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chology class, were required to type a sequence of moves that would bring one
4 x 4 array of scrambled numbers (start configuration) into agreement with a
second 4 X 4 array (goal configuration), using as few moves as possible.

Data analyses emphasized the comparison of several methods of indexing prob-
lem difficulty, methods of scoring individual performance, and the relation~-
ship between response latency data, performance, and problem—-solving strategy.

Subjective ratings of the perceived difficulty of replications of the 15-
puzzle were obtained from a separate student sample to investigate (1) the sub-
jective dimensions used by students in evaluating the difficulty of this prob-
lem type, (2) how accurately the actual performance difficulty of these prob-
lems could be evaluated by students, and (3) whether there were reliable indi-
vidual differences in difficulty perceptions related to actual performance
differences.f‘;

Results/of the study suggested that four performance indices might be use-
ful in indexing problem difficulty: (1) mean number 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 minimum number of
moves required. Four alternative methods of scoring total test performance and
two methods of scoring individual problem performance were studied. The scores
that took into account differential numbers of moves between the optimal and
maximum number allowed were related somewhat more to performance ratings ob-
tained from independent judges.

Examination of problem performance indices, the Special Difficulty Index,
and students' perceptions of the difficulty of the test problems indicated that
most of the problems were too easy for most students. However, the possibility
of obtaining a more discriminating subset of problems was suggested by item-
total score correlations obtained for each problem. The 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 difficulty. At the level
of individual performance, only total latency or problem solution time was re-
lated to problem performance. Latency data appeared to confound differences in
the ability to visualize a sequence of moves and differences in students' work
styles., Strong evidence for these work styles was found in student consistency
of initial, average, and total response latency measures across all problems.

Perceived difficulty ratings showed reliable individual differences in the
level and variability of difficulty perceptions. The data suggested that the
individual differences found were related to individual differences in ability
to visualize and to maintain a sequence of moves in short-term memory. It was
concluded that an adequate selection of problem replications should be able to
tap these differences, resulting in reliable solution performance differences.

Improvements in problem selection and design were suggested by the data in
this study. Future tests of this type should consist of fewer but more diffi-
cult problems, particularly problems not permitting reactive, impulsive solu-
tions. This type of test would seem especially appropriate for adaptive ad-
ministration: (1) scores on problems tailored to the individual's ability
would likely be more highly related to each other, resulting in more highly re-
liable total scores; (2) the motivational aspects of the tests, which seem more
taxing and potentially frustrating than conventional item formats, would likely
be improved, and (3) for most testees equally precise measurements could be
obtained in shorter periods of time than with conventional test administration.
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INTERACTIVE COMPUTER ADMINISTRATION
| OF A SPATIAL ReasoNine TEsT

Most research or computer-administered testing has emphasized 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 & Weiss, 1975), to provide generally aigher test-retest sta-
bilities than conventional tests (e.g., Betz & Weiss, 15?3, 1875), and
to result in tests of fewer items while achieving the same or higher
levels of measurement accuracy (Weiss & Betz, 1573). In addition, re-
search has lndicated that immediate knowledge of results administered
to testees after each item in computer-administered tests results in
enhanced performance (Betz & Weiss, 1S76a) and favorable psychological
effects for examinees (Betz & Weiss, 197€b). BResearch with computer
administration of a concept attainment task (Johnson & Baker, 1872)
indicated that improved standardization could also be obdtained with
cozputer test administration; and the results of Johnson and Mihal
(167%) and Pine, Church, Gialluca, and Weiss (1575) indicated that dif-
ferences in mean peformance of racial groups might be reduced or elimi-
nated with computer—administered testing.

Almost all of the research on computer-administered testing has
measured intellectual abilities and utilized item types that are coave-
niently measured by conventional paper-and-pencil tests as weil. Row-
ever, computers would seem to bde especially useful in measuring various
perceptual, cemory, and problem-solving adbilities that utilize the som~-
puter’s capabilities to present novel ites formats, modifying itex pre-~
sentation over time in response to the examiree’s performance and al-
lowving the computer to interact with the student while working on a
tasx. It is of interest to determine vhether the advantages previously
found for computer-administered tests, particularly in am adaptive
mode, cap be extended to tests of new abilities that make fuller use of
the unique capadilities of the interactive computer.

Although the use of computers to control the presentation of
visual stimuli on a cathode-ray-tube (CRT) is fairly cosmon in psycho-
logical research, most of this research has been concerned with the
discovery of processes of attention, memory, and perception that apply
to all individuals. Recently, hcwever, investigators have begun to
explore the potential of computer-administered tests for neasurlmg in-
dividual differences in various cognitive abilities. For example, Cory
(19775 Cory, Rimland, & Bryson, 1977) has developed tests for five
avilities--short-tera memory, perceptual speed, perceptual closure,
povement detection, and dealing with concepts/ ianformation--and com-
pared scores on these tests to conventional paper~and-pencil tests of
comparadble abilities. The conclusicen was that these tests provided
reasures of attridbutes that are different from those measured by paper-
and-pencil tests. For example, a sequential reasoning dimpenslon,
which 4id not appear in the paper-and-pencil tests, was ideatified in
the computerized tests. Computer test administration is also bveing
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increasingly used dy psychologists interested in measuring individual
differences in various bdasic information processing adilities (e.g.,
Chiang & Atkinson, 197€; Hunt, Lunnebvorg, & Lewis, 1975; Rose, 1978).

A common characteristic of such new ability tests is that tradi-
tional psychometric indices of individual performance (such as number-
correct scores) and item characteristics (such as item difficulty and
item discrimination) may no longer be meaningful. To measure individu-
al differences in examinee performance, researchers have used scores
derived from reaction time dataj slope and intercept parameters relat-
ing reaction time to memory set size (Stermberg, 1569); component
scores on various stages or subprocesses derived from hypothesized
models (e.g., Clark & Chase, 1S72); and parameter scores (D’, beta)
derived from signal detection theory. Some, bdut not all, researchers
using such measures of individual differences have attempted to demon-
strate the psychometric characteristics (e.g., reliadility) of these
nev performance indices. Such a demonstration is necessary, however,
for each new score derived from new types of adbility tests before the
validity and utility of the scores can be investigated.

This report descrides a pilot study reporting the development and
administration of a spatial reasoning prodblem, the 15-puzzle, which
utilized the on-line capabilities of a real-time computer to record a 3
testee’s progress on each problem throughout a sequence of "moves and
to collect additional on-line data that might be of relevance to the !
evaluation of testee performance. Although spatial ability has been
shown to be an important special ability predictive of some job crite-
ria (for a summary of predictive validities for various occupational
areas between 1920 and 1971, see Ghiselli, 1573), it was also hoped
that this problem type and others to bde developed would be able to tap
generalized prodlem~solving and reasoning abdilities.

The 15-puzzle problem used in this study involved presentation of
the numrders 1 to 15 in a 4 x 4 matrix of scrambled numders and in a 9
target matrix with the numbers in another configuration. The testee T
was required to move the numbers in the first configuration, one number }
at a time, to match the second configuration. This problem type was )
chosen because it seemed to tap adbilities important in prodlem-solving
situations, especially in the spatial domain, while providing the fol-
lowing additional advantages:

1. Utilization of the unique capadilities of interactive comput-
ers.

2. The existence of a well-defined 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 prodlem difficulty must bde 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 prodlen
difficulty for the 15-puzzle spatial reasoning prodlem. 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
minimur number of moves for various problems differs. Some of the
questions studied were, Is the minimum number of moves to solution a
meaningful index of prodlem difficulty, or do other physical aspects of
the puzzle configuration influence problem difficulty as well? Can re~
sponse latencies be used to quantify difficulty and/or individual per-
formance? In addition, to determine whether or not the 15-puzzle task
could be used to successfully measure prodblem solving in the spatial
domain, the reliability of individual performance scores across prod-
lems of similar and varying difficulty levels was examined.

One further advantage of the problem type studied here may bde its
interactive game format, which may prove to 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 probvlems,
since the students can tell when they have reached a solution. On the
other hand, the need for perseverance and the possibly greater poten-
tial for frustration and anxiety with this type of prodlem must also bde
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 om such probdlems.

To a large degree, the psychological effects of problems of this
type on examinees will depend on the perceived difficulty of replica-
tions of the problems. It would seem that problems of this type that
are inappropriate for the student’s ability level may be even more dis-
couraging than the typical conventional test item because the student
cannot merely guess and continue with the next item. In prodlems of
this type, guessing becomes not a response dilas to be eliminated dut 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
ipportant for making the testing experience reasomadly pleasant and
nonfrustrating.

However, whether 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 (Prestwood & Weiss, 1977). Even though some previ-
ous research has found agreement between perceived and odjective inmdi-
ces of item difficulty (e.g., Bratfish, Dornic, & Borg, 1972; Munz &
Jacobs, 167137 Prestwood & Weiss, 1877), it would seem necessary to
answer this question anew when item or problem types differ signifi-
cantly. 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.
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ode-ray-tube (CRT) display terminal. The sequence of problem presenta-
tions and the simultaneous collection of performance data were con-
trolled by a computer prograc written for a Hewlett-Packard real-time
ainicomputer.

Flgure 1 shows a sample of the display presented on the CART screen
while the studenrt vorked on each problem. As Figure 1 shows, the stu-
dent was instructed to type a three-character move on the terminal
keyboard specifying which number in the left pattern he or she wished
to move left, right, up, or down one square in an attempt to eventually
dbring the configuration of nurbers ir the left pattern into agreement
with the pattern of numbers on the right.

Filgure 1
Sample 15-Puzzle Prodlen |
Make your "moves in this pattern Try to match this pattern
10 = 3 7 10 2 < 7
4 8 6 12 8 S
12 5 2 14 5 4 3 14
1 11 15 13 1 11 15 13

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

The first two characters should be the number you want to meve.
If the numder has only one digit, type one space and then the one
digit numbder.

The third character should be:
L - 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 - 1if you want to move the number up one square.
L - if you want to move the number down cne square.

After each three-character rove was typed, the computer processed
the move for legality. If the move was legal, the pattern on the left
was updated irmediately using a cursor addressing systez, which allowed
specified screen locations to be manipulated without rewriting the
entire screen. [f the three-character move was illagal, an explanatory _
error cessage was displayed, and in some cases the student was in- '
structed to notify the test proctor for assistance. The testing pro-
gran detected illegal moves of both a syntactical (e.g., typing errcrs;
and a logical (e.g., trying to move a number into an already occunied
square or beyond the cuter edge of the pattern) nature. Appendix A
contains a corplete list of diagnostic error ressages utilized dy the
testing program.

Performance data. %¥hile the student worked on the prodlem, the

following data were collected on~lire by the computer:
1. Whether the probdlem was solved or not, i.e., whether the stu-

dent was able to type a sequence of moves that would make the
configuration on the left match the configuration on the right.
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2. The number of moves required for solution.
3. The number of illegal moves, including impossible moves of
" both a syntactical and a configural nature.
4. The number 9f repeated moves, i.e., how many times the student
backed up, or reversed a possibly incorrect sequence of

moves to return to an earlier pattern configuration.

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

' . 6. The actual sequence of moves utilized.

The performance data were collected for possible use in drawing
inferences about several aspects of spatial problem-solving ability.
For example, the number of illegal moves, as well as the initial re-
sponse latencies, might index the student’s initial ability to define
and to clarify the task situation. The sensitivity of students to the
task information provided (in this case, the contirually updated left
pattern and its relationship to the right pattern) and their ability to
plan a sequence of moves might be indexed by the number of nonoptimal
moves, the rumber of repeated moves, and the total number of moves re-
quired. A student’s inability to recenter (Sweeny, 1653; Wertheimer,
1959) or the presence of a debilitating set might be inferred from a
persistent sequence of moves that did not dbring the start pattern
closer to the goal pattern.

The pattern of response latencies as the student approached the
" solution might also be useful information in making inferences about a
student’s problem-solving strategy. For example, in the initial stages
of the problem, a planning-ahead strategy might be inferred from longer
initlal 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 expected as

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

Individual differences in the adility to visualize or to maintain
sequences of moves of varying lengths in short-term memory might also
be reflected in the patterns of response latencies. For example, an
individual with a greater ability to maintain a sequence of moves in
short-term memory might need longer pauses or study points only oace
every six or seven moves, as.opposed to every three or four moves.
Isolation and interpretation of such differences may bde difficult, how-
ever, since momentary differences in short-term memory capacity may
also reflect differences in the allocation of limited cognitive re-
sources (Norman, 1976).

\

Test Adpinistration

Sixty-one students in an introductory psychology class took the
prodlem-solving test. Of these, tests for five students had to bde dis-
carded because of computer prodlems. After being logged onto the CRT
by a test monitor, the student was presented a series cf imstructional
screens by the computer. The text cf each instruction screen is in
Appendix E. The presentation ¢of instruction screens wes student paced, :
with the student pressing the "SPACE BAR and RETURN key on the ter- ;
minal keybcard to proceed to the next instruction screen.
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As Appendix 3 shows, the instructions first told the student how
to utllize irportant keyboard characters, such as the RETURN key, to
enter responses. Next, after descriting the 15-puzzle task and pro-
vidirg instructions on ertering a taree-character amove, the
instructions told the student how to correct a mistypred zove before
transmitting the move to the computer. ZIZicgrapnical information,
including nare, student identification number, age, sex, year in
school, major field of study, race, and grade-point average, was then
requested fror each student. The final instructicnal screen (see
Screen 16 in Appendix B) was intended to standardize the desired
motivational set for each student. The student was then rresented with
a practice problem. This practice probler (Problem 1) was very simple,
requiring only three straightforward moves, and was used to allow
students to clarify questions and to gain confidence in entering moves
under nontesting comditions.

