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A review of results obtained from standard guilty and innocent treatment conditions in 14 mock crime 
studies of the control question polygraph technique revealed accuracies ranging from chance to 100% 
correct. The present study examined several factors that may have contributed to the observed vari- 
ability in detection rates across studies. Those included sampling error, differences in the populations 
from which subjects were drawn (Subjects), differences in the nature of incentives provided to sub- 
jects for passing the polygraph test (Incentives), and differences in the methods for diagnosing truth or 
deception (Decision Policy). A meta-analysis revealed that approximately 24% of the variance in 
detection rates could be attributed to sampling error, and detection rates were correlated with types of 
Subjects (r = .61), Incentives (r = .73), and Decision Policies (r = .67). The highest diagnostic 
accuracies were obtained from nonstudent subject samples, when both guilty and innocent subjects 
were offered monetary incentives to convince the examiner of their innocence, and when conven- 
tional field methods were used for interpreting the physiological recordings and diagnosing truth and 
deception. Together, differences in Subjects, Incentives, and Decision Policies may account for as 
much as 65% of the observed variance in detection rates. The present findings highlight the impor- 
tance of conducting mock crime experiments that closely approximate field conditions. 

INTRODUCTION 

In  r ev i ewing  the l i te ra ture  on  the accu racy  of  field po lygraph  t echn iques ,  the 
Off ice of  T e c h n o l o g y  A s s e s s m e n t  (OTA) (1983) s u m m a r i z e d  the  r e su l t s  of  14 

m o c k  cr ime expe r imen t s .  T h e y  repor ted  that a ccu racy  rates  ob t a ined  u n d e r  labo-  
ra to ry  cond i t i ons  were  genera l ly  grea ter  than  chance ,  bu t  there  was cons ide rab le  

var iab i l i ty  in the accu racy  rates  ob t a ined  by  different  inves t iga tors .  A c c u r a c y  of  
dec i s ions  on  subjec ts  who were  guil ty of  mock  cr imes  ranged  f rom a low of  71% 

cor rec t  (Szucko  & K l e i n m u n t z ,  1981) to a high of  100% cor rec t  (Dawson ,  1980; 
G i n t o n ,  Ne t ze r ,  E l aad ,  & B e n - S h a k h a r ,  t982;  R a s k i n  & H a r e ,  1978). E v e n  
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greater variation occurred for innocent subjects. Accuracy of decisions on inno- 
cent subjects ranged from 49% correct (Szucko & Kleinmuntz, 1981) to 97% cor- 
rect (Kircher & Raskin, 1982). Furthermore, the percentage of subjects correctly 
identified as truthful or deceptive in the laboratory experiments (61%) was more 
than 20% lower than that obtained from actual criminal suspects in the field 
studies (82%) (OTA, 1983). The present study explored the possibility that the 
observed differences in detection rates may be related to differences in the extent 
to which the research paradigms employed by different investigators were repre- 
sentative of field conditions. 

In the typical mock crime experiment, subjects are randomly assigned to 
guilty and innocent treatment conditions. Subjects in the guilty condition commit 
a mock crime, such as the theft of an object of value from a place that the subject 
ordinarily would not frequent. Innocent subjects are given a general description 
of the crime but do not enact it. Subjects in both conditions are told to deny 
having committed the theft. They may be promised a reward if they can convince 
the polygraph examiner of their innocence, or they may be threatened with pun- 
ishment if they cannot. After acting out the instructions, the subject is given a 
polygraph examination by an experimenter who is blind with respect to the sub- 
ject 's  guilt or innocence. 

The mock crime paradigm overcomes many of the problems and limitations 
of field research on polygraph techniques (Podlesny & Raskin, 1977). As com- 
pared to field settings, laboratory environments offer greater control over extra- 
neous variables, testing contexts, instrumentation, and the qualifications and ex- 
pertise of polygraph examiners. Since the subjects in a laboratory experiment are 
assigned to guilty and innocent treatment conditions, the accuracy of the poly- 
graph technique may be assessed by comparing the test outcomes to the actual 
truthful or deceptive status of subjects (ground truth). 

In field studies ground truth is rarely known with certainty. Inferences drawn 
from confessions or physical evidence obtained subsequent to field polygraph 
examinations may be used as criteria against which polygraph outcomes may be 
compared, but the validity of such criteria is open to question (Raskin, in press). 
Since field studies employ fallible criteria for establishing the veracity of criminal 
suspects in lieu of ground truth, they generally have less criterion validity than do 
laboratory experiments (OTA, 1983). 

Although laboratory paradigms offer many advantages over field research, 
the accuracies obtained in mock crime experiments may not be representative of 
the accuracies obtained in the field (Lykken, 1981; Podlesny & Raskin, 1977). 
There may be important differences between individuals who agree to participate 
in psychological experiments and those who submit to polygraph examinations 
during criminal investigations. The consequences of failing the polygraph exami- 
nation and the motivations of subjects to appear truthful on the test are typically 
greater in the field than in the laboratory. There may be important differences 
between the laboratory and field in terms of the amount of experience and the 
qualifications of those who administer the tests, interpret the physiological re- 
cordings, and render diagnoses of truth and deception. 

