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Problem-solving performance with task overload:
Effects of self-pacing and trait anxiety

RICHARD E. MAYER
University of California, Santa Barbara, California 93106

Ninety-two subjects solved a series of problems without enough time to finish and worked either at a
pace and in an order determined by the experimenter (experimenter-paced) or at their own pace and
order under self-administered time deadlines (self-paced). Self-pacing resulted in superior performance on
rote and poorer performance on cognitive problems relative to experimenter-paced groups. Self-pacing
had no effect on low-anxious subjects but increased performance for high-anxious subjects, and
high-anxious subjects performed better on rote and poorer on cognitive problems relative to low-anxious
subjects. Practical and theoretical implications were discussed.

In solving a set of problems without enough time to
finish (i.e., task overload), performance may be influ-
enced by whether subjects work on each problem in an
order and for a time period completely controlled by
the experimenter (E-paced) or at their own pace and
order with self-administered time deadlines (S-paced).
Three important questions, suggested by careful re-
views of the related literature (Atkinson & Raynor,
1974; Levitt, 1967) are: (1) Does self-pacing produce
different effects for different types of problem tasks—
what is performed best under self-pacing? This ques-
tion is informed by the interaction between pacing and
task, such as the classic finding that stress has a negative
effect on complex or difficult responses relative to
easier or simpler responses (Eriksen & Wechsler, 1955;
Patrick, 1934). (2) Does self-pacing have different
effects for subjects with different levels of trait anxiety—
who performs best under self-pacing? This question is
informed by the interaction between pacing and anxiety,
such as the typical finding that high-anxious subjects
tend to work more poorly under time pressure relative
to low-anxious subjects (Morris & Liebert, 1969;
Siegman, 1956). (3) Does the subject’s level of trait
anxiety have different effects for different problem
tasks—who performs what best? This question is in-
formed by the interaction between anxiety and task,
such as the typical finding that anxiety has a negative
effect on complex or difficult tasks relative to simpler
or easier ones (Harleston, 1962; Korchin & Levine,
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1957; Montague, 1953). The present study attempted
to increase the generalizability of existing findings with
respect to these interactions by examining more com-
plicated problem tasks than the traditionally used tasks
of discrimination performance, list learning, and ana-
grams; by using a motivational manipulation (i.e.,
self-pacing) that more closely approximates the cir-
cumstances of the overburdened worker; and by using a
more recent measure of anxiety rather than the tradi-
tionally used Manifest Anxiety Scale (Taylor, 1953)
and Test Anxiety Questionnaire (Mandler & Sarason,
1952).

EXPERIMENT 1

Method

Subjects and design. Twenty subjects were recruited from the
Human Performance Center subject pool and were paid $2
for the 1-h session. Half the subjects received the S-paced treat-
ment and half did not (E-paced), but all subjects attempted to
solve the same series of cognitive and rote problems.

Materials. Eight problem tasks, seven of which were adapted
from French’s (1963) Kit for Cognitive Reference, were typed
on separate sheets of paper. Four tasks were considered to be
clerical or “rote”: (1) target search for all the letter “a’s™ in a
600-word passage, (2)identity judgments for 100 pairs of
numbers, (3) 100 multiplication and subtraction problems
with two-digit numbers, and (4) 60 division and addition prob-
lems with two- and three-digit numbers. Four tasks were con-
sidered to be general reasoning or “cognitive”: (1) 64 figural
concept-formation items, (2) 15 oddity problems, (3) 32 two-
term deductions (from Baddeley, 1968), and (4) 15 three-term
deductions. In addition, a wooden rack with eight slots, a large
electric timer, and a stopwatch were used.

Procedure. Subjects were randomly assigned to treatment
groups (either S- or E-paced) and run individually. For the S-
paced condition, each subject was introduced to all eight tasks,
told he would have a total of 25 min to work on them as in-
dicated by the timing clock, told he could proceed in any order
and return to unfinished tasks, and was allowed to work a
maximum of 3 min on each problem. For the E-paced group,
the problems were presented in an order determined by the
experimenter (randomized by a Latin square); after 3 min of
work on the first problem, that problem was over and the
next problem was worked on for 3 min, and so on.
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Table 1
Proportion Correct Response for Two Pacing Groups by Type
of Problems: Experiment 1

Type of Task
Pacing Treatment Rote Cognitive
Self-Paced (Overload) 56 59
Experimenter-Paced 49 .66

Results

The proportion of correct responses by type of task
for the two treatment groups, shown in Table 1, was
obtained by averaging the number correct divided by
the total possible for each of the four tasks of each type.
Although an analysis of variance revealed no overall
effect due to pacing [F(1,32)=1.00, p=ns.], there
was a significant two-way interaction of Pacing by
Problem Type [F(1,22)=5.67, p<.05], with S-paced
subjects performing better on rote and worse on cog-
nitive tasks relative to E-paced subjects.

EXPERIMENT 2
Experiment 2 examined the second question.

Method

Subjects and design. Twenty-four paid subjects were re-
cruited from a pool of University of Michigan students who had
previously taken the State-Trait Anxiety Inventory (STAI)
(Spielberger & Gorsuch, 1966). A 2 by 2 between-subjects de-
sign was used, with the factors being anxiety (high vs low score
on the STAI) and pacing (self- vs experimenter-pacing).

Materials. Eight problem tasks, adapted from traditional
oneanswer problem-solving puzzles, were typed on separate
sheets of paper. The tasks were to generate a 4 x 4 Latin square,
to arrange a 3 x 3 magic square (from Schuh, 1968), to solve
a complex anagram (from Tresselt & Mayzner, 1966), to connect
nine dots with four consecutive lines (from Schuh, 1968), a
Katona (1940) card trick, a Katona (1940) matchstick problem,
a variation of the Luchins (1942) water jar problem, and a geo-
metric puzzle (from Schuh, 1968). In addition to the other
materials used in Experiment 1, there were eight loud-ticking
chess clocks arranged on tiers for each of the eight problems.

Procedure. Subjects who scored below 15 (out of 66) or
above 25 on the trait anxiety scale of the STAI were randomly
assigned to treatments, and run individually. The same procedure
was used as in Experiment 1 except that all subjects were in-
structed they would receive a bonus for good performance,
and a 10-min limit was imposed on each task; for S-paced
subjects, there was a 50-min overall limit indicated on the large
timing clock, and there were individual 10-min-limit clocks for
each problem which subjects started when working on the
problem and stopped when changing to another.

Results

Proportion correct solutions and average solution
time for the eight items (unsolved items were assigned
a solution time of 600 sec) are shown in Table 2 for the
four groups. An analysis of variance revealed that
S-paced subjects solved significantly more problems than
the E.paced group [F(1,20)=1435, p<.005] and
high-anxious subjects solved significantly more problems

than the low-anxious group [F(1,20)=5.29, p<.05].
A significant Anxiety by Pacing interaction [F(1,20) =
735, p<.025] is reflected in the observation that
self-pacing had no effect on low-anxious subjects but
greatly improved performance for high-anxious subjects.
The results with respect to solution times closely shadow
these findings; however, only the main effect of stress
reached a statistically reliable level [F(1,20)=5.72,
p <.05].

An analysis of the distribution of solutions over the
solution period shows that the S-paced/high-anxious
subjects performed relatively well during the latter
half of the period, on problems rated most difficult
by the other groups. For example, proportion correct
at the halfway point were: S-paced/high anxiety, .56;
S-paced/low anxiety, .56: E-paced/high anxiety, .38;
E-paced/low anxiety, .38.

Supplemental Study

In order to replicate the surprising finding that high
anxiety was an asset in stressful problem-solving situa-
tions, four new subjects scoring low in anxiety were
matched for Mathematics SAT score with four new
subjects scoring high in anxiety, and were given the
self-pacing treatment described in Experiment 2. As in
Experiment 2, high-anxious/S-paced subjects averaged
85% correct solutions and 311 sec/solution, while low-
anxious/S-paced subjects averaged 56% correct and
396 sec/solution (t=3.86, df=6, p <.01, for propor-
tion correct; t=1.44, df=6, p=ns., for solution
time).