Following the practice problem, studeats were presented & méximum
of 12 problems (Problemxs 2 to 13). These problems varied irn difficul-
ty, which was initially indexed by the micimum number cf mcves required
for sclution (solution path length) using a solution algerithm provided
by Nilsson (1S71). ZEach of the 12 protlems consisted ¢f one prodler
requiring 4 ard € moves and two problems for each of the follewing so-
lution path lengtns: &, 10, 12, 14, and 16. The 13 problems usei,
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 provlems for a
varlety of reasons. Since the students differed in botk solution effi-
ciency ard in the amount of tige they had available tc participate in
the study, not all students completed all the prodlems. In addition,
after about half the students (the first 33) had completed the tests,
it appeared that a test consisting of 12 prodlems was somewhat too long
ard that some students did not have enocugh time in the experizental
hour to finish the longer probdlems. For this reason, two ¢f the easi-
est problems (Problewxs Z and 3), which everycne seemed to be sclving in
the minirur number of moves, were eliminated to make the test shorter.
Finally, ip a few cases, data for a single protler were lost Zor a stu-
dent due to computer problems.

There was no fixed time lipit for each probvlem. Eowever, in order
te prevent a student from speanding too much tize on a single prodblem tc
the exclusion of others, a message advising the student to notify the
test proctor was displayed on the terminal screen after the student hed
been working on a problem for what was thought to be an unduly long
time. The mexirmum time allowed for each problem was a multiplicative
function of the ainirur number of zoves required, up to a maximum of 1S
minutes. For example, about 4 minutes were allowed for a prodlem re=-
quiring 3 moves, about 10 ainutes for a problem requiring 2 noves, and
abdout 15 minutes for problems requiring 12 to 16 moves. The proctor
then had the option of advancing the student to the next prodlem or
resetting the problem timer to allow tkhe student to continue work on
that problem. Students were enccuraged to discontinue work on a probv-
lem unless they felt confident they were rear solution and needed only
a little more tinme. .
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Similarly, the student was stopped when he or she had taken the
paximur numdber of moves allowable for a problem. The maximum nrumber 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 of moves was greater than 28, the maximunm
move limit was set equal to 28. This maximum was intended to terminate
work on a problem the student appeared unadle to solve so that he/she
would 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 bde ad justed once actual perfor-
mance data were obtained.

The maximum number of moves allowed was increased for about half
the students to determine if students could reach solution if they were
-glven 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 prob-
lem before the solution was reached by asking the test proctor to ad-
vance him/ her to the next problem. In the few instances where this
situation arose, students were encouraged to continue work on a prodlem
unless the time 1limit message had already appeared.

When the student successfully completed a prodlem by matching the
start and goal pattern: the computer displayed the message:

Good. You have gucceeded in matching the two patterns. Press the
SPACE bar and RETURN to start the next problenm.

Upon completing all the test prodlems, a message thanked the stu-
dent for his/her participation. Students then completed a paper-and-
pencll questionnaire providing information on prior experience, diffi-
culty perceptions, and other motivational questions that could de used
to evaluate student reactions to this type of test.

Since a general measure of spatial reasoning ability was sought,
individuval differences in test performance should net be accounted for
by specific prior experience with this type of puzzle. Therefore, thLe
first question asked the student how often he/she had worked on this
kind of puzzle in the past. In order to evaluate the clarity of the
instructions for this new type of test item, the second question asked
students how much difficulty they had in understanding the instruc-
tions. PRecause this was the first time this probdlem type had deen used
on this student population, it was not known before data collection how
difficult puzzle replications would have to be to challenge the stu-
dents. Thus, the third 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
would be especlially important for performance on prodlems of this type,
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which require more concentration and within-problem perseverance than
zore typical single item formats. Conmnsequently, Question 4 asked stu-
dents how hard they trled teo solve each puzzle in the optirzal number of
rcves, and Cuestion S asked whether the length of the test affected
their metivation. Students indicated how aervous or uncomfortabvle they
were while working on the puzzles in Question €. Overall evaluatiors
of how well they thought they had performed and how well they enjoyed
working cn the puzzles were provided by students in Questions 7 and §,
respectively. Any further comments the students had were elicited by
Cuestion 6. Sirce all Puzzle Reaction questions referred to different
content, no scores were derived across iteams.

Pata Analysis

Indices of problem difficulty. UTLata.collected for each problem
were used to describe problem difficulty in several ways. For each of
the 13 problems (12 prodlems plus 1 practice problem), tae frequency ;
a-d proportion of students requiring various numbers of moves to solve f
or to fall to solve the prodlem was calculated. The following were

also computed for each of the 13 problems as potential indices of prob-

lem difficulty: ‘ l

1. The rean number of moves taken. This was the average nueber
of legal moves used by the student to solve the prodlem or the
purdber of moves at which the problem was terminated due to
usinog too many moves or too much time. Siace the move limit
was extended from 28 to 43 for about one-third of the stu-
dents, the mean numder of moves was slightly lower for the
longer puzzles than it would bave been had all students bdbeern 3
allowed the larger meximur nurber of moves.

2. The proportlon of students solving the problemr within the
original raximum number of moves (i.e., for the longer puz-
zles, 28 moves.)

3. The proportion of students solving the probler in the zininum

or optimal numder of moves. :
4. The mean number of {llegal moves.
S. The mean numdber of repeated moves. )

In addition, fcr each probler a Speclial Difficulty Index was com-
puted, defined as the mean numder of zmoves used, divided by the minimum
nusber of moves required (solution path lengtk). This index was de-
signed to provide a possible difficulty index that was corrected for
differences in rinimum solution path lengths for each problem. For
example, a problem requiring 16 moves may not be more difficult (in the
i sense that nearly everyome could solve it in the mirimum number of
t moves) than a protlem requiring only 10 moves.

A possible advantage of the relatively formal nature of the 15-
puzzle is the availability of potentiaily objective physical prcblem
characteristics, which could function as potential incices of tesk dif-
ficulty. Cune such index, solution path length (i.e., the minimunm
number of roves required for solution), has already been mentioned.
Several other indices relating the start pattern to the goal pattern
were conputed to determine if they releted empirically to the actual
d1%ficnlty in solving each probler as indexed bty studeat perfcrzance.
If suck & relaticnship was found, these physical iandices cculd bte used
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in selecting 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
prodblem.

2. The numbder of squares not matching in the start and goal pat-
terns-at the start of the prodblem (maximum = 1€).

2. The nurber of rows disrupted c¢r not matching in the two pat-
terns (zaximum = 4).

4. The nunter of columns disrupted or not matchirg in the two
patterns (maxizum = 4).

€. Euclidean distance function: the sum of the distances of each
‘number’s position ir the start pattern from its position in
the goal pattern using the Pythagorean theorem (i.e., diagonal
distances allowabdle).

€. City-block distance function: the sum of the distances of each
number”’s position in the start pattern from its position inm
the goal pattern with only vertical and horizontal (not diago~-
nal) displacements calculated.

Appeudix C shows each of these physical problem ckaracteristics for
each of the 13 problems.

Assessezent of student perforzance. Ieriving scores for a student
on a sicgle problem, and on this type of test as & waole, is complicat-
ed dy several factors. TFor example, some students were not adle to
worx on the test as long as others; some students naturally worked
faster than others; and ir a few cases, data on isolated probdlems was
lost because of computer failure. In addition, half the students did
not werk on Problers 2 and 3, since these were eliminated to shorten
the test.

As a result, scoring a student’s peformance merely by the number
of prodlems sclved was not only undesirable from a theoretical point of
view dut it was also impractical due to the adove confounding factors.
For this reason, and also from the point of view of using these probd-
lems in future adaptive testing, it was desirabie to develop scoring
methods that did not depend on the particular proolem replications on
which the student worked. This suggested using such measures as the
proportion of problems worked on by the student that he or she was abdle
to solve or the proportion of problexs attempted that the student
solved in the optimal numder of moves. However, these measures do not
take into account the differential difficulty of different prodlems or
individual differences in the number of moves used between the cptizal
and maximum allowed number. Using the nurber of acves a student Tade
on a protlem would not take into account the differential solution path
lengths and the 4ifficulty of probless. Potential measures that would
take into account the difficulty of various problems, such as the aean
d1fficulty of problems solved or the highest difficulty precble= solved
in the optiral nuasdber of moves, would not be comparadle for students
vho did rot receive prodlems of the same difficulty level.

Taking into consideration all these probdlems, two wetheds of scor=
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ing studert performance on individual problems were devised:

1. Score 1 = -the_numbder of zmoves the student used
the minlmur numver of moves actually required

For exazple, if a student took 15 moves to solve Probtlem &,
which required 10 moves, 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 probd-
lems, it did not take into account the d¢ifficulty of the prob-
%em as indexed by the total group’s performance on the prob-
enm.

2. Score 2. This score was Score 1 adjusted by the Special Dif-
ficulty Index. Thus,

Score 2 = (Score 1)/(Special Difficulty Index)
This score reduces to

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

Thus, if Score 2 = 1.0, the student’s performance was equal to 5
the group average. If Score 2 was less than 1.C, the student

solved the probdler in fewer moves tkan the average student; 1
conversely, i1f Score 2 was greater than 1.0, the student g
solved the problem in more moves than the average student.

To determine whether these specially defined scores were any more
meaningful than more direct scores, such as the preportion of probdlers
solved, the relationships between the following four scores for the
test as a whole wvere examined:

AL

1. PROPS

the proportion of problems that the student attempted
(worked on) and solved within the paximumr numbder of
moves (z28).
the proportion of probdlems that the student attempted
and solved in the minieum (optimal) numder of moves.
3. Total 1 = the average Score 1 obtained on the problems the R
i student attempted.

4. Total 2 = the average Score 2 obtained on the prodlems tke
l student attempted.

2. PROPM

pe =y

i It was hypothesized that the Total 2 score wculd prove to bYe the most
reaningful score, since it took into acccunt both the solution path

length and the difficulty of the problems the student attempted and did

not depend on the number of prodlems attempted. Ey adjusting for prod-

lem 41fficulty, a student was penalized more dy Tectal 2 for less than :

optimal soclutions onrn easier problems than on more difficult problems. i1

Consistency of performance agross preblszs. Am ilmportart question
for determining the usefulness of this problem type in assessizg spa- .
tial prodlem-sclving adility was whetaer reliadle individual differ- y

ences cr various performance criteria could de identified across prob- '
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lem replications of similar and varyirg difficulty levels. To examine
thlis question, the consistency of the various performance scores was
eyamined across all 13 problems using Pearson product-moment correla-
tions. Since both of the individual problem scores (Score 1, Score 2)
were linear transforrations of the optimal number of moves, the consis-
tency of these scores across problems in terms of Pearson proiuct-mo-
rent correlations would be the same as the stability of the numder of
moves used. Thus, the stabdllity of the following performance indices
were exarcined:

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

The relationship between individual prodlem scores and total
scores on the problem set as a whole was investigated by examining the
correlations between individual probdlem scores (Score 1, Score 2) and
total test scores (PROPS, PROPM, Total 1, Total 2) with and without the
particular problem being excluded from the total score. In addition,
the relationships bdetween the total number of legal moves used (or,
equivalently, Score 1 and Score 2), the numdber of illegal moves, and
the number of repeated moves for each problem were examined dy comput-
ing the Pearson product-moment correlations between pairs of these per-

formance indices across students for all pairings of problem replica-
tions.

Response latencies. [Curing testing the time in seconds taken by a
student for every move was recorded by the computer. This allowed la-
tency trends across moves to be plotted and studied for each problem.
Three indices were used to quantitatively characterize a student’s re-
sponse latencies for a probdlem:

1. Initial move latency, i.e., how long the student studied the
initial problem configuration bdefore making the first nove;

2. The average move latency, i.e., the average time taken for a
move across the particular problem; and

3. Total problem latency, i.e., the total time in seconds taken
by the student on a particular prodlem.

In order to compare the time taken on various problems with the problem
difficulty as indexed by various performance measures, the mear of the

above three latency measures was computed across all subjects for each
prodlerx.

Although the tendency for various performance measures (e.g., the
nunber of moves needed) to correlate across problems indexes the relia-
bility of prodlem-solving performance, the tendency for a student’s
response latenclies to show consistency across problems may indicate a
cognitive style, e.g., reflectivity versus impulsiveness (Kagan, 1965;
Kagan et al., 1964) or a strategy of planning-ahead versus trial and
error or lmpulsive responding. To study this possibtility, the consis~
tency of the initlal, average, and total response latency measures
across prodlems was examined using Pearson product-poment correlations.
For example, by correlating the initial move latency across students
for each pair cof prodblems, it could be deterrmined whether soxe students
consistently studied each prodlem for longer or shorter timeés than

i
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other studeats. Similarly, by correlating the total problez lateancy
over students for each possible problem pair, it could be determined
whether the same students who took longer or shorter times to Solve one
prodlem also did so on the other problems.

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

Relatiopship between performance and response latencies. Iz order
to determine if any relationship existed bdetween students” performarce
on the problem and the way they allocated their time cn each prodlenm,
Pearson product-moment correlations were computed for eack problex be-
tween the initlal, average, and total move latencies and the aumber of
moves each student used. In addition, correlations were also computed
between total test score, which better indexed the studeat’s perfor-
mance on the test as a whole, and the initial, average, and total la-
tencies for each problem. For these correlaticns the total test scores
used were Total 2 and a mean judges’ performance rating, described bde-
low.

Judges’ ratipgs of performance. Because reliable external crite-
ria against which the student performance scores could de validated
vere not availadle, each student’s performance on each prodbler was
studied indeperdently by three judges and each student’s overall test
performance wvas rated on a 10-point scale, with 5 being anchored to
average or mear performance, considering the sample as a whole. Tte
mean of the ratings of the three judges (MRATE) was used as another
index of student total test performance.

Since the judges were familiar with the difficulty of each probdle=
and could carefully examice the student’s performance c¢n each prodlem,
1t was felt that these ratings would provide a more complete assesszeant
and rark ordering of student performance. Although less subdjective,
the performance scoring methods described above were not equally abdle
to take into account all the information that the judges could in their
ratings. Thus, one way to compare the adequacy or refinement of the
various scoring methods was to compare the rank ordering of students bdy
each method with the rank ordering assigned dy the judges’ ratings.
This was done using Spearman rank-order correlation coefficlients.

To determine how well independent judges could agree oz tae ra-
tings of student performance, interrater reliability as estimated by
the following form of the intraclass ccrrelation was used:

;’I'Ms
MS

students Mserror

+ (R-1) Ms___ . (1]

students
vhere the various mean squares (MS) were derived from & stardard two-
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way analysis of variance and the mean szuare for error term represented
variation due to the interaction of students and judges. Note that
since only the reliadility of the rarek ordering of students, and not
mean level of differences of judges’ ratings, was of interest (i.e.,
interrater reliability versus interrater agreement), the error term did
not include variation due to judges (Tinmsley & Weiss, 1575).

Motivational apd biographical data. The frequency and percentage
of students endorsing various response alternatives to questions in the
Puzzle Reaction Questionnaire, completed at the end of testing, were
tabulated in order to 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 questionnalres 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 numbder of students distributing themselves
over various response categories made group performance comparisons
between students in different response categories inappropriate for
many of the questions.

Cne exceptlon was Question 2, which was especially important de-
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

fxperience with this prodlem type versus students reporting much exper-
ence. :

Since problems of the type used in this study may require higher
levels of motivation than more traditional psychometric measures, it
vas also important to investigate the effect of motivation level on
performance with the limited data available. For this purpose t tests
were performed on the performance means o0f students reporting different
levels of motivation in Question 4.

In addition, since males as a group have generally bteen found to
score higher than females as a group on tests of spatial adilities
(Garai & Scheinfeld, 1568; MacCoby & Jacklin, 1974), it was of interest
to determine whether sex differences existed for this test. Thus, a t
test was used to compare the male and female group mean total scores.

Perceived Cifficulty Ratings

'Subjective ratings of the'perceived difficulty of replications of
the 15-puzzle were obdtaired from a Separate sample of students in order
to investigate the following questions:

1. What sudjective dimensions do students use in evaluating the
difficulty of this prodlem type?

2. How accurately can students evaluate the actual difficulty of
these prodlems? That is, do difficulty ratings agree with
actual performance data? How finely can discriminations bve
made detween prodlems of sicilar difficulty levels?

3. Are there reliable individual differences {n the perceived
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difficulty of these probdlems and in the abdility to make finer

discriminations?
The latter two questions, in particular, address indirectly the ques-
tion of vhether students’ perceptions of task difficulty can be related
to their performance. For example, to the exteat that reliadle indi-
vidual differences in the ability to visualize a sequence of moves in
short-tera memory exist, this might be expected to result in reliabdle
differences in both perceived task difficulty and in actual task per-
formance.

To maximally associate perceived difficulty with actual perfor-
zance, the same students would ideally make the ratings and solve the
F prodlems. TDue to limitations in student time, this was not possidle in
: the present study; instead, a second sample from the same population
was utilized. Using separate samples for the two tasks has the advan-
tage that a student’'s rating of problem difficulty would not influence
or bde influenced by actual perforrance on the probdlea.

Sudbjects. 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
index card. To shorten the length of the rating task for each student,
the €7 puzzles were divided intc 4 sets of 16 or 17 puzzles each and
the 47 sudjects vere randoamly assigned to one of the 4 puzzle sets.
Since the students were divided into groups merely to shcrten the task,
analyses wvere generally carried out for the sample as & whole; thus,
the results will not be discussed separately for each group.

Data for three students were not included in the analysis because
they falled either to perform or to record their ratings in accordance

with ipstructions. Students took an average of about 40 to 45 minutes
to coerplete the rating task.

Puzzle stimuli. Selection of the 67 puzzles used in this study
was done with care because they were to be used in several ways. For
example, in order to bde adle to trace the perceived difficulty trend
vithin a single puzzle (which might require 16 moves from start to
goal), ratings were obtained for several puzzles with the same goal
configuration but with start configuratiors that converged on the goal.
4s a result, it was possidle to detect how many moves from the goal a
student would have to be dYefore the problem would begin to look some-
what easy, then easy, and so on.

f Since one hypothesized difficulty dimension was that of path -
! length (or numder of moves required), puzzles utilized a relatively
unifors continuum of path lengths from 1 to 2€. Of the 12 prodlems

3 used in the prodleaz-solving performance portion of the study, 9 were -
included among the stimull rated in the rating task. Of these &, 4

vere divided into sudpuzzles of varying lengths, as descrided adove, in
order to examine the perceived difficulty trend withis the individual
prodlems.

Rating procedure. Appendix D contains a copy of the self-adminis-
tered instruction 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
1t. Students first sorted the puzzles into six categories ladeled Very
Lifficult, Difficult, Somewhat Difficult, Somewhat Easy, Easy, ard Very
Basy. It was made clear to the students that there vere no required
nuzber of puzzles to be sorted into any of the piles but that they
should put each puzzle into the category that had a label best describdb-
ing how difficult they thought the puzzle would bde to solve. In each
puzzle set four of the puzzles were specially selected ahead of time to
range from Very Easy to Very Lifficult, in terms of path length. These
four puzzles had a special message on the index card instructing the
student to provide reasons, or a bdasis, for sorting the stimuli into a
specific category. These reasons, along with the posttask questions
(see Appendix D) regardipg 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 dut omly to do so if they felt they could differentiate the dif-
ficulty of the puzzles in the same category. No re-sorting across the
original six categories was allowed. After recording the stimuli in
each of the final subddivided 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 page 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 8¢
and 8f in Appendix D). It was felt that these dimensions (particularly
8f) would bde irrelevant to perceived difficulty aand would therefore
serve to detect students who were randomly responding or feeling that
they should have used every dimension suggested by the experimenter.

Analysis

Reported dimensions of difficulty. Self-reported dimensions of
percelved dIfficulty wvere thus of two types in this study. First, stu-
dents voluntarily provided the basis for their difficulty judgments
during the sorting task. During this portion of the task, students
vere provided no information as to the dimensicns to be used in making
their judgments. After sorting the puzzles into piles representing
different perceived difficulty levels, an experimenter-provided list of
possible rating dimensions was provided and students indicated whether
they used each dimension on all, most, some, or none of the prodlems.
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For each type of self-report (the voluntary protocols and the ex-
perimenter-provided dimensions), the proportion of students reporting.
use of each dimernsion was calculated and a determination was made of
tte most frequently used or important rating dimensions. Judgments of
which dimensions were bdeing 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 the rating booklet (see Appendix [, Step 1) and Questions 5,
6, and 7 in the postrating task questionnaire (see Step 4 in Appendix
T). Representative protocols provided dby the students to indicate use
of each reported rating dimension are contained in Appendix E.

Percelved difficulty mean ratings. Scale values representing mean
percelved 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 Diffi-
cult, Tifficult, 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 10 to 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 adout .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 prod-
lems (e.g., problems requiring three to six moves) perceived to be in
each of the categories ?e.g.. 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 investi-
gated by correlating mean difficulty ratings with the performance and
response latency measures obtajined for the nine puzzles that were in-

cluded in both the performance and difficulty rating portions of this
study. - .

Each of the performance measures, response latency measures, phys-
ical protlem characteristics, and the perceived difficulty mean ratings
can be considered potential probdlem difficulty indices. For example,
the difficulty of a problem could be indexed in several ways: (1) by
the proportion of persons solving it, (2) by the average response la-
tency used in working on the probdlem, or (3) by the numbdber of squares
needing to be moved large distances in the pattern. The similarity of
the rank orders of various objective indices will likely vary.

In addition, the rank orderings 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 purpose, tae
Spearman rank-order correlation coefficient was computed bdetween the
rank orders of problem difficulty provided by all performance, latency,
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physical, and perceived difficulty indices. Some of the questions ad-
dressed through examination of these correlations were as follows:

1. Lo the performance criteria used in 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. TLo problems that take the most total time to solve or that
require 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 wove 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 problem?

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

Indices of problem difficulty. Table 1 shows the number of stu-
dents who attempted each problem (including the practice problem, Prod-
lem 1), the optimal or minimal number of moves required to solve each
prodblem (path length), and the frequency and percentage of students who
used various numbers of moves before solving or giving up working on
the protlem. These data suggest that most of the problems were too
easy, with from 70.4% to $8.2% of the students solving S of the 13
protlems in the optimal numter of moves. Prodlems 10, 12, 13, and, to
a lesser extent, Probler 9 were more challenging, with from 14.6% to
45.7% of the students solving the problems in . the optimal number of
moves. The data in Table 1 also show that the optimal number of moves
was not a perfect indicator of difficulty as indexed by student perfor-
mance. Problems 4 and 5, which could optimally be solved in 8 moves,
were solved in the optimal number of moves less frequently (75.S% and
?7.8%) thap Problem 6 (87.0%), for which the optimal number of moves
was 10. Similarly, Problems 10 ard 11 could both be solved optimally
in 14 moves’? bdut only 29.5% of the students solved Problem 10 in that
number of roves, whereas 79.6% of the students solved Prodlem 11 in the
optimal numbder of moves. .

Additional data on student performance characteristics of the
prodlems are shown in Table 2, With the exception of Prodlems &, 10,
12, and 13, the zmean numder of moves used on each problem (row 1 of
Table 2) were quite close to the minimum numdber of moves required for
its solution (row 9). Row 2 of Table 2 shows that all students solved
the first five prodlems in the allowed maximum numder of moves (for the
longer problems the maximum numder of moves allowed was 28), and only
for Problems 12 (66.6% sclving) and 13 (66.4% solving) were there sub-

I

|

TS e e el GRSRARNE . TSN S 2 ¢
:;'a.:AMu\‘d.ﬂ' LR ‘ ;



C R O B APAT R DA

Table 1

Optimum Number of Moves and Distributions of
Observed Number of Moves “or Each Problea

b3

Frequenc
— N

Observed
No. of

N __ Moves
44

Optimum

Problem No. of

Number

Moves

——

enc:
z

Pr
N

No. of
N  Moves

Observed

Optimum
Moves

Problem No. of

Number

58953838133586200
965‘2626922‘698222222‘6

MNONNAMNANL A NN DL rd =~

-

14
16
18

14

10

20

21
22
24

26

”

27
28
32
34
35
14

49

14

16
20
22
26
27
28
32

-

16
18
20
23
24
25

48

16

12

26

27
28
30
32
33
34
35

39
16
18

49

16

13

19
20
22
25

26
27

00006314133333432221‘0011211320031
0266866086“2022“5‘66822‘6

-~ 351336335‘2221m1122‘238‘1173

28
30
32
33
3
35

28900009899798696997069999‘77989990000000000795223323233222

81333735‘1131771511375111

-4
vy

vt =t~
™

(-

o~
”

3562“.468808«“”

n
wy

(]
L2

L}
(e}

ot =4 0O
~

-4
vy

- ~

-

54

SN NA NS N A NS Ol

~

SEREEEE

54

10

HAR83S

54

10

o~ D
-4~

(=]
-

A
o~ &N

onN
L]

50

12

~
-

o
(]

<
o~

"y
«~

~
NN

N ™M
N ™m

1033161118222226222506226‘242“222

12
14
16
20
22
24
25
26
27
28
32
36

46

12

.

bt s v

.'r‘v:?.“

<
S

]
A

i sy

]

(9> NE. S N

L TH




-19-

stantial numbers of students failing to solve the problems. Row 3 re-
ports the proportion of students solving each problem in the optimal
nunter of moves. With the exception of Prodblems &, 10, 12, and 13, 70%

or more of the students were able to sqlve the rest of the prodblems in
the optizal number of moves.

Row 4 of Table 2 contains the Special Difficulty Irndex, wkich 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 thls index agreed quite well with the performance data
in rows 1 through 3. Again, only Prodblems S, 10, 12, and 13, 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 Difficulty
Index with the minimum number of moves required (row S§) 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. For example, although Protlem 11 required
at least 14 moves for solution, this problem was much easier for stu-
dents than sore of the prodlems requiring fewer moves. Thus, zinimal
solution path was not the sole determinant of a probdlem’s difficulty.

Mean probler latencies. Rows 5 through 7 of Table 2 show the mean

problems. The data on average amount of time spent by students prior
to their first move (mean initial latency) indicates a strong, though
not overfect, relationship with the difficulty of the probdlem as indexed
by the other performance criteria. This relationshlp appears even
stronger for the total time in seconds used by the average student (row
7) to solve problems of varying difficulty. For example, the mean ini-
tial and total move latencies were smallest for two of the probdlems
with the shortest 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 comsistent,
except that students seemed, not surprisingly, to use more time to
study and to complete the practice probdlex than would be predicted on
the dasis ¢f its short path lergth. Students usually took about 0 to
60 seconds to make their first move, whereas total time working om a
single prodlem ranged from adbout 87 to 361 seconds. Most problens were
solved in abdout 2.5 minutes (150 seconds) or less.

There appeared to be no consistent relationship bdetween path
lengths of the problems and the average latency for the moves within a
- single problem (row 6 in Tadble 2). Students generally took from & to
1% seconds tc make a single move, although again more time was taken or
the practice prodlem (Problem 1).