The present study examined three factors that may affect the generalizability 
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of results obtained from mock crime experiments. One variable concerned differ- 
ences in the populations from which the subjects were drawn. Most mock crime 
experiments have used college students as subjects. College students constitute a 
relatively homogeneous group with respect to age, intelligence, educational back- 
ground, socioeconomic status, and level of socialization. Compared to the gen- 
eral public, college students are more familiar with the academic settings in which 
mock crime experiments usually are conducted. Students may have some general 
understanding of the goals of behavioral research and may feel more comfortable 
playing the role of an experimental subject. The artificial nature of the mock 
crime paradigm may be more evident to the student than in the nonstudent sub- 
ject. Such perceptions may reduce the subject's personal involvement in the out- 
come of the test and produce a psychological context that is substantially dif- 
ferent from that which surrounds the polygraph examination of a person who is 
suspected of committing a criminal act. 

In an attempt to obtain samples that are more representative of the popula- 
tion criminal suspects, some experimenters have recruited subjects from the com- 
munity (e.g., Podlesny & Raskin, 1978; Rovner, Raskin, & Kircher, 1978). Others 
have sampled from the target population of individuals who commit crimes, such 
as psychopathic and nonpsychopathic prison inmates (Raskin & Hare, 1978) or 
psychopathic exoffenders (Hammond, 1980). 

The subject's motivation to appear truthful on the polygraph test may also 
play a role in the outcome. Guilty and innocent subjects who undergo polygraph 
examinations in actual criminal cases are highly motivated to convince the poly- 
graph examiner of their innocence. Depending on the circumstances, a deceptive 
polygraph outcome may result in the loss of prestige, a job, money, or even arrest 
or imprisonment. It is generally agreed that the typical mock crime paradigm does 
not completely simulate the qualitative and quantitative aspects of the motiva- 
tional structure of the typical field polygraph examination (Lykken, 1981; Pod- 
lesny & Raskin, 1977). 

The closest approximation to a realistic situation was achieved in a study 
conducted in Israel. Ginton et al. (1982) admiilistered required aptitude tests to 21 
Israeli policemen. The policemen were permitted to score their own tests, which 
gave them an opportunity to alter their answers. Unknown to the policemen, the 
answer sheets had been chemically treated so that it was possible to determine 
who had actually cheated on the test. Subsequently, the policemen were to!d that 
they were suspected of cheating and were asked to take a polygraph test. They 
were also led to believe that their professional careers might depend on the out- 
come of the test. Of the 15 policeman who agreed to be tested, 2 had actually 
cheated on the test. Since the police officers were unaware that they were sub- 
jects in an experiment, it is reasonable to assume that the investigators succeeded 
in creating a realistic motivational context for the polygraph examinations. 

The least realistic incentives for passing the polygraph test were used by 
Szucko and Kleinmuntz (1981). They simply told the psychology undergraduate 
volunteers who served as subjects that "intelligent and welI-adjusted ~' indi- 
viduals can pass the test without being found guilty. Bradley and Ainsworth 
(1984) offered guilty subjects a $1.00 cash incentive to pass the test, but no at- 
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tempt was made to motivate the innocent subjects. Barland and Raskin (1975) 
threatened college students in the innocent condition with the loss of college 
credit if they failed the test and promised guilty subjects a $10 bonus for passing 
the test. 

Bradley and Janisse (1981) threatened guilty and innocent subjects with a 
"painful but not permanently damaging electric shock" if they failed the test. 
However, comparisons between their threatened and nonthreatened control sub- 
jects revealed that the threat of punishment had no effect on detection accuracy. 
In the remaining studies, guilty and innocent subjects were offered some type of a 
reward such as college credit (e.g., Honts, Hodes, & Raskin, 1985) or a monetary 
bonus (e.g., Podlesny & Raskin, 1978) for producing a truthful outcome on the 
test. 

The amount of physiological data provided to the polygraph interpreters for 
making diagnoses also varied across experiments. In an attempt to control for the 
amount of data provided to the interpreter, the OTA examined the accuracy of 
judgments based on a maximum of three charts of physiological data for each 
subject. However, in one experiment (Szucko & Kleinmuntz, 1981), judgments of 
truth and deception were based on only one chart, and in other studies (e.g., 
Kircher & Raskin, 1982a) examiner judgments were based on as many as five 
charts. Although there may be some justification for attempting to standardize 
the amount of data provided to the polygraph examiners, decisions in field set- 
tings are not always based on three or fewer charts, and there is no requirement 
that decisions be reached in every case. In a typical field polygraph test, the 
examiner presents the series of test questions three times, evaluates the first 
three charts of data, and attempts to make a decision. If a decision cannot be 
reached at that point, one or two additional charts may be obtained and evalu- 
ated. If the polygraph examiner is unable to reach a diagnosis after evaluating as 
many as five charts of data, the test is considered inconclusive. 

Instead of controlling the number of polygraph charts evaluated by the poly- 
graph interpreters, the present study explicitly considered the extent to which the 
number of charts provided to the interpreters fulfilled the requirements of stan- 
dard field practice. Each experiment was categorized according to whether or not 
the methods of chart interpretation and decision rules employed by practicing 
field examiners were accurately represented in the experiment. That procