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ABSTRACT: In September 1997 we reported on a comprehensive
proficiency test administered to three groups of professional docu-
ment examiners (105 individuals). Each test-taker performed 144
pairwise comparisons of origina handwritten documents and
matched together pairs that in his’/her opinion were generated by
the same hand. The test was also administered to a control group
of nonprofessionals (41 individuals) whose educational profile was
similar to that of the tested professionals. These nonprofessionals
were motivated through a monetary incentive plan ($25 gain for
each correct match; $25 fine for each erroneous match; $10 fine
for failure to match documents created by the same hand). In this
paper, we report on a subsequent study, aimed to discover whether
changes in the monetary incentive scheme would affect the perfor-
mance of nonprofessionals, and whether these schemes would close
the performance gap between professionals and nonprofessionals.
We administered the 1997 test again, this time to four groups of
nonprofessionals (132 subjects), using four different incentive
schemes (including the one used originally). We found that the four
sets of data obtained under different incentives were indistinguish-
able, in the sense that differences between the test scores were
not statistically significant. We conclude that the performance of
nonprofessionals in our proficiency test was relatively insensitive
to the monetary incentive scheme.
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The capabilities of forensic document examiners continue to be
atopic of great interest in the forensic literature and in the courts
(1-6). While many articles and court briefs have been written on
the subject, the only controlled tests on proficiency of questioned-
document examiners were reported by us in 1994 (5) and 1997
(6). The 1994 test was a small-scale pilot study involving seven
professional document examiners and ten nonprofessionals. The
1997 test was a full-scale comprehensive study, involving 105
professionals and a control group of 41 nonprofessionals. The pres-
ent paper is an extension of the 1997 study with three interrelated
objectives:
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(i) toexaminewhether (and to what extent) monetary incentives
affect the scores that nonprofessionals achieve on the 1997
proficiency test;

(ii) torespond to vigorous criticism presented in court proceed-
ings (1-3) of the monetary incentives used in the 1997 test
[eg. (1), M Denbeaux’s testimony, pp. 296—299]3; and

(iii) to discover those monetary incentives that, if they exist,

“‘narrow thegap’’ between the scores of professional docu-
ment examiners and of nonprofessionals.

In order to achieve objectives (i)—(iii), we have readministered
the 1997 comprehensive document-matching test to four groups
of nonprofessionals, using a different monetary incentive scheme
for each group. The incentives were devised to encourage different
patterns of response and to span the space of awards and penalties
for different decisions. We wanted to know whether changes in
monetary incentives would €licit significant changes in scores of
the tested individuals.

Monetary Incentivesin Skill Testing

Designers of skill tests are naturally interested in employing
motivated and interested subjects. This is equaly true for test-
takerswhose skills are measured, and for the control group. Specif-
icaly, lack of motivation in the control group may cause poor
performance not indicative of true skills.

Developing proper motivation for test subjects is, however, a
difficult goal. It iswidely recognized that *‘ studies on the motiva-
tion of experimental subjects, taken together, seem to suggest that
human subjects are too complex and diverse to describe by simple
models, presuming good, bad or anxious subjects”’ (7).

Not surprisingly, thereisno consensusin the research-methodol -
ogy and applied-psychology literature on the ‘‘correct’’ way to
assign rewards and punishmentsin skill tests and visual tests (e.g.,
(8) and its references). While money is widely recognized as a
good motivator, lack of monetary resourcesled many experimental
psychologists to use unpaid student volunteers or assign skill tests
to the ** captive audience’”’ of students in their classes (9,10). An

3M. Denbeaux and others offered the conjecture that the monetary
incentives used in (6) somehow encouraged *‘ betting’’ by nonprofessional
test-takers. No empirical evidence was presented to substantiate this con-
jecture. We provide in the Appendix an excerpt of Prof. Denbeaux’s testi-
mony on this subject in (1).
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extensive review of relevant journals* shows that test-per-course-
credit is the most popular method used by experimentalists. When
pay was used, several different pay incentive schemes were
employed, quite often involving token sums ($5 for responding to
a survey (11), $20 for one day of work (12), $75 for training
sessions over 15 days (15)). Paying methods varied significantly
from study to study, and experimenters seldom explained in their
written articles the rationale behind the chosen payment scheme.
Most studies that used monetary incentives paid a flat fee (e.g.,
(12,12)) or an hourly fee (e.g., $5/hour in (13)). Some studies paid
aflat fee plus performance-based bonuses. In (14) participantsin
a cognitive ability test were paid a $25 flat fee plus a fee of $15
for good performance. In (15) trainees received $75 each for 15
days of training, and competed for three bonuses of $100, $60,
and $40. In (16) participants in a traffic information test received
$5/hour plus performance-related bonuses and penalties in the
range of $15.