Perceived scale values. 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 the
assignment of the numbers 1, 2, 3, 4, 5, and 6, respectively, to the
categories Very Easy, Fasy, Somewhat Easy, Somewhat Difficult, Diffi-
cult, and Very Difficult, row 8 shows that none of the problems was
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considered Tifficult or Very Difficult by the average student. Four
prodlems (2, 10, 12, and, to a lesser exteant, 2) were corsidered Some-
what Zifficult, and the remaiaing problems (4, 6, 7, 11, and 13) were
perceived as Zasy 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 & and
11 were rercelved as being more difficult than was indicated by the
perforzance data, whereas the most difficult problem--Problem 13 with
Svecial Tifficulty Index of 1.S1 (row &)--was perceived as being Sorme-
what Easy by the average student. These data indicate that students’
initial difficulty perceptions of these problems are fallibdle, particu-
larly for problems with longer solution paths.

Illegal and repeated moves. Kows 10 and 11 of Table 2 contain the
mear aurber 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 exceptionm of
Prodlems 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, ani 13, how-
ever, the average student made approximately one or more illegal and
one or rore repeated moves. This is to be expected for the more diffi-
cult prodlems, since the students worked longer on them and thus had a
greater chance of making typing errors ard other illegal moves. It
weuld te difficult to unconfound this tendency with any tendency to be
zore careless on the more difficult problems. The slightly increased
number of repeated move configuratiomns for Problems 10, 12, and 13 rmay
be more meaningful, indicating a greater likelihood of students needing
to back up in their solutions to the mere difficult probdlems. Because
of the spall number of i1llegal and repeated moves made by the average
student on these problems, these measures were not considered further
as potential indices of prodler difficulty (e.g., they do not appear in
Tadle 3).

Relationships among indices of problem difficulty. Table 3 shows
rank-order correlations among the potential indices of problem difficul-
ty--performance indices, latency measures, perceived difficuity, and
various rhysical problem characteristics. Data for Variables 1 through
€ are in Tadle 27 date for Variabdles 10 through 14 are in Appendix C

for each of the probdlems.

The correlations in rows 2 through 4 of Table 3 show that the dif-
ficulty indices bdased on group performance data rank crdered the diffi-~
culty of the problems quite similarly, with the strongest agreenment
between the Special Difficulty Index and the proportion of studeants
solving the rroblem in the optimal number of moves (p=-.55) and between
the mean number of moves used and the proportion of students solving
the prodlem in the raximum allowed moves (p=-.54). The utility of the
Special Difficulty Index over the other performance indices of
difficulty is suggested by its lower correlatiocn with soluticn path
length (p=.77). For exazple, using the mean aurber of zoves required
by the sarple to solve Aifferent prodlems is less adequate as an
indicator of problem difficulty because it labeled all puzzles with
lecng soluticn paths as difficult (p=.S8) when, in fact, not all long
puzzles were difficult (e.g., Problem 11).
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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 tcok longer times to solve were also studied
longer initially (p=.84), but the average time for moves withir a prod-
lem was not significantly related to either the initial move (p=.25) 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
spent on a problem (row 7) by the average student 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, -.67, .63). That is, not surprisingly, more difficult
problers were studied longer initially and took longer to solve. The
correlations in columns 5 to 7 of row $ also shov @ strong relationship
between mean initial and total latency and solution path length (p’s=
.61 and .72, respectively), indicating that the problems with longer
sclution paths were studied longer initlally and worked on longer.

The correlations in columns 1 to 4 of row 8 show that students’
perceptions of problem difficulties agreed somewhat, but not as much as
might bde expected, with the actual performance measures (p“s=.64, -.63,
-.43, .40). Although all these correlations were in the appropriate
direction, only the first two approached statistical significance due
to the scall numbder of problems (nine) for which bdoth performance and

- perceived di1fficulty indices were avallable. The perceived difficulty

scale values in row 8 of Tadle 2 suggest that thils lower-than-expected
relationship was due to the students” inability to differentiate the
relative difficulties of problems with longer solution paths {such as
those used ir Problems S through 13). The correlation between per-
ceived difficulty and solution path length (P=.63) was not as high for
the problems solved on the computer as for the larger stimulus set used
in the rating study (r=.88), prodadly because the range of path lengths
used in the computer test was more restricted.

The only significant correlation between percelved difficulty and
latencies (columns S to 7) was with the mean initial latency measure
(p=.75). 1In fact, thls represented the highest correlation in the
matrix for both variadles. This relatioaship 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 & shows that perceived
difficulty of the prodlems in the test was significantly related to
only two physical prodblem 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 and the Euclidean and City-Flock
distance functions, were prodadly 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).

Zxamination of rows & to 14, columns 1 to 4, shows that only tke
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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 4iffi-
culty as indexed dy the four performance measures of difficulty. Solu-
tion path lergth rank ordered problem difficulty quite similarly to the
four perforwance measures (p°s=.98, -.91, -.80, ard .77), being most
independent of the Special Difficulty Index (p=.77). The two distance
functions moderately predicted mean number of moves (P s=-.36 and -.43,
neither significant) and the Special Difficulty Index (p“s=.31 and .35,
neither significant).

Solution path length (row S) was the only physical problem charac-
teristic to predict mean initial (e=.61) or mean total (f=.,79) probdblem
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 numder of squares not
matching (pP=-.67), the Buclidean distance function (p=-.68), and the
City-Block distance function (p=-.71). These negative correlations
suggest the rossidbility that students worked faster and made moves more
quickly when they could see that many numbers would need to bde moved,
especially if these numdbers had to be moved long distances in the puz-
zle.

The intercorrelations of the physical probdlem characteristics in
rows and columns 9 to 14 show that the more highly related problem
characteristics wvere solution path length, the number of squares not
matching, and the two distance functions. For this set of prodlenms,
the Euclidean and City-Block distances were virtually identical (r=.98).
Although the numbder of rows not matching did not .relate to other physi-
cal probdlem characteristics, the number of columns not matching did
correlate with the number of squares not matching (f=.81) and the Eu-
clidean distance measure (P=.60). Whether the number of rows or col-
umns not matching was more or equally related to other physical indi-
ces, however, is strictly dependent on the particular set of problem
replications used. .

Assessment of Individual Student Performance

Scoring methods. For each individual prodlem two scores were com-
puted--Score 1, defined as the numder of moves the student required
divided by the pinimur numder 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 wvere the averages over
the problems attempted of Score 1 and Score 2, respectively, and PROPS
and PROPM were the proportion of prodlems attempted that were solved
within the maximum allowed moves (PROPS) and in the minimum numder of
moves (PROPM). Tabdle 4 shows the means, standard deviations, and range

of all these scores for the present sample.

Note that although not all students worked on each individual
problem, thus not havimg a score (Score 1, Score 2) for each prodlenm,
the four total scores were obtainadle for all students (N = 55) as a
result of the way these scores wvere defined. PROPS and PROPM can bde
considered additive scores, which essentially total the numder of prod-
lems solved or solved optimally; whereas Total 1 and especially Total 2
take into account the pattern of scores across the prodlems attempted.
The latter two scores would appear to bdbe particularly appropriate for
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Table 4
Mean, Standard Deviation, and Range of Four Total
Scores and Thirteen Individual Problem Scores
Best Poorest
Standard Score Score
Score Problem N__Mean Deviation Obta%geda Obtained?
PROPS - 55 .83 .12 1.00 .50
PROPM -— 55 .66 .16 1.00 .36
Total 1 -— 55 1.25 - .18 1.00 1.70
Total 2 - 55 1.00 .14 .84 1.38
Score 1
1 55 1.01 .09 1.00 1.67
2 33 1.13 52 1.00 3.25
3 33 1.1 .06 1.00 1.33
4 5 1.21 .56 1.00 3.25
5 54 1.23 55 1.00 3.25
) 56 1.12 41 1.00 2.80
7 56 1.28 .49 1.00 2.80
8 50 1.2 .49 1.00 2.33
9 46 1.45 .54 1.00 2.33
10 44 1.44 .40 1.00 2.00
11 49 1.11 .27 1.00 2.00
12 48 1.50 .29 1.00 1.75
13 49 1.51 .31 1.00 1.75
Score 2
1 55 1.00 .09 .99 1.65
2 33 1.00 .08 .89 2.88
3 33 1.00 .06 .99 1.32
4 56 1.00 46 .83 2.69
5 54 1.00 .44 .81 2.64
6 54 1.00 .37 .89 2.50
7 56 1.00 .38 .78 2.19
8 50 1.00 .40 .81 1.88
9 46 1.00 .37 .69 1.61
10 44 1.00 .28 .69 1.39
11 49 1.00 .25 .90 1.80
12 48 1.00 .19 .67 1.17
13 49 1.00 .20 .66 1.16
3Note that higher numbers represent better scores for the PROPS
and PROPM scores and lower numbers reflect better scores for the

Total 1 and Total 2 scores.

1 adaptive testing wvhere not all students work on the same probdle=ms.

From the mean PROPS score it can bde seen that the average student
solved 82% of the problems attempted in the maximum allowadle moves.
At least one student solved all the problems attempted (best score =
1.00), and the student with the poorest score (.5C) solved only half of
the problems attempted. The PROPM data indicate that the average stu-
dent solved 66% of the probdlems attempted in the optimal numbder of
moves, with proportions ranging from 100% to 3€% solved optimally. The
Total 1 mean score shows that the average student required 25% (mean =
1.25) more moves than optimally required to solve the average probdlem.
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At least ome studeat 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 1 score represents the proportion cof moves beyond the
minizun number possidle, and the Total z score represents the propor-
tion of moves greater or less thap the mean number required dy the
group as a whole. This is also true for the difference vetween the two
individual problem scores, Score 1 and Score 2. Thus, by definitioan,
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 16X fewer
moves than the group norm; whereas the poorest Total 2 scere was 1.38,
indicating that onme student required 38% more moves on the average than
d1da 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 ty
the sample divided by optimal number of moves). However, the data in

Table 5
Independent Judges' Ratings and Mean Rating (MRATE) of
Total Test Performance for Each Student
Judge Judge
Student 1 2 3 MRATE Student 1 2 3 MRATE
1 6 6 7 6.3 30 6 4 4 4.7
2 7 S 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 S 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
11 4 3 6 4.3 40 5 5 5 5.0
12 8 8 8 8.0 4l 5 5 6 5.3
13 ) 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

PR

»

>

Z *
l ' b b kR m'i‘w ghoip v ‘ v R J
T PR PIPIRTEUE VS, S ©- N Y S . -




Tadle 4 show differing levels of difficulty for the 12 prodless as in-
dexed by Score 1. For example, Froblem S (zean Score 1 = 1.45) vas
msore 4ifficult for the sasple :t.az Problem 4 (mean Score 1 = 1.21),
since Prodlec G required am average of 4S% wmore acves than the optizal
nusder versus 21% more move. than the optigal numder for Problem 4.

Score 2, like Total 2, i_l:xes perforgmance relative to the mean
student. As a result, the mean Score 2 across all students is 1.00 for
each probdlem by definition. Values of Score 2 below 1.00 indicate
fewver soves than the average student, and scores greater than 1.00
reflect sore 30ves than the average student. LExamination of the bdest
and poorest values of Score 2 indicate consideradle variadility i¢n
student gerforuance on the problems., The best student on Problem 13
completed the probles in two-thirds of the average auader cf poves
required by the average student, and the poorest studient on Problem £
required 2.86 times the average anumber of zoves.

fgggg;: ratipgs g; perforgsnce. Tadle 5 contalns the ratings on a
10-point scale of each student s overall test perforsance by three i{nde-
pendent judges aand the resulting mean rating (MRATE) used as & criteri-
on in this study against wvhich to compare the alternative scoring meth-
ods. The mear and standard deviation of each judge’s ratings and the
overall pean ratings are also shown. The zeans o, each column wvere all
close to 5.0, which is appropriate, since the judges were fnstructed to
assign a rating of 5.0 to students with average performance. The simi-
lar standard deviations indicate a comparable spread of judgments bdy
each judge. For only € of %5 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 perforsed either very well on most prodblems and
very poorly on a few (Students 8 and 11) or well on some difficult
provlems but less well on easier ones (Studeats 37 and 53). Cne of the
students (Student 36) 41d not have data for three probleas on an impor-
tant part of the test, making 1t difficult to evaluate that student’s
overall performance on the test.

Tabdle 6 shows the results of the interrater reliability amalysis.
As Tadle € shows, most of the variance in ratings was due to individual
differences in student performance, and substantial 1lnterrater reli-
abdbility (pr= .80) was obtained.

Table 6
Sources of Variance in Performance Ratings
§EEEE?3?15?555?"""""‘1?""'GEJL"1EF
Students (8) S4 502.5 9.3
Judges (Jj) 2 10.6 5.3
Error (8 x J) 108 75.4 .7
Relatlorship between Judges’ ratings apd scoring methods. Tadle 7

shows the Spearman rank-order coefficients between each of the individ-
ual total performance scores (PROPS, PROPM, Total 1, and Total 2) ard
MRATE. 1In terms of its relationship with the other 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 maxiaum
allowed. The highest relationship betweer scores was between Total 2
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and Tctal 2 (r = .G€); these scores undoubtedly are so similar ia 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 attempted did not differentiate between students. In
an adaptive test where students converged on problems of varying diffi-
culty levels, performance as indexed by Total 1 and Total 2 would be
expected to differ appreciadly.

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

Score PROPS PROPM Total 1 Total 2
PROPS
PROPM .71
Total 1 -.79 -.88
Total 2 -.74 -.81 .96
MRATE .68 .87 -.85 -.89

Note. All Spearman coefficients significant at p < .00l.

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 dut
ranked 14 through 16 om Total 2 scores. All three of these studeats
worked only on the easier problems and solved them all in close to the
optimal numder of moves; as a result, thelr Total 1 scores were high.
Jowever, many students who did well on the mcre 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, vere used as a criterion against which to evaluate
the different scoring methods, Total 2 was slightly but not signifi-
cantly better than the PROPM and Total 1 scores. The judges, in de-
scribving how they made their ratings, were clearly taking lato account
not only the number of moves beyond the optimal numder (Total 1) dut
also the relative difficulty of the prodlems attempted by each studeant;
therefore, if students had worked on probdlems of more varied difficulty
levels, Total 2, which takes both these factors into account, would
seem to be even more superior to PROPM and Total 1.