EXPERIMENT 3

Experiment 3 examined the third question and
attempted to replicate and extend the findings of a
Pacing by Task interaction in Experiment 1 and Pacing
by Anxiety interaction in Experiment 2.

Method

Subjects and design. Forty paid subjects who had previously
taken the STAI were recruited from the Human Performance
Center subject pool. A 2 by 2 factorial design was used for
between-subjects factors, namely pacing (self- vs experimenter-
pacing) and anxiety (high vs low anxiety); since all subjects
received the same problems, type of problem (rote vs cognitive)
served as a within-subjects factor.

Materials. Eight problems—each having a single criterion for

Table 2
Proportion Correct Response and Average Time Per Solution
for Two Pacing Groups by Anxiety Level: Experiment 2

Proportion Average Time
Correct (Sec)
Level of Anxiety Level of Anxiety
Pacing Treatment Low High Low High
Selif-Paced (Overload) .69 94 334 277
Experimenter-Paced .67 .65 363 382
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completion, as in Experiment 2, rather than a series of short
items, as in Experiment 1 —-were typed on separate sheets of
paper. Four of the problems were adapted from the rote prob-

0, 3

lems of Experiment 1: (1) target search for 80 letter *‘a’s,
(2) identity judgments for 40 mismatched number pairs,
(3) chain of multiplications and subtractions totaling one num-
ber, and (4) chain of divisions and additions totaling one number.
The four cognitive problems were the same as those used in
Experiment 2: (1) anagram, (2) water jar, (3)card trick,
(4) matchstick. The same clocks and holders were used as in
Experiment 2, and a preexperimental questionnaire was con-
structed.

Procedure. Subjects were randomly assigned, except for the
constraint of matching groups for average SAT-M score, and run
individually. The S- and E-paced conditions were the same as in
Experiment 2, including the 10-min/problem time limits.

Results

Data for solution times and proportion correct
response were recorded and analyzed as in Experi-
ment 2, and are shown in Table 3. An analysis of the
results with respect to solution times revealed: (1)a
superiority of S-paced subjects over E-paced subjects
[F(1,32)=3.00, p<.10] and low-anxiety subjects over
high-anxiety subjects [F(1,32)=15.78, p<.001}];
(2) the same pattern of Pacing by Task interaction as in
Experiment 1, with the S-paced group performing
better on rote and slightly worse on cognitive problems
relative to E-paced subjects [F(1,32) =5.64, p <.025];
(3) the same pattern of Pacing by Anxiety interaction
as in Experiment 2, with self-pacing having no effect
on the average solution time of low-anxious subjects
but having a positive effect for high-anxious subjects
[F(1,32) =296, p<.10]; (4)a pattern of Anxiety by
Task interaction in which high- and low-anxious subjects
performed at about the same rate for rote problems but
the high-anxious group performed much worse relative
to the low-anxious group on cognitive problems
[F(1,32)=14.13,p <.001].

The results with respect to proportion correct re-
sponse show the same general patterns as above; how-
ever, only the Anxiety by Task Type interaction reached
statistically reliable levels [F(1,32)=15.78, p <.001].
There was no evidence, in any case, of a three-way
interaction of Pacing by Anxiety by Task Type (F <1)
for time and proportion correct.

Table 3
Proportion Correct Response and Average Time Per Solution
for Four Pacing by Anxiety Groups by Type
of Task: Experiment 3

Proportion Average Time
Correct (Sec)
Cogni- Cogni-

Rote tive Rote tive

Pacing by Anxiety Group Task Task  Task Task
S-Paced/High Anx (Overload) 95 52 388 438
S-Paced/Low Anx (Overload) 91 75 419 354
E-Paced/High Anx .80 40 486 465
E-Paced/Low Anx a1 .82 455 316
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As in Experiment 2, an analysis of the distribution
of solutions over the total solution period shows that,
relative to E-paced/high-anxious groups, the S-paced/
high-anxious subjects performed particularly well during
the latter half of the solution period, especially on more
difficult “cognitive” problems. For example, propor-
tion correct at the halfway point were: S-paced/high
anxiety, .40; S-paced/low anxiety, .38; E-paced/high
anxiety, .31; E-paced/low anxiety, .31.