The new tests described below are much more substantive than
the ones described in the literature in that the monetary incentives
are much more substantial, and that several different incentives
are experimentally compared.

The Task

Asin (6), the test was to associate origina handwritten docu-
ments from a package of six documents (the unknown package),
with original handwritten documents in a separate package of 24
documents (the database). A total of 6 X 24 = 144 comparisons
were needed in order to complete atest. A test-taker wasto declare
a‘‘match’’ between two documents only if in his/her opinion both
documents were created by the same writer. With the exception
of monetary incentives, we have used the same documents, meth-
ods, and instructions that were used in (6).

The Test Takers

We have selected a homogeneous group of students of ages
19 to 21, recruited primarily from the sophomore class of Drexel
University’s College of Engineering. About 87% of these students
require financial aid during their studies at the college. Members
of this group are therefore likely to be highly sensitive to monetary
incentives of the kind that our tests offered.

Method

We have tested 132 individuals in four groups (of 33, 33, 32,
and 34 individuals). There were two testing sessions, one on a
““leisurely’” Saturday morning inthe middle of the winter academic
term, and one on a ‘‘busy’’ Thursday evening before a Friday
deadline for two major homework assignments. Four distinct sets
of test instructions were used, describing four different incentive
schemes. The decision on which incentive each test-taker would
receive was made at random a few minutes before the test started.
Asin (6), test-takers received explicit oral explanations of the task
and the test, and they had an opportunity to ask questions. No a
priori information about the distribution of the documents, thetests,
or their writers was revealed.

4 Journal of Experimental Psychology: Learning, Memory, and Cogni-
tion; Journal of Experimental Psychology: Human Perception and Perfor-
mance; Journal of Applied Psychology: Memory and Language; Human
Factors.
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The Incentives

Four incentive schemes were provided. We use the following
notation:

Ho: null hypothesis, the document in the database and the doc-
ument in the unknown set do not match;

H,: aternative hypothesis, the document in the database and
the document in the unknown set do match; and

Cij: penalty in US dollars for accepting H; when H; is true
(negative penalties are monetary gains for the partici-
pants).

Incentivel COO = O COl = 10 ClO = 25 Cll = _25
Incentive |1 Coo =0 Co]_ =25 C]_o =25 Cll = =25
Incentive Il Coo =0 Co]_ =5 ClO = 50 C]_l —-25
Incentive |V Participant receives $100 at the beginning of thetest,
then
Coo =0 COl =25 C]_o =25 C]_l =0

All incentives had a gain floor of $25—if the overall reward
based on these penalties was less than $25, the participant received
$25.

Incentive 1—Exactly the one used in (6). It is intended to
encourage correct matches (gain of $25), discourage wrong
matches (penalty of $25), and discourage failuresto match (penalty
of $10). It therefore discourages failures to match in a milder way
than it discourages wrong matches.

Incentive 2—Provides the same monetary penalty for a wrong
match ($25) as for a failure to match ($25); it rewards correct
matches to the same extent ($25) that it penalizes for an error.

Incentive 3—Provides a high penalty ($50) for a wrong match,
and a light penaty ($5) for a failure to match, with a medium
reward ($25) for acorrect match. It isintended to strongly discour-
age wrong matches and encourage participants to be cautious.

Incentive 4—Provides a significant monetary incentive ‘‘up
front,”” then penalizes equally for both types of error. The idea
was to see whether the risk of losing theinitial reward will change
the behavior of the test-taker.

Criteria for Comparison

We use same scoring criteria used in (6) (with the exception of
the earning ratio criterion, which became irrelevant once different
monetary incentives were introduced.)

Criterion 1: Number of Wrongly Associated Documents

We have assigned to each test-taker a score based on the number
of unknown documents that he/she associated wrongly with data-
base documents. The score 0 was given to examiners that associ-
ated no unknown document wrongly with a database document.
The score 6 was given to examiners that wrongly associated all
six unknown documents with database documents.