Consistency of performance across problems. Important for the
usefulness of this problem type in assessing spatial problem-solving
adility is whether reliadble individual differences on various perfor-
mance criteria can be identified across problem replications cf similar
and varying difficulty levels. Table 8 shows the intercorrelations of
the total number of moves used by students (lower triangle) and the
{ntercorrelations of the number of illegal moves made (upper triangle)
across the 13 problem replications. The correlations in the lower half
of Tadble 8 fall to demonstrate strong coasistency of the Number of
Moves perforwance measure across problems. Tkat 1s, there was not a
consistent tendency for students to ranmk order themselves sizllarly
across problems on this performance score. Some small clusters of sta-
tistically significant and moderate size correlations existed between
Prodblems 2 through &, Problems S5 through 10, and to a lesser extent
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between Probdlers &, 10, 12, and 13. These moderate positive correla-
tions, which tend to be located near the diagomal, 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 obtalned across probdlems
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 to the overall easiness of the test. With the majority of students
solving many problems in the minimal or close to minimal number of
moves, the low variability of the performance scores across probdlems
would greatly decrease correlations.

Similarly, there was not a strong tendency for the same stulents
to make more illegal moves across problems, as indicated in the upper
half of Table 8. However, many more moderate and statistically signif-
jcant correlations existed than would be expected by chance. It was
originally expected that the number of illegal moves might relate to
difficulty in understanding the instructions and prodblem task. The
small numder of illegal moves made by students on most problems (see
Tatle 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 CRT.

From Tadle 2 it was also .seen that there were very few repeated
poves made by students, indicative of backing up in the problem solu-
tion. Not surprisingly, then, no strong consistency across problems

was found for this performance index (see correlation matrix in Appen-
dix Tabdle F-1).

To examine the relationship between the number of legal moves
used, the number of illegal moves, and the number of repeated moves
within a single prodlem and across problems, the intercorrelation ma-
trices between these performance indices were computed (see Appendlix
Tables F-2, F-3, and F-4). If all three indices were related to abili-
ty to solve these problems, they should be reiated to each other within
and across problems. Examination of the intercorrelation matrices dem-
onstrated that the number of total, illegal, or repeated moves on the
same or on a different problem were not highly correlated, with the
exception that within the same problem the numder of repeated moves
correlated moderately highly (average r = .4S) with the numder of total
moves (see Appendix Table F-3). This latter relationship is not sur-
prising, since it is a part-whole correlation, with the numder of re-
peated moves being included in the total number of moves.

Another way to examine consistency of performance 1s to relate
perforeance on individual prodlems with performance on the test as a
whole, as indexed by various total scores. These item=~total correla-
tions, shown in Tadle &, can assist in selecting the problems that are
most discriminating. In Tadle G the five or six highest correlations
{n each row are underlined. These data indicate that generally prob-
lems in the middle range of difficulty (Probdlems 4 to 10) were most
discriminating. Since correlations between individual prodlem scores
and the four alternative total scores are to varying degrees part-whole
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correlations, the last two rows of Table 9 show the correlations be-
tveen a problem score and the total score on the remaining probdlems
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 probdlems 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 Tabdble S a-
bove), one appropriate for each individual student, improved reliabdili-
ty may be obtained.

Table 9
Product-Moment Correlations Between Individual Problem Scores

(Score 1, Score 2‘2 and Several Total Test Scores, by Problem

Problem
Total Score 1 2 3 4 5 6 7 8 9 10 11 12 13
PROPS -07 =21 ~.20 ~.41 -.,36 ~.47 =-.24 -.31 -.47 -.38 -.25 -.36 =~-.,42
PROPM -1 =-.32 ~.18 -.44 -.35 -.36 -.58 -.29 ~.46 -.40 -.21 -.37 -.38
Total 1 06 .35 .26 .53 .55 .49 .60 .41 .49 .43 .26 .33 .27
Total 2 06 .36 .27 .56 .61 .49 .61 .43 44 .43 32 .28 .22
Problem
Excluded

Total 1 .06 .14 .26 .30 .30 .31 .3% .18 .26 .27 .15 .18 .10
Total 2 ,02 .11 .23 .32 .39 .29 .42 .21 .24 .28 .19 .16 .10

Yote. 1If |r] > .36, p < .01; if |r] > .27, p < .05.
3since Score 1 and Score 2 were linear transformations of each other, correlations with
total scores were identical.

Consistency of latency measures across problems. Table 10 shovs
the intercorrelations of initial response latencies (lower triangle)
and average response latencies (upper triangle) across all 13 probdlems.
: The initial latency correlations showed a moderate ‘to strong tendency

t for individuals to bde consistent in the amount of time they spent in
initial study of a prodlem 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.

Tadle 11 shows the intercorrelations of the total time spent on
! each problem. These data indicate a moderate relatioansihip across most
! problems.

; Thus, there seemed to de a substantial degree of comsistency in
' . the initial, average, and total time taken by individuals in working on
these problems. The response lateacy measures zay tap differences in
the cognitive style of reflectivity versus impulsiveness (Kagan, 1S€E;
Kagan et al., 1564) or the degree of planning by the student. Since
all three correlation matrices (initial, average, and total latencies)
showed a slight tendency for the correlations to be largest near the
diagonal, the work strategy or style of each student may vary somewhat
at different points in the test, being more comsistent for probleas
that are worked on closer to each other in time.

The response latency measures may also reflect individual differ-
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Table 11
Incercorrelations of Total Response Latency for 13 Problems
Problem
Problem 1 2 3 4 5 6 7 8 9 10 11 12
N 33
2 T .48
3 N 33 33
r .51 55
4 N o4 33 33
r .17 .46 .52
5 N LY 32 32 $3
r .20 .30 .45 .58
6 N 54 32 32 83 54
b 3 .25 .36 .59 .30 .35
7 N 54 32 32 &3 53 53
3 .22 .29 .25 .28 .23 .33
3 N 50 30 30 49 49 49 50
r =07 -.02 -.12 46 .61 .23 .20
9 N 46 28 28 45 45 45 46 46
r =-.01 -.27 .18 .04 .22 .45 .19 .11
10 N 44 28 28 43 43 43 44 44 44
r .20 .05 .30 .08 .40 .26 .35 .13 42
11 N 49 28 28 48 48 48 49 48 45 43
T .30 .46 .27 .46 47 .04 .42 .19 .18 .41
12 N 43 28 28 47 47 47 48 47 44 42 47
T A1 .13 .31 -.01 .13 .20 .06 -,00 42 .65 .13
13 N 49 29 29 49 49 49 49 48 45 44 48 47
r .11 .16 .33 .26 .32 .23 .18 .14 41 47 .18 .51

L‘ PEFTS SN S

ences in the speed of spatial information processing, which im this
case represents the efficiency with which a sequence of moves can be
traced out visually and caintalned in remory. Such differences may or
may not show up in the performance measures, since students may compen-
sate for slower informatlon processing speeds with more care end slcwer
response latencles. '

Latency trends. Figure 2 shows plots of response latencies in
seconds (vertical axis) versus the numbered moves (horizontal axis) for
sampled rrobdlems for two students who performed very well on the test
as a whole and for two students who performed poorly, based on MRATE.
In 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 horizerntal axis were
not solved by the student.

The graphs shown here suggest that good prodlem solvers (Students
A and PB) had larger initial study times for Move 1. Although this
seemed to be the case for some of the good prodbler solvers, typical
inftial study times for other good problem solvers indicated that this
was not a consistent trend. Most of the latency graphs exarmined did
seem to te characterized as fcllows:

1. Generally, initial latencies were longer than the latercies
for subsequent moves.

2. Spikes 1in the graphs frequently occurred every several
moves, indicating thkat the studeat was restudyiang the prodlem
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and/or evaluating his or her progress. Although not analyzed
systematically, some student’s graphs (e.g., Student & in
Figure 2) seem to be characterized by higher spikes than
others.

3. For problems that were solved, latencies typically drepped teo
2 to 4 seconds for the last 3 to € moves, indicating that the
solution path had been discovered. This finding may be con-
sistent with short-term memory capacity research, which indi-
cates that somewhat fewer than seven chunks of information
can be maintained in short-term memory while other cognritive
resources are being allocated simultaneously (Zintsch, 1977,
p. 199).

4. Poorly solved problems often showed a conspicuous absence of
spikes or restudy points. In Figure 2 Problems 10 ard 12 for
Student C and Problem 8 for Student [ exemplified this point.
On the other hand, there were problems solved poorly 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.

Overall, some trends were suggestive, bdbut they were by no means
universal. Although perhaps providing clues to tke work styles of some
students (e.g., impulsive responding with few, if any, study points),
the latency trends appeared to be too idiosyncratic to be very usaful
from a psychometric point of view.

Relationship between Performance and Response Latencles

The correlations between the number of moves students used and the
initial and average move latencles for each problem indicated no rela-
tionship between these latency measures and performance with a single
problem. Sirilarly, when initial and mean latencies for each probdlem
were correlated with total scores (Total 2) and MRATE, no significant
correlations were found (see Appendix Tables F-5 and F-6).

Not surprisingly, problems that were not solved well took longer
than protlems solved well, as indicated by the first row of Tadle 12,
which shows the correlation of total time spent on each problem witn
the numder of moves needed (and, hence, the individual prodlem scores
Score 1 and Score 2). This relationship held for all problems except k
Prodlems 1, 3, and 127 comparison with the difficulty index in Tabdle 2

Table 12
Product-Moment Correlations Between Total Time Spent on Each Problem
and Performance Measures, by Problem

Performance L Problem
Measure 1 2 3 4 5 6 7 8 9 10 11 12 12
Individual
Problem
Score 05 61%% Q09  73%% (2hkk  42%kk  T5RX G7A%  4O%k 39k 3Rk 27 40O%%
Total 2 =12 246 =09 35%% 34%x (9 4]1%%  35%% 13 02 28%*% =14 =17 ‘
MRATE 12 -28 03 =31 =33%% <14 =37%% 31%x 30% 08 =27 =04 00

Note. Decimal points are omitted.
*Statistically different from zero at p £.05.
*4Scatistically different from zero at p¢ .0l.
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shows that the relatienship 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,

is indexed by Total 2 and MRATE, these same protlems related most high-
Y.

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

- ———— - —— o e o] e e R > i -

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 this problem type, Question 1 indicates that 40%
of the students hal never worked on this problem type, 58% had done so
a few times, and only 2% had worked such prodblems many times.

Tescriding how students are to solve these problems and enter
their moves in & sequence of computerized irstructions has certain dif-
ficulties, but the respomses 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 at all or only slightly reivous
(Question 6), and either enjoyel working on the problems or were
neutral about it (Question 8). Responses to Question 4 suggest that
the instructional sequence and experimental conditioms did not succeed
in motivating most students to try hard to solve all of the puzzles in
as few moves as possible. This less than optimal motivatiocn under
conditions where the test has no particular importance to the student
is probably more of a prodblem for tests of this type than for more

traditional psychometric measures, since each item or problem requires
more perseverance.

It 1s difficult to say how much the scores in this study were af-
fected by some students being less concerned adbout optimal performance.
However, to examine thils question with the data avalilable, the mean
total score (Total 2) and MRATE of students responding to Question 4
with "a" (mean Total 2 = .9€, pean MRATE = 5.59), "b (mean Total 2 =
1.02, mean MRATE = 4.93), and ¢ (mean Total 2 = 1.03, mean MRATE =
4.65) were compared and no significant differences found.

Question 5 indicates that about half of the students thcught the
length of the test affected their motivation. Finally, 56% of the stu-
dents thought they did fairly well on the test, 30% thcught they did
not do very well, and 10% had no idea how well they had done (Question
7). For future research with this type of test, it would be of inter-
est to have the computer ask some of these questions during actual
testing so that students’ motivation, anxiety, difficulty perception,

and confidence could bde related tec the simultaneous quality of theilr
solutions.

It is important to know to what extent a test measures priocr ex-
perience with the assigned tasks. Differences in test perforrance due
to prior experience may bde desirable c¢r undesiradle depending on the
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Table 13
Distributions of Responses to Puzzle Reaction Questions (N=50)
Question N 4
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. mno difficulty 39 78
b. a little difficulty 10 20
c¢. much difficulty 1 2
3. Which of the following best describes how difficult you thought the
puzzles were?
a. All of the puzzles were easy 3 6
b. A few puzzles were difficult, the rest were rather easy 27 5S4
c. About half the puzzles were easy and half were difficult 15 30
d. A few puzzles were easy, the rest were rather difficult 5 10
e. All 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 in as
few moves as possible 19 38.8
c. I tried to solve the puzzles, but was not very concerned about
using as few moves as possible 12 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 26 52
c. quite a bit 5 10
6. Were you nervous or uncomfortable while working on the puzzles?
a. not at all 33 66
b. somewhat 17 34
¢. very much so 0 0
7. How well do you think you did on the puzzles?
a. very well 2 4
b. fairly 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
b. I disliked it somewhat 4 8
¢. I felt neutral about it 11 22
d. I enjoyed it somewhat 26 52
e. I enjoyed it a lot 6 12
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test application. In this study, a general measure of spatial reason-
ing abdility was sought so that performasce scores would not be signifi-
cantly determined dy prior experience with any specific spatial task.

A comparison of the mean Total 2 score (.5€) and performance ratings
(5.5%) for the 20 students who reported no prior experience with this
problen 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 prod-
lems a few or many times (see Question 1) showed no significant perfor-
pance differences based on stated prior experience. Simllarly, a com-
parison of male and female mean Total Z scores (1.00 versus 1.00) and
mean ratings (5.09 versus 5.25) also showed no statistically signifi-
cant differences.

