53
.41

49
.28

45
.18

43
.03

48
.36
4?

.47

49
.49

54
-.13
32
.20
32
.25
53
.10
54
.37

54
.21

. 53
.43

49
.20

45
-.13
43
.28
48
.02
47
.14

49
.34

54
-.12

32
-.11
32
.06

53
-.11

54

-.75
54
.03

53
.03

49
.11

.08

43
-.06

48
-.12

4?
.01

49
-:12

54
-.09
32
a
32
a
53
.01
53

-.11
53

-.13
54

-.02
50

-.14
46

-.05
44

-.01
49

-.13
48

-.20
49
.01

50
.10

30
.17

30
-.11

49
-.17

49
-.03
4d

-.10
50

-.11
50
.03

46
-.08
44

-.18
48

-.05
4?
.06

48
-.09

46
.03

28
-.24
28
.10

45
-.18
45
.01

45
.08

46
-.13
46

-.10
0--
.18

44
-.07
45
.07

44
.31

45
-.10

44
.01

28'

-.17
28
.07

43
.38

43
.28

43
.14

44
.17

44
.08
44

-.21
44
.08

43
-.05

42
.09

44
.22

49
.05

28
.10
28
.03
48

-.07
48

-.04
48

-.19
49

-.01
48
.02
45
.03

43
-.08

49
.19
4?

-.09
48

-.04

48
-.22

28
-.16

28
-.18
4?
.03

4?
.06 /

4?
-.08

48
.25

4?
.08
44
.07

42
-.03
4?

-.09
48
22
4?
.09

49
.01

29

123
49
.21
49
.23
49
.16

49
.25

48
-.11
45
.14

44
-.33
48
.09
47
.43
49
.26

Correlations not computed due to near zero standard deViAtiat8..
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Table F-5
Product-4neut.Correlations Between Initial Move Latency
for Ea iT .11{- :LP , :11

Performance
Measure

Problem

3 4 5 6 7 8 9___,I0

Individual
Problem
Score

-Dotal 2
MRATE.

;03

-;17

.16

;31

- ;0l

-;04

--;08

-;22
.21

-;0I
-;15
.09

7;01
--;10

-.03

-AI
-;23
;15

-;02
-;03
;01

-.16
-;14
;01

-.23- -!-;I9

-;07 -;18
;06 ;13

-;07
-;09
;07

--;03

-;15
;07

-;26
-;16
:18

O

Table F=6
Product-Moment Correlations Between Aveiage Move Latency
for Each Problem and Performance Measures, by Problem

Performance.
110:Agtite--

Problem
Y 1 2 3 4 . 6-

individual 0

Problem
Score -;06 ;00 :-;03' ;07 ;07 ;00 -;01. -;07 -.16 .00 .I0 '.00 ;07

Total 2 7;11 -;l4T -;l4 -;05 -;04 -;l5 --;l0 --;20 -A5 -;22.

MRATE= .09- -.04 .08 .02 =.09 .07 -Al --..;08 ;06 ;04 -;12 .06 -- ;13

81
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