Criterion 2: Hit Rate

We scored individuals by hit rate = m/n, where m = number
of correct matches declared by the individual, and n = number
of matches that existed in the individual’s test.
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TABLE 1—The P-rank method for assigning grades for performance.
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TABLE 2—Values of the KS statistic, D.

l1vs. 2 1vs.3 1lvs. 4 2vs 3 2vs. 4 3vs. 4

wrong 0.1515 0.1619 0.0642 0.1600 0.1248 0.2261
association rate

Hit Rate 0.1515 0.1515 0.1230 0.1515 0.0980 0.1489

P(H,|D1) 0.1515 0.1638 0.0695 0.1600 0.1337 0.1710

P-rank 0.1818 0.2396 0.1025 0.1335 0.1319 0.1710
Critical Value  0.3348 0.3374 0.3323 0.3374 0.3323 0.3350

Criterion 3: Probability that an Association Declaration
is Correct

We have scored all test-takers in terms of the ratio of correct-
matching decisionsto thetotal number of matching decisions[P(H,
is the correct hypothesis | H; was the declared correct) or
P(H1[Dy)].

Criterion 4: P-rank

We developed a grading scheme, called a performance rank (or
P-rank) based on the different types of errors observed in our test.
This scheme divides the test-takers into ten different sub-groups,
based on the severity and number of errors observed. The grading
scheme is described in Table 1.

Hypotheses Tested

Using these four criteria, we tested seven hypotheses.

Hypothesis Tests 1-6

(Corresponding to incentive pairs (i, j) = (1, 2), (1, 3), (1, 4),
(2, 3), (2, 4), and (3, 4)).
We test

» H: there is no difference between the scores collected from
the group that had incentive i and those collected from the group
that had incentive j; against the hypothesis that

» K: thereisadifference in the scores collected from the group
that had incentive i and the group that had incentive j.

Hypothesis Test 7
We test

» H: thereis no difference in the scores collected from the four
groups of nonprofessionals; against the hypothesis that

» K: there is a difference in the scores collected from the four
groups of nonprofessionals.

We have used the Kolmogorov-Smirnov (KS) two-sample test
for hypotheses 1-6 (17, p. 127, 18, section 3.9.3). For hypothesis
7 we have used both the Birnbaum-Hall (BH) k-sample test (19,
p. 382, 20) and the Kruskal -Wallis (KW) one-way analysis of vari-
ance by ranks (17, chapter 8, 18, section 3.9.5). In presenting
results from these tests we follow the notation in (6).

Results of Hypotheses Testing
Hypotheses Tests 1-6

Table 2 shows the KS statistic, D. The critical value of D for
a significance level of 0.05 is shown in the last row of Table 2.
Since none of the values in Table 2 exceed the critical value, we
accept H for al criteria and all pairs of incentive schemes. An
alternative way to analyze theresultsisto examinethe‘‘ p-values”
associated with scores Table 3; these are the probabilities of obtain-
ing, under hypothesis H, larger values than the observed scores).
Both approaches lead to the same conclusion. The differences
between the data produced by any two test-taker groups that
had different incentive schemes ar e not statistically significant.

Hypothesis Test 7

Table 4 shows the BH statistic T, as well as the probability p
of obtaining, under hypothesisH, alarger value of the statistic than
the observed value (calculated by the iterative scheme proposed in
(20)). We clearly accept H. The data produced by the four
groupsthat wer e given different incentives exhibited no statis-
tically significant differences.

The main conclusion of our study istherefore that the incentives
did not induce statistically significant differences in the perfor-
mance of the non-experts. Additional testing found no significant
differences between the data from the ** Saturday group’’ and the
“*Thursday group.”’

Performance of Professional and Nonprofessional
Test-Takers

The primary objective of the present study was to quantify the
effect of incentives on the performance of nonprofessionalsin doc-
ument examination. However, we are afforded an opportunity to

TABLE 3—p-values for the KS statistic, D, as given in Table 2.

lvs.2 1vs.3 1lvs 4 2vs.3 2vs. 4 3vs 4

wrong 0.8017 0.7498 1.0000 0.7626 0.9424 0.3259
association rate

Hit Rate 0.8107 0.8178 0.9486 0.8178 0.9952 0.8275
P(H1|D4) 0.8107 0.7369 1.0000 0.7626 0.9050 0.6790
P-rank 0.6015 0.2690 0.9916 0.9147 0.9133 0.6790

TABLE 4—BH statistics for the four groups of nonprofessional test-

takers.
BH satistic (T) p Decision
wrong 0.2261 0.768131 DO NOT REJECT H
association rate
Hit Rate 0.1515 0.996453 DO NOT REJECT H
P(H;|D1) 0.1710 0.977039 DO NOT REJECT H
P-rank 0.2396 0.677348 DO NOT REJECT H
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TABLE 5—Performance of three tested groups.