Table 14 shows the proportion of students reporting voluntary use
of various rating dimensions in their protocols while sorting the stim-
uli and the proportion of students selecting each dimension from a pre-
pared 1list 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 in the free response
voluntary protocol situation than when the prepared 1list was used.

This would be expected, since some students might not have thought to
report a dimension they might recall using when prompted later. How-
ever, the large discrepancy between these two columns for Dimensions h
(rumber of columns not matching) and i (number of rows not matchirg)
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 }
and 1 under the prepared list conditions, compared to the near absence
of these dimensions in the volunteered protocols, further suggests that
something 1ike soclal desirability responding was occuring in the pre-
pared 1ist condition.

An examination of the percentage distribution data in the last
column 1indicates these less relevant dimensions were most often report-
ed as being used in Scme or None of the problems. It seems likely that
i1f students endorsed prepared dimensions that had not actually been
used or that were not the most salient, they would endorse the Some
category rather than the All or Most categories. On the other hand,
the dimensions reported as being used most often in the voluntary pro-
tocols were, with the exception of Dimension ¢, endorsed most heavily
in the All or Most categories in the prepared list. Thus, the data
from the voluntary protoccls, ir conjunction with the All and Most cat-
egories in the frequency ratings, 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 mest salient rating dimension
vas Dimensicn a, the number of moves required to solve the puzzle
({.e., the solution path length). Ninety-three percent of the students
voluntarily reported this dimension in some form in their protocols,
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Table 14
Dimensions Used in Rating Perceived Difficulty
Percentage of Students Percentage of Time
Reporting Using the Students Reported Using
Dimension on at Least Some the Dimension in Rating
of the Problems the Problems
Voluntary Prepared
Dimension Protocols List All Most Some None
a. The number or
explication of moves 93 98 35 35 28 2
b. Whether can "see"
solution 68 100 58 28 14 0
c. Number of squares
not matching 58 91 26 30 35 9
d. Amount of time to
solve 50 93 53 26 14 7
e. Types of moves
required 50 - - - - -
f. How far apart certain
numbers were 43 86 14 30 42 14
g. How much thought
required 32 - - - - -
h. The number of columms
not matching 18 72 19 23 30 28
i. Number of rows
not matching 11 81 21 . 26 35 19
j. Location of empty
space in left pattern 7 63 16 19 28 37
k. Similarity to already
solved puzzle 2 - - - - -

1. Whether one patterm:
was in numeric order
from 1 to 15 0 39 2 2 35 60

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

and virtually all students (58%) selected the dimension in the prepared
1ist condition. The other most salient dimensions were Dimension b,
vhether the student could see the solution or not; Cimension ¢, the
nundber of squares not matching in the two patterns; Dizension d, the
tine the student felt it would take to solve the puzzle; Dimension e,
the type or nature of moves required; and Dimension f, how far apart
certain numdbers were in the two patterns. The relative rank ordering
or salience of these dimensions would be difficult to justify, since
they are not independent, and a student reporting the numder of squares
not matching in his or her protocol could have bdeen taking the distance
between squares into account as well, without explicitly reporting this
dimension.

A further question can be raised as tc whether some of these re~
ported dimensions are really rating dimensions underlying difficulty
Judgments or are actually synonyrous with difficulty itself. This
would seem to be the case with Dimenslons b and 4 in Tadle 14. If stu-
dents had been asked to rate whether ‘they could readily see the solu-
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tion” or "how much time it would take to solve the puzzle,  the rating
task might be equivalent to rating the difficulty; ana such physical
problem characteristics of each puzzle as path length and the distance
between various nurbers would predably underly these judgaents as well.
It would seem, then, that the dimensions most importarct for students in
evaluating the difficulty of these problems were the solution path
length, the number of squares not matching in the two patterns, and the
distance dimension of how far apart certain squares were in the two
patterns. Since no dimension was used for all probdlems, it seems
likely that the relative importance of each dimension varied somewhat
for each problem, depending on the particular pattern configurations to
te compared.

Individual Cifferences in Mean Perceived

Difficulty

Table 15 summarizes the mean difficulty ratings for each of the
four 15-puzzle problem sets separately. These data show that there
were substantial individual differences in the level and variation of
difficulty perceptions, even for the same prodlems. For exapple, for
Stimulus Set 1, although the average student thought the problems were
Zasy or Somewhat Easy, one student thought the average problem in the
set was Very Zasy and another thought the average problem was Somewhat
Pifficult. Individual differences in perceived difficulty of the prob-
lems within stimulus sets was also evidenced, since adout two-thirds of
the students utilized all six rating categories, but abtout one-third
utilized only the four easiest categories, and one student rated all
stimull with the two easiest categories. Without data for the same
students on an independent rating task irrelevant to the difficulties
rated here, it 1s not possidle to determine to what extent these indi-
vidual differences reflect response biases in the use of category
rating scales; bdut it seems reasonable to assume that the differences
found do indicate some true perceptual differences in perceived diffi-
culty. Eresumadly, these differences reflect ‘individual differences in
tbe ability to visualize and to maimtain 2 sequence of mowes in short-
tere pemory.

Table 15
__Individual Differences in Mean Difficulty Perception

|

Stimulus — Individual Mean Ratings. —
Set Lowest Mean Highest
1 1,12 Very Easy 2,57 Easy/Somewhat Easy 3.77 Somewhat Difficult
2 1.94 Easy 3.13 Somewhat Easy 3.82 Somewhat Difficult
3 1.69 Easy 2.63 Somewhat Easy 3.44 Somewhat Easy/
Somewhat Difficult
4 1.76 Easy 2.86 Somewhat Easy 4.12 Somewhat Difficult

That the obtained individual differences in perception seem to bde
reliadle {s suggested dy the data in Figure 3, which shows the per-
ceived difficulty ratings of four students within Problems @ and 10 as
the distance in moves from the start puzzle configuration approached
the goal puzzle cdonfiguration. These graphs were obdtained by having
students rate the difficulty of reaching the goal, not oaly from the
start configuration, but from various intermediary configurations te-
tveen the start and goal configuration. Thus, for example, in Figure
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3a 1t might be presumed that if Student S were actually attempting to
solve Problem 9, the puzzle would look Sorewhat Difficult to him or her
until he or she was about 7 moves away from the 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 ir Figure 3, the four
students shov marked consistency in how they perceived the difficulty
of different puzzle distances. For example, Student 4 perceived both
problems as easier than the mean student at all distances from the
goal, whereas Student 6 perceived both problems as more difficult than
the mean student did at all distances from the goal. Even thcugh only
a few examples of students and problems are shown in Figure 3, this
tendency for reliadle individual differences in difficulty perceptiors
wvas present in nearly all combinations of students and prodlems exam-
ined. These data suggest that if the differences in difficulty percep-
tions relate to performance, then reliable individual performance dif-
ferences in solving these problems should be cbtainabdble.

Since path length seemed to be a dominant dimension in the student
protocols, difficulty perception scale values were correlated and plot-

Figure 4
Bivariate Distribution of Perceived Difficulty
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5.40 9

Difficult

4.80 4 °

4.204

Somewhat
Difficult

3.60 4

3.00 4

Somevhat
Lasy

2.40 4

1.80 «

Rasy

Perceived Difficulty Mean Scale Value

1.20 ¢

Very
Rasy
3
a2

v L] v L] L Ld L J v v L] v L v L4 v L4 v v v v L] Ld v v v

1 3 ] 7 9 1 13 13 17 19 22 23 23

Path Length (Minisum Mumber of Moves to Solutiom)

R T ITE RN 1% YE I
i




ted agalnst path length for all 67 puzzles. Figure ¢ 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 variabdles was not strictly linear at the
right, or high, end of the plot. Although end effects must always be
considered in category rating scales, the fact that students could have
assigned higher ratings at the high end of the curve would suggest that
the flattening of the curve for long path lengths represeats a real
effect. Students apparently could not discriminate differential path
lengths greater than about 16. Perhaps a secondary rating digension,
such as the distance bdbetween numbers in the pattern or the numbder of
squares not matching in the two patterns, is important in differenti-
ating problems with longer path lengths.

Pigure 4 also provides estimates of how difficult puzzles with
different path lengths will appear to the average student when bdegin-
ning work on a problem. A puzzle perceived to be Very Easy would cor-
respond to a value on the vertical axis in Figure 4 between .5 and 1.5;

EBasy guzzles would range from 1.5 to 2.5; Somewhat Zasy, from 2.5 to
3.57 Somewhat Difficult, from 3.5 to 4.5; Difficult, from 4.5 to 5.5;

Figure 5
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and Very Difficult, from 5.5 to €.5. Solution path lengths correspond-
ing to the difficulty categories overlapped somewhat with Very Easy
ratings corresponding to puzzles requirirg 1 to 7 moves each, Easy for
puzzles of 4 to 10 moves, Somewhat Easy for puzzles ranging from 6 to
1€ moves, Somewhat Difficult for puzzles requiring 8 to 18 moves, and
Difficult for puzzles with from 16 to 26 moves. None of the puzzles

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

Figure 5 shows a plot of soluticn path lengths versus the standard
deviations of the students” category ratings. These data demonstrate
that although students tended to agree more in their difficulty percep-
tions for stimuli with short or very long solutior 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 adout 10 moves.

DISCUSSION AND CONCLUSIONS

The data suggested that four performance indices might be useful
in indexing prodlem difficulty: (1) the mean numdber of moves in the
sample, (2) the proportion of students solving a probler, (3) the pro-
portion of students solving a problem in the optimal number of moves,
and (4) the Special Difficulty Index. These four indices showed sud-
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 Lifficulty Index not only appeared to be the best
index of prodblem difficulty but also correlated lower with the solution
path length of each prodlem than the other performance indices used to
estimate prodlem difficulty. This is a desiratle situvatior, since
longer puzzles were not always the most difficult. Future research
with this problem type should consider use of some short, but liess
direct or obvious, probdlems.

The numder of illegal and repeated moves were fourd to be tooc low
énd not consistent enough for individuals across problems to be useful
performance indices, at least for this problem set and sample.

Examination of problem performance indices, the Special Difficulty
Index, and students’ perceptions of the difficulty of the test problems
indicated that with the exception of Problems S, 10, 12, and 13, the
prodlems were too easy for most students. For example, except for
these four prodlems, 70% or more of the students solved each of the
remaining problers in the minimum number of moves. It seems likely
that these highly skewed distridutions of number of moves to completion
orecluded high correlations of individual performance indices across
prodblems, since small adsolute differences in scores across problems
would be accentuated. Thus, the consistency across problems of the
sumbder of moves to completion was generally poor, with indications of
only small to moderate consistency for clusters of problems of similar
d1fficulty. It is possidle that if a more difficult set of prodlems
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that were more similar in difficulty levels were administered, better
measures of consistency ¢f performance would be obtained. The item=-to-
tal score correlations obtained for each problem suggested that it
would be possible to obtain a more discriminating subset of prodblems.
Because this was an exploratory study, however, no preselection of
prodlems was possible. Since the data suggest that better consistency
may be obdtained using prodlems of similar difficulty levels, an adap-
tive test, which tailors problems to the ability level of each student,
should increase the reliadility of measurement.

Four alternative methcds of scoring total test performance and two
methods of scoring irdividual 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 bdest, on intultive grounds, and 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. Wwhere 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), the pattern or configuration of individual prodlem perfor-
mance 1s 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 prodlem. As & result,
students are penalized more for poor performance on easier probdbleams,
relative tc the group, than they are on more difficult problems. 1In
this way students who solve the same number of problems but have dif-
ferent patterns of performance will obtailn 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. Since no such reliadle criteria were availabdle in this
study, the weaningfulness of the scores was tentatively determined by
comparing these odjective scores with judges’ performance ratings of
test performance. Strong indications of concurrent validity were
found. Those cases in which the objective score ordered students dif-
ferently than the ratings indicated that whereas the objective score
(Total 2) penalized students more than judges” ratings for poor perfor-
mance or easier prodlems, the judges penalized,students mere for not
attempting some problems (although this was not always the student’s
faultg and for doing poorly on more difficult prodlems. 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 1in both types of data.

Latencies

Mean initial and total latencies for each problem were strongly
related to scme of the performance indices of prodlem difficulty. That
i1s, the grour as a whole utilized longer initial study times and loager
total work times on more difficult problems. Similarly, problems that
took longer to solve were initially studied lonmger. The averege laten-
¢y of moves within a problem did not relate to prodlem difficulty.
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2t the level of individual performance, only total latency or
prodlem solution time was related to problem performance. Some good
probler solvers were characterized by very long initial latencies, bdut
thls tendency was not universal. Many good problem solvers did not
intlally study 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 spilkes 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 seered to characterlize good problem solvers versus poor problen
solvers well enough to be useful in scoring or-predicting individual
performance. Latencies in this study seered to confound differences in
the abdility 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 inritlal study
times, longer average times tetween moves, and longer total work times
or one prodlem showed a consistert tendency to do so on other problems
as well,

Thus, while the response latency measures were predictive of prod-
lem difficulty and indicated the existence of consistent styles of
probler-solving behavior, they did not appear to be useful in scoring
individuel performance.

Motivational and Eilographical Correlates of Perforgance

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 3€.7% of the students reported trying hard to solve all the
problems in the minirpur number of moves. Slightly more students said
they tried hard to solve most, but ngt all, of the problems. Although
zean performance differences between subgroups reporting different
levels of rotivation were not significantly different, these data plus
the fact that 52% of the students felt their motivation was affected by
the length ¢f the test indicate that total testing times may neei tc be
shorter for this type of task than for tests with more conventicnal
iter forrats.