DISCUSSION

The Pacing by Task interaction (Experiments 1 and 3) and
the Anxiety by Task interaction (Experiment 3) help extend
traditional findings to a new area. In addition, these findings are
only partially consistent both with Spence’s (1960) “drive
level” view—that stress energizes well-learned responses more
than complex responses—and with Sarason’s (Sarason, Davidson,
Lighthall, Waite, & Ruebush, 1960) “situational reaction”
view—that subjects learn situational reactions to stress which
may interfere more with complex performance than with well-
learned performance. The most surprising finding, represented
by the Pacing by Anxiety interaction (Experiments 2 and 3),
is most consistent with Sarason’s “situational reaction” concept;
apparently, high-anxious subjects may begin by reacting to
self-pacing in task-rrelevant ways but eventually react by main-
taining momentum as the session continues.

REFERENCES

AtkiNsoN, J., & RAYNoR, J. Motivation and achievement.
Washington: Winston, 1974.

BADDELEY, A. D. A 3-min reasoning test based on grammatical
transformation. Psychonomic Science, 1968, 10, 341-342.

Eriksen, C. W., & Wecnusiter, H. Some effects of
experimentally induced anxiety upon discrimination
behavior. Journal of Abnormal and Social Psychology,

1955, 51, 458-463.
FrReENcH, J. W. Kit of reference tests for cognitive factors.
Princeton, N.J: Educational Testing Service, 1963.
HARLESTON, B. W. Test anxiety and performance in problem

solving situations. Journal of Personality, 1962, 30,
557-573.
Katona, G. Organizing and memorizing. New York:

Columbia University Press, 1940.
KorcHIN, S. J., & LEVINE, S. Anxiety and verbal learning.

Journal of Abnormal and Social Psychology, 1957, 54,
234-240.
Levrrr, E. E. The psychology of anxiety. Indianapolis:

Bobbs-Merrill, 1967.

LuchiNs, A. S. Mechanization in problem solving: The effect
of einstellung. Psychological Monographs, 1942, 54
Whole No. 248.

MANDLER, G., & SarasoN, S. B. A study of anxiety and
learning. Journal of Abnormal and Social Psychology,
1952, 47, 166-173.

MonTAGUE, E. K. The role of anxiety in serial rote learning.
Journal of Experimental Psychology, 1953, 23, 91-95.

Morris, L., & LieBert, R. Effects of anxiety on timed and
untimed intelligence tests. Journal of Consulting and
Clinical Psychology, 1969, 33, 240-244.

Patrick, J. R. Studies in rational behavior and emotional
excitement: II. The effect of emotional excitement on
rational behavior in human subjects. Journal of
Comparative Psychology, 1934, 18, 153-195.

SARrAsoN, S. B., Davipson, K. S., LicaTBALL, F. F., WAITE,



286 MAYER

R. R., & RueBuss, B. K. Anxiety and elementary school
children. New York: Wiley, 1960.

ScHUR, F. The master book of mathematical recreations. New
York: Dover, 1968.

SiEGMAN, A. W. The effect of manifest anxiety on a concept
formation task, a nondirected learning task, and on timed
and untimed intelligence tests. Journal of Consulting
Psychology, 1956, 20, 176-178.

Seence, K. W. Behavior theory and learning. Englewood
Cliffs, N.J: Prentice-Hall, 1960.

Se1eLBERGER, C. D., & GorsucH, R. L. Mediating processes

in verbal conditioning. Vanderbilt University Technical
Report, 1966.

TAYLOR, J. A. A personality scale of manifest anxiety. Journal
of Abnormal and Social Psychology, 1953, 48, 285-290.

TresseLT, M. E., & MayzNer, M. S. Normative solution
times for a sample of 134 solution words and 378 associated
anagrams. Psychonomic Monograph Supplement No. 15,

1966, 1, 293-298.

(Received for publication November 22, 1976.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