Wrong  Average Std. Dev.
Association  Time, Time,
Hit Rate Rate min min
““New’’ nonprofessionals 0.811 0.227 0:49 0:19
“*Old"’ nonprofessionals (6) 0.877 0.383 0:58 0:24
Professionals (6) 0.879 0.065 1:32 0:30
Ideal 10 0.000

compare the present test-takers (‘‘new’’ nonprofessionals) to the
test-takers that we have examined beforein (6) (‘*old”’ nonprofes-
sionals), and to compare both groups to the professionals from (6).
Table 5 shows the absolute performance of three groups along
with the average and standard deviation of the time they have spent
on the tests.
Performance is shown in terms of the pair of probabilities:

 Hit Rate: probability that a match was declared given that a
match existed (i.e., P (accept H|H; is true), idealy 1.0, higher
scores signify better performance); and

» Wrong Association Rate: probability that an unknown docu-
ment was wrongly matched to a database document, ideally 0.0,
lower scores signify better performance.

As we have explained in (6) these probabilities are linked and
they should be always considered together.
We came to the following conclusions:

1. Boththe‘‘old’’ nonprofessionals and the *‘new’’ nonprofes-
sionals perform significantly worse than the professionals;
and

2. the *‘new’’ nonprofessionals have a lower (i.e., worse) hit
rate, and lower (i.e., better) w.ar. when compared to the
‘‘old’”’ nonprofessionals.

The second conclusion is consistent with the general tendency
of the ““new’’ nonprofessionals to make fewer matching declara-
tions of any kind (right or wrong) compared to the *‘old’’ non-
professionals. With fewer matching declarations, the wrong
association rate of the ‘‘new’’ nonprofessionals improved, but the
hit rate worsened.

Conclusion

We have tested data produced by four groups of nonprofession-
alswho took the proficiency test described in (6) under four differ-
ent monetary incentives. There were no statistically significant
differences between the data produced by the four groups, leading
us to conclude that the details of monetary penalty/reward scheme
did not play a significant role in affecting the proficiency scores
of nonprofessionals. The nonprofessionals performed the same
regardless of incentive scheme, and exhibited markedly inferior
performance (in termsof thelinked pair hit rate and wrong associa-
tion rate) compared with that of the professional document exam-
iners tested in (6).

Appendix

Criticism of Monetary Incentivesin (6)
The following is an excerpt from testimony by M. Denbeaux in
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US vs. Martin (1, pp. 296—-299). Questions (Q) are by Ms. L. C.
Matucci, Assistant US Attorney. Answers (A) are by Professor
M. Denbeaux.

A: ... wealso know that there are some methodological questions
I have with the incentive system dealing with the college students,
and | think that could lead to some—

Q: Based upon your experience as a law professor?

A: No. Actually it's dealing with my experience as a college stu-
dent myself and the parent of three others. That if my children
were told here is the test and here’'s how you make money, you
get paid $25 if you are right on each match, you lose $25 if you
are wrong, and if every time you get in equipoise, it's very close,
you're not sure, but you know that if you say I’'m not sure you
are going to lose $10, and if you say—and you gamble and you
say you areright, you have a chance to make $25, so it's a guaran-
teed loss of $10, it'sapossible loss of $15 more and it's a possible
winning of $25, | have at least two of my children who would
take that bet every time.

Q: Dr. Kam was very clear about the fact that there was a bottom
line as far as the amount of money that the participants in the
examination could lose.

A: Well, actually he said they could never lose money, they could
only make—but they could make $25. But he did say that in his
incentive system in his advertisements he projected that they could
make as much as $100 to $200 for an hour’ s work. Well, you can’'t
make $100 to $200 for an hour’s work unless you put some bets
down and try to make some matches.

Q: So you are saying that you think these people were just betting
on Dr. Kam’s tests or guessing to make some money?