No sex differences in performance were fourd on this test. That
rales typically show better spatial ability (Garai & Scheinfeld, 18€8;
MacCoby & Jacklin, 1674) and restructuring ability (MacCoby, 1566:
Sweeney, 15523 Terman & Tyler, 1554} Tyler, 18€%) would seem to predict
male superiority on this test. On the other hand, females have gener-

. ally been found to be less impulsive (MacCoby,19€€; Terman & Tyler,

1€S4; Tvler, 1S65) and detter in perceptual speed and fluency (Garai &
Scheinfeld, 1968). The failure to obtain sex differences with this
tvpe of task will only bde of concern c¢cnce more reliadble measurement is
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achieved. At that time, hypothesized correlates of these problems
should be examined to determine whether scores index spatial reasorning,
restructuring, impulsivity, or some other psychological variabdle.
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The most salient dimensions of perceived difficulty were the
number of roves required to solve the puzzle, the number of squares not
matching in the two patterns, and the distance dimension of how far
apart certaln squares were in the two patterns. Since no dirmension was
reported as having been used for all problems, it seems likely that the
relative importance of each dimension varied somewhat for each problerm,
depending on the particular pattern configurations.

Wher the actual values of these dimensions were coaputed for the
prodlems used in the computer—adrinistered test (see Appendix Table C),
a hypothesized rank ordering of problems by difficulty was odbtained.
These three rark orders were quite sipilar (.51 < p < .79) but were not
as consistent as the rank orderings for difficulty obtained froz per-
forrance indices such as mean number of moves, proportion of students
solving the problem, and the Special Difficulty Index (see Table 3).
Thus, although these physical dimensions may be useful as a tentative
index of prodler difficulty for use in initial protlem selection prior
tc data collection, the performance measures should provide mcre pre-
cise indices of difficulty once normative data can te obtairned.

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. Althougk possible individual
biases in the use of category rating scales carnot be discounted, the
data suggest that the individual differences found were differences in
subjective difficulties relating to individual differences in ability
to visvalize ard to maintain a sequence of moves in short-term memory.
Examination of individual difficulty perceptions across problems indi-
cated that these differences were reliable. These data suggest that if
the rellatle differences in difficulty percaptions do in fact relate to
differential abillity to visualize successful move sequences, then an
adequate selection of predlem replications skould be able to tap these
differences, resulting in reliable performance differences.

Comparison of the easy problems with the protlems that challenged
students more in the computer-administered test suggested tkhaet too rany
of the problems could bde solved in a reactive manner, that is, by re-
spouding 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 visualize a sequence of moves because
students would not find themselves in a difficult situation by not
planning ahead. The more challenging prodlems (e.g., Prebdlems §, 10,
12, and 13) were those in which a student could get im trouble by not
visualizing several moves in advance (see Appendix C). This implies
that future stulies should include mere probtlems that prevent reactive
solutions, {.e., require were planning ahead.

Comparison of the mean perceived difficulty of the predblems in=-

cluded in the computer-administered test indicated less agreerent with
actual problem difficulty than wight be expected from other studies.,
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This appeared to be due to the inability of students to differeatiate
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
& welss, 1877), adaptive administration of thnis prodbler type may not
have a motivatlional advantage. On the other hard, 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 difficulty
¢f the probdlem dbeforehand.

The percelived difficulty scale values related highly (r = .75) to
the mean initial response latency measure for the computer—-adcinistered
prodlers. This supports the idea that the students spend time tefore
their first move trying te visualize a sequence of moves, since path

length appeared to te a prirary rating dimension in determirnicg per-
ceived difficulty.

Conclusions

The results from this pilot study suggest certain imprcvements in
protlem selection and design. Future tests of this tyre should consist
of fewer dut mcre difficult prodlems, particularly these which do not
permit reactive, impulsive solutions. If individual differences in the
ability to construct an optimal sequence of moves are to te tapped,
then more problems must te designed that force the studeant tec plar
akead. More complex problems should overload the mewories of students

and shculd induce differences in strategies in manipulating the number
patterns.

If reliadle performance indices can be obtained, the process of
validating the reaning of the scores will be necessary. Do sccres re-
flect individual differences in spatial reasoning and prebdlem-solving
adbility cr in personality variables like perseverance and impulsivity?
It might also bde of interest to determine wnat infermation-processing
atilities underly perforrance on these prcblems. For example, using
Carroll’s (1974) provisional ccding scheme for cognitive tasks appear-
ing in psychometric tests, the fcilowing cognitive operations zight be
expected to underly perforrance: (1) mental rotation of spatial config-
urations in visual short-term merory, Factors S and Vz; (2) perforazing
serial orerations in visual short-term a2ercry, Factors S and Vz; and
(2) storage in and retrieval frox short-terz memory, Facter Ms.

The results reperted here suggest that reasonable indices of prob-
lem d1fficulty are odtailnabdle given an apprepriate norming sample. If
reliable and valid ability scores can te obtajned in future studies
with this item type, this type of test would seem especially approori-
ate for adaptive administration, since (1) scores on problems tailored
to the individual’s adility are mcre apt to be more highly related to
each other, resulting in total scores with higher reliadility; (2)
adaptive administration will likely improve the mectivational aspects of
the tests, whick seem more taxing ard potentially frustrating than con-
ventional item formats; and (3) equally precise measurements for most
testees can be odtained in shorter perieds of tipe than with conven-
tional test administration. Thus, the data suggest that future devel-
opment c¢f adaptive prodlem-sclving tests of the type studied here might
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result in new types of ability tests that shculd provide atility scores
to supplement those available from the paper-and-pencil administration
of typlcal adility measures.
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APPENDICES

Appendiz A:
Diagnostic Error Messages Provided by Testing System

———

Illegal Moves:

18 IS NOT A NUMBER IN TEE PATTERN. REMEMBER TO PUSH THE "SPACE
BAR FIRST IF THE NUMBER TO BE ENTERED CONTAINS ONLY ONE

L & DIGIT.

10P IS NOT A CORRECT MOVE. THE LAST CHARACTER TYPED MUST BE AN
L' Rp U. OR Do

10 ' CAN NOT BE MOVED LEFT (RIGET, UP, DOWN) FROM ITS PRESENT
POSITION.

Maximum Move Limit Reached:

YOU EAVE REACEED THE MAXIMUM NUMBER OF MOVES ALLOWED FOR THIS
PROBLEM. PLEASE CONTACT THE PROCTOCR.

Computer Lata File Error:

THE COMPUTER IS EAVING PROBLEMS. PLEASE NOTIFY THE PROCTCR.
(ERROR @6 BAS OCCURRED. IERR IS -5).

Maxioum Time Lizit Reached:

IT MIGHT EE A GOOD IDEA TO GO ON TO THE NEXT PROBLEM. PLEASE
CONTACT THE PROCTOR.




—

Appendix B: Instruction Screens

Screen 1

HELLO AND THANK YOU FOR_YOUR PARTICIPATION IN THIS STUDT.
TEE COMPUTER WILL SQON PRESENT YQU WITHE A SERIES OF PUZZLES TO WORK ON,

30T FIRST SOME INSTRUCTIONS WILL BE GIVEN TO BE SURE YOU UNDERSTAND
BOY TO USE THE TYPEWRITER EEYBOARD TO ENTER YOUR RESPONSES.
FOLLCWING THE INSTRUCTIONS YOU WILL BE GIVEN A PRACTICE PROBLEM TO
CLEAR UP ANY PROELEMS YOU ARE HAVING. IN ADDITION, IF YOU EHAVE
CUESTIONS AT ANY TIME ABOUT THE INSTRUCTIONS OR ANYTHING ELSE PLEASE
FEEL FREE TO CONTACT TEE TEST PROCTOR.

T0U MUST REMEMBER TWO THINGS IN ORDER TO TALX TO THE COMPUTER:
1. ONLY TYPE SOMETEING WHEN A MESSAGE ON THE SCREEN
IN FRONT OF YOU TELLS YOU TO DO SO AND A QUESTION
MARK (?) APPEARS.
2. EACH TIME YOU TYPE A RESPONSE ON THE KEYBOARD
TEE COMPUTER DOES NOT RECEIVE IT UNTIL YOU PRESS
THE "RETURN  KEY. . .
NOW THE FIRST TEING YOU MUST DO IS FIND TEE "RETURN
KEY, TEIS KEY IS THE LARGE RECTANGULAR EKEY ON THE
RIGET END OF THE KETBOARD. PRESS TBE SPACE" BAR AT THE BOTTOM OF THE
KEYBOARD AND THE "RETURN™ KBY T0 CONTINUE THE INSTRUCTIONS.

?
*

Screen 2
1 2 3 4 1 2 3
5 6 7 8 5 6 7 4
918 11 910 11 8
12 13 14 15 12 13 14 15

IN EACH OF THE PUZZLES OF THE TYPE SEOWN HERE YOUR TASK IS TO
TYFE IN A SEQUENCE OF "MOVES"™ TO CHANGE THE PATTERN OF NUMBERS
CN TBE LEFT UNTIL IT MATCEES THE PATTERN ON THE RIGHET. A "MOVE"
CONSISTS OF 3 TYPEL CHARACTERS FOLLOWED BY THE RESURN KEY. THE
FIRST 2 CHARACTERS TELL THE COMPUTER WHICH NUMBER 1IN THE
FATTERN ON THE LEFT YOU WANT TO MOVE. THE THIRD CHARACTER

(WBICE YOU WILL BE TOLD ABOUT SHORTLY) TELLS THE COMPUTER WHAT
CIRECTION YOU WANT TO MOVE THE NUMBER.

IF TEE NUMBER YOU WISE TO MOVE BAS 2 DIGITS YOU SHOULD TYPE
THE 2 DIGITS ON TEE KEYBOARD. IF THE NUMBIR YOU WISE TO MOVE

EAS ONLY 1 DIGIT YOU SHOULD TYPE THE SPACE BAR ONCE AND THEN THE
IESIRED DIGIT. THUS, THE TWO DIGIT NUMBERS 10 T0 15 CAN BE TYPED
IN DIRECTLY, WHILE THE 'SPACE’ BAR MUST BE TYPED FIRST WITEH

THE NUMBERS 1 T0 9. . )

FRESS TEE "SPACE" EAR AND "RETURN" TO CONTINUE.

*




Sereen 3
1 2 3 ¢ 1 2 3
5 € 7 8 ’ 5§ € 7 4
S 10 11 S 106 11 8
12 13 14 15 12 13 14 1S

AS MENTIONED ABOVE THE THIRD CHARACTER IN YOUR "MOVE™ TEBLLS THEE

COMPUTER WEAT DIRECTION TO MOVE THE NUMBER IN THE LEF? PATTERN.

NUMBERS CAN ONLY BE MOVED INTO THE SPACE IN THE SQUARE PATTERN

WHICH IS NOT OCCUPIED BY A NUMBER. YOU TELL THE COMPUTER VWHICH

TIRECTION TO MOVE TEE NUMBER BY TYPING ONE OF THE FOLLOWING 4 LETTERS:
L - IF YOU WANT TO MOVE A NUMBER 70 THE LEFT ONE SPACE

R - IF YOU WANT TO MOVE A NUMBER TO THE RIGET ONE SPACE
U - IF YOU WANT TO MOVE A NUMBER UP ONE SPACE
D - IF YOU WANT TO MOVE A NUMBER LOWN ONXE SPACE

THUS, IN THE PATTERN SHOWN HERE THE FOLLOWING 4 MOVES ARE
FOSSIBLE: 10R, 11L, 14U, OR <SPACE BARD>7L. ANY OTHEIR MOVE
WOULD BE ILLEGAL ANC RESULT IN A REMINDER MESSAGE BEING
FRINTED _BY THE COMPUTER. FOR EXAMPLE, YOU COULD NOT TRY 70 MOVE
THE "11" SQUARE TO THE RIGHT ONE SPACE SINCE ALL MOVES MUST
STAY WITHIN THE SQUARE PATTERN.

ERESS THE "SPACE" AND "RETURN™ TO CONTINUE INSTRUCTIONS.

Screen 4

IF YQU HAVE MADE A LEGAL MOVE THE COMPUTER WILL AUTOMATICALLY
AND VERY QUICKLY UPIATE THE PATTERN ON THE LEFT WHERE

YOU ARE MAKING YOUR MOVES. IF YOUR MOVE IS NOT LEGAL A
MESSAGE WILL BE PRINTED UNDER YOUR MOVE AND YOU SHOULD TRY
AGAIN WHEN THE COMPUTER TELLS YOU TO IO SO.

IF7 YOU ARE EAVING DIFFICULTY UNDERSTANDING THE INSTRUCTIONS
SO FAR PLEASE CALL THE PROCTOR. OTHERWISE PRESS THE SPACE™
EAR AND "RETURN  TO CONTINUE THE INSTRUCTIONS.

?
*

Sereen §

SUPPCSE YQU MAKE A MISTAKE TYPING SOMETHING INTO THE
COMPUTER. YOU CAN CORRECT A MISTYPED CHARACTER AT ANY
TIME BEFORE YOU PRESS THE RETURN KBY. BY PRESSING THE
BACKSPACE™ KEY WHICE IS LOCATED IN THE TOP RIGHT CORNER
OF THE KEYBOARD YOU WILL "BRASE” THE LAST CHARACTER YOU
TYFED. T0 ERASE THE LAST TWO CEARACTERS YOU TYPED PRESS
THZ BACKSPACE" LKEY TWICE AND SO ON.
APTER PRESSING "BACKSPACE" TER CORRECT CHARACTER CAN THEN
BE TYPED IN. REMEMBER TO PRESS THE RETURN KEY TO SEND
THE CORRECTED CHARACTERS T0 THE COMPUTER.

TO SEE HOW THEE "BACKSPACE™ VWORKS TRY TYPING THE MOQVE ‘14D’
CN THEE KEYBOARD. THEN CEANGE TEE ‘D° T0 A ‘U’ BY PUSHING THE
"BACKSPACE™ KIY ONCE AND THEN THEE CORRECT LETTER ‘U°.