A: No, | didn't say guessing. | am very sure that where it was
clearly—knowing my children, and at |east two of them are bettors
and my daughter is probably not—

Q: Well, regardless of what you—

A: Well, excuse me. Let me just—without relating to my children,
I think it's very likely that they would divide it up with a triage
system. Where they are sure it's a match, they’d say it's a match.
Where they are sure it's not a match, they would say it wasn’t a
match. But in that middle area where it's very close and they are
not sure, the economic incentives of that system—and Dr. Kam
himself said that he had never taken into account the psychology
of the people doing it—would lead students to make bets in favor
of trying to make a match. That seems to me—

Q: Am | understanding you are saying that Dr. Kam's study is
flawed because of the incentive system that was used here?

A: Yes, dthough | think it's very hard to come up—

Q: Thank you.

A: —with a matching incentive system.

The court: Let him finish his answer, please.

The witness: | think it's very hard to come up—as Dr. Kam and
| have discussed, it's very hard to come up with a perfect incentive
system for nonprofessionals.

References

1. United Statesvs. JamesMartin. United States District Court, North-
ern District of Georgia, Case No. 1:96-CR-287(s).

2. United States vs. Douglas Lambert. United States District Court,
Middle District of Florida, Case No. 93-139-Cr-Orl-19.

3. United Statesvs. Curtis Evans, United States District Court, West-
ern District of Pennsylvania, Case No. 96-167.

4. Hansen M. Handwriting Analysis Under Fire. Am Bar Assoc J,
1997;83(5)76-8.



1004

5.

10.

11.

12.
13.

JOURNAL OF FORENSIC SCIENCES

Kam M, Wetstein J, and Conn R. Proficiency of professional docu-
ment examiners in writer identification. J Forensic Sci 1994;39:
5-14.

Kam M, Fielding G, Conn R. Writer identification by professiona
document examiners. J Forensic Sci 1997;42(5):778-86.
Singleton SA, Straits BC, Straits MM. Approaches to socia
research. New York: Oxford University Press, 1993;200.

Smith RL, Lucaccini LF, Epstein MH. Effects of monetary rewards
and punishments on vigilance performance. J Appl Psychol 1967,
51(5):411-6.

Lupker SJ, Brown P, Colombo L. Strategic control in naming tasks:
changing routes or changing deadlines? J Exp Psychol Learn Mem
Cogn 1997;23(3):570—90.

Chan D, Schmitt N. Video-based versus paper-and-pencil method
of assessment in situational judgement tests: subgroup differences
in test performance and face validity perceptions. J Appl Psychol
1997;82(1):143-59.

Wanberg CR, Andecedents and outcomes of coping behaviors
among unemployed and reemployed individuals. J Appl Psychol
1997;82(5):731-44.

Horowitz |A, ForsterLeeL, Brolly |. Effects of trial complexity on
decision making. J Appl Psychol 1996;81(6):757—68.

Downing PE, Treisman AM. A line-motion illusion: attention of
impletion? J Exp Psychol Hum Percept Perform 1997;23(3):
768-79.

14.

15.

16.

17.
18.
19.
20.

Chan D, Schmitt N, DeShon RP, Clause CS, Delbridge K. Reac-
tions to cognitive ability tests: the relationships between race, test
performance, face validity perceptions, and test-taking motivation.
J Appl Psychol 1997;82(2):300-10.

Arthur W, Day EA, Bennett W, McNelly TL, Jordan JA. Dyadic
versusindividual training protocols: 1oss and reaquisition of acom-
plex skill. J Appl Psychol 1997;82(5):783—-91.

Kantowitz BH, Hanowski RJ, Kantowitz SC. Driver acceptance of
unreliable traffic information in familiar and unfamiliar settings.
Hum Factors 1997;39(2):164—76.

Siegel S. Nonparametric statistics for the behavioral sciences. New
York: McGraw Hill, 1956;127-36,184—94.

SachsL. Applied statistics—a handbook of techniques. New Y ork:
Springer Verlag, 1984,

Conover WJ. Practical non-parametric statistics. New Y ork: Wiley,
1980.

Birnbaum ZW, Hall RA. Small sample distributions for multi-sam-
ple statistics of the Smirnov type. Ann Math Stat 1960;31:710—20.

Additional information and reprint requests:
Moshe Kam

Data Fusion Laboratory

Electrical and Computer Engineering Department
Drexel University

Philadelphia, PA 19104