FINALLY, PRESS THE "RETURN ™ KEY TO SEND YOUR CORRECTED MOVE TO
TEZ COHPUTER.

?

P IFTTIIE U 2% TX ‘
i Saansiinencsbin kel .
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Screen 6

YQU ARE NOW ALMOST READY TO BEGIN WORKING. FIRST, HOWEVER, WE NEXD
SOME INFORMATION ABOUT YOQU.

THE RESULTS OF THE PROBLEMS YOU WILL WORK ON WILL BE

STRICTLY CONFILENTIAL. WE ARE INTERESTED IN YOU AS PART

CF A LARGER GROUP, AND AT NO TIME WILL YOUR SCORES BE
CONNECTED WITH YOUR NAME.

BUT WE NEED IDENTIFICATION SO THAT WE CAN KEEP YOUR ANSVWERS
SEPARATE FROM OTHER PEOPLE’S AND SO TEAT WE CAN COMPARE TEE
RESUITS OF THESE SCCRES WITH ANY OTHER DATA CONTRIBUTED BY
YOU AT AN EARLIER OR LATER TIME.

FLEASE TYPE YOUR FIRST NAME (JUST YOUR FIRST NAME THIS TIME),
gND THEN "RETURN™,

*x

Sereen 7

PLEASE TYPE YOUR MIDDLE INITIAL (ONE LETTIB ONLY).
IF IOU DO NQT HAVE A HIDDLE NAME, TYPE A "7,
LON’T FORGET TO PRESS RETURN .

7

*

Scereen 8

PLEASE TYPE YOUR LAST NAME AND PRESS "RETURN .
?
=

Sereen 9

PLEAS§ gYPE YOUR SIX OR SEVEN DIGIT STUDENT IDENTIFICATION NUMRER
ANTC RETURN .

IF YOU DO NOT REMEMBER YOUR IDENTIFICATION NUMBER AND DO NOT

EAVE IT WITE YOU CALL THE PROCTOR FOR A SUBSTITUTE IDENTIFICATION
NUMBER.

?
=

Sereen 10

NOW WE WOULD LIKE TC XNOW A FEW THINGS ABOUT YOU. IF
THE QUESTION DOES NOT APPLY TO YOU OR_TOU DON ‘T WANT TO
RESPOND, TYPE IN A QUESTION MARK AND RETURN .

' ;LIASE TYPE YOUR AGE AND PRESS "RETURN .

; *

Sereen 11

WYEICH S3X ARE YOU?
" 1. FEMALE
2. MALE
gYPE TBE CORRECT NUMBER AND PRESS "RETURN",

»

' ‘l
™ YR T . i ittt il - .
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Sereen 12

FLEASE TYPE THE NUMBER CORRESPONDING TO YOUR YEAR IN SCHOOL:
1. FRESHMAN
2. SOPHOMORE
3. JUNIOR
4. SENIOR
5. GRADUATE STUDENT
6. OTHER

DON’T FORGET TO PRESS "RETURN".

?
*

Screen 13

LISTED BELOW ARE SEVERAL OF THE COLLEGES WITHIN THE UNIVERSITY.

1. COLLEGE OF LIBERAL ARTS (CLA)

2. COLLEGE OF AGRICULTURE

3. COLLEGE OF EIOLOGICAL SCIENCES

4. COLLEGE OF BUSINESS ADMINISTRATION

S. COLLEGE OF EDUCATION

€. GENERAL COLLEGE

7. COLLEGE OF HOME ECONOMICS

8. INSTITUTE OF TECHNOLOGY

9. SCHOOL OF FORESTRY

19. UNIVERSITY COLLEGE

11. COLLEGE OF VETERINARY -MEDICINE

12. GRADUATE SCEOOL

13. LAW SCHOOL

14. OTHER
PRESS THE NUMBER OF THE SCHOOL IN WHICE YOU ARE ENROLLED AND
THEE RETURN XEY.

?
-

Scereen 14

WEAT IS YOUR RACE?

1. AFRO-AMERICAN (BLACK)

2. MEXICAN-AMERICAN

3. PUERTO-RICAN

4. OTHER LATIN AMERICAN

5. ORIENTAL OR ASIAN=-AMERICAN

6. NATIVE-AMERICAN (INDIAN)

7. WEITE

8. OTEER ) )
TYPE THE NUMBER THAT GIVES YOUR RACE, AND PRESS "RETURN".

?
»




Sereen 15

IN WHICH CATEGORY IS YOUR CUMULATIVE GRADI-POINT AVERAGE (GPA)?
3.76 T0 4.00

3.51 T0 3.75

2.26 T0 .50

3.91 170 3.25

2.7€ T0 3.00

2.51 T0 2.75

2.2€ T0 2.50

2.91 T0 2.25

2.00 OR LESS " . .

TYPE THE CATEGORY NUMBER ( “1” TEROUGE "S" ) AND PRESS "RETURN™.

?
*
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Sereen 16

YOU ARE NOW REALY TO TRY A PRACTICE PROBLEM.

IN THE PRACTICE PROELEM AND TEE ACTUAL PROBLEMS TO FOLLOW
AN IMPORTANT GOAL IN TRYING TO MAKE THE PATTERN ON THE LEFT
MATCH THE PATTERN ON THE RIGHT IS TO DO SO WITHE AS

FEW MCVES AS POSSIBLE. YOUR PERFCRMANCE WILL BE DETERMINED
NOT ONLY BY WHETHER YOU ARE ABLE TO MATCH THE TWO PATTERNS
RUT AISO BY EOW FEW MOVES IT TAKES YOU TO DO SO.

THERE IS NO TIME LIMIT ON ANY OF THE PUZZLES BUT TRY TO

USE YOUR TIME WISELY WEILE STILL TRYING TO USE AS FEW MOVES
AS PCSS1BLE. TRY TO COMPLETE EACE PROELEM. IF, HOWEVER, YOU
HAVE WORKED A LONG TIME ON A SINGLE PROBLEM AND FEEL YOU CAN NOT
SOLVE IT CONTACT THE PROCTOR WHO WILL GET THE COMPUTER TO
FRESENT THE NEXT PROBLEM.

4 SUMMARY CF HOW TO TYPE IN YOUR THREE CHARACTER MOVE

AS DESCRIBED EARLIER WILL BE PRESENTED WITH EACH PUZZLE

AS A REMINDER.

IF YOU EAVE ANY QUESTIONS ABOUT WHAT YOU ARE SUPPOSED
TO DO CALL TEE PROCTOR. OTHERWISE PRESS TEE SPACE
EAR AND RETURN KEY TO BEGIN YOUR PRACTICE PROBLEM.

?
*
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Appendiz D:
Instruction and Recording Booklet for Perceived Difficulty Rating Study

Directions

Thank you for your participation. 1In this study, you will be asked to
sort certain puzzles into piles based on how difficult they appear to you.
Although you will not actually solve the puzzles yourself, you will need to
know how they would be solved so that you can estimate how difficult they
would be. All the puzzles will be of the type pictured here.

Make your moves in this pattern Try to match this pattern
1 2 3 4 1 2 3 4
5 6 7 5 9 6 7.
8 9 10 1 8 13 10 11
12 13 14 15 12 14 15
Figure 1

The way 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 blank square in the left pattern. For example,
to solve this particular puzzle (Fig. 1) one must make 3 "moves" as follows:

Move 1

First, by moving the "9" up one square in the left pattern, we obtain
the following new patternm: ‘

12 13 14 15

Figure 2

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

1l 2 3 4
5 9 6 7
8 13 10 1
12 14 15
Figure 3 b

RSN J
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Move 3

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.

8§ 13 10 11

12 14 15

Figure 4

If at this point you do not understand how these puzzles are solved,
please contact the proctor before reading on.

You will be presented with a number of these puzzles of varying difficulty.
Your task is to study each puzzle and, keeping in mind how such puzzles are
solved, estimate how difficult each puzzle would be. You should do this using
the following steps. You should complete each step before going on to the
next step. If you have any questions don't hesitate to contact the proctor.

Step 1 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 Easv, Easv,
Very Easv.

There is no requirement that 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 vou
feel provides the best description of how difficult it would be to solve
the puzzle. You should try to make your initial placement as accurate as
possible but you are free to change the location of any puzzle you wish if
you change your mind 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 pile to place it into.

A few of the puzzles contain a puzzle number and the message "Provide
your reason(s)" on the top. For these puzzles, you should write down the
puzzle number shown, the pile in which you placed it, and the reason(s) for

why you are sorting the puzzle into that pile. Use the space provided just
below for cthis purpose.

For example, if you feel the puzzle would be "vervy easy" to solve then
place the card in the "very easy" pile and explain why you think it would be
"very easy" to solve next to the puzzle number on the Data Sheet. Do not




—— o — =

just write a reason like "Because it is solved very easily or very easily
or very quickly." Explain how you decided to would be very easy, that {is,
on what basis did you decide to sort it intc the "very easy" pile.

Provide ur reason(s

Puzzle Number Assigned Pile Reason(s) for sorting into the Pile vou Did

Step 2 - Record sorting results

Each puzzle card has 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 puzzles for any category.

Very Difficult] Difficult | Somewhat Difficult | Somewhat Easy| Easv {Verv Easv

Step 3 - Subdividing the 6 piles

Examine the puzzles you have sorted into each pile in Step 2. You may
feel that not all puzzles in a given pile seem equally difficult to you even
though they can all be described as ''very difficult", or "somewhat easy" for
example. If you feel this is the case, subdivide the puzzles within each of
the original piles into as many smaller sub-piles representing different
degrees of difficulty as you can. Only create more subpiles if you feel
you can distinguish differences in difficulty between the puzzles in a given
pile. If you cannot differentiate the difficulty of the puzzles within a
given pile then do not subdivide the pile any further. Continue subdividing
the piles until you can no longer differentiate the difficulty of the puzzles
in each pile. During this step you should only compare and subdivide
puzzles within each of the original six piles serarately. Do not switch
puzzles from one of the original 6 piles to another one, for example, from
"Easy" to "Very Easy".

If, when you have completed this step you have been able to subdivide
any of the original 6 categories, list the card numbers in each pile in the
space provided below. When you list the subpiles always put the hardest puzzles
within a category in subpile 1, the second hardest puzzles in subpile 2, and so on.




-

. —— e

Very Difficult] Difficult |Somewhat Difficult| Somewhat Easv vy {Very Easy

subpiles subpiles subpiles subpiles . subpiles
1 2... 1 2 ... 12 ... 1 2 ... 1 1 2 ...

— — —

Step 4

Please answer the following questions as completely as possible.

Your name

Your student jdentification number _

3. Before today, how often had you tried to solve the kind of puzzle you
were asked to estimate the difficulty of in this study?

a. nunever
b. a few times
c. many times

4. How much difficulty did you have understanding what you were supposed
to do in this study?

a. no difficulty
b. a little difficulty
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”, "somewhat difficult”, "somewhat easy", "easy", and "very easy"?
YES NO
If so, wvhat were they?
Very difficult -
Difficult -
Somewhat difficult -
Somewhat easy =~
Easy -

Very easy -
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6. If you were able to subdivide 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 within a pile were more difficult than others?

7. If you did not subdivide any of the original 6 piles, try to explain
why you could not do so.

8. How often did you use each of the following considerations in
deciding how difficult a puzzle would be:

a. The number of "moves" required All Most Some None (of the puzzles)
to solve the puzzle .

b. The number of '"numbers" which All Most Some None
did not match in the two patterns

c. Whether in one of the patterms All Most Some None "
the numbers were in numeric
order from 1 to 15

d. Bow far apart certain aumbers All Most Some None "
were in the two puzzles

e. The number of rows in the two All Most Some None "
patterns that did not match

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

g. The number of columns in the

two puzzles that did not match All Most Some None "
h. Whether you could "see" the All Most Some None "

actual sequence of moves that
would be needed to solve the
problem

i. The amount of time it would All Most Some None "
take to solve the problem

9. Did the length of this study affect your ability to perform the tasks
required?

a. not at all
b. somewhat
¢. quite a bit

-b‘\\"\‘_"' ‘




How did you feel about working on this study?

a. I disliked it a lot

b. I disliked it somewhat
c. I felt¢neutral about it
d. I enjoyed it somewhat
e. I enjoyed it a lot

Any further comments?

I , . L PR  AP RO ~“«b*§3\"- .
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Appendix E:
Sample Subject Protocols of Each Reported Dimenstion

of Perceived Difftculty

The number of moves required to solve the puzzle or an explication of the
actual moves needed:

"It only took a few moves"

"The '12' and '13' will go around cormer into place, others look
like they will move easily"

Whether subject could "see' the actual sequence of moves that would be
needed to solve the problem (no number of explication of the moves
provided):

"I can work this out just at a glance--its obvious"

"I see logical moves"

The number of squares ("numbers") which did not match in the two patterms:

"All numbers—-same location, except for '3' in bottom right hand
corner"

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

The amount of time it would take to solve the problem:

"Took 10 seconds to solve"

"Took a while to see the pattern"

The type of moves required to solve the puzzle:

"Some complicated moves must be made"

"Tricky or misleading moves"

"Needed a combination of movements of sets of numbers including
moving number that was in correct spot to allow for other
movements, then replacing at end"

How far apart certain numbers were in the two puzzles:

"Don't move numbers very far"

"Numbers in some cases move a great distance"

How much thought was required to solve the problem:

"Required lots of thought"

"I had trouble keeping all the moves in my head"

The number of colummns not matching in the two patterns:

"Because you only have to deal with two of the four columns"

The number of rows not matching in the two patterns:

"Two rows match already"

The location of the 'empty space' in the left pattern:

"Will require using the right columns because it contains the
open space"

Similarity to an already solved or rated puzzle:

"This puzzle easier since it resembles one already solved"

Whether either the left or the right pattern was in numeric order from
1 to 15:

there were no examples of this dimension in the voluntary protocols
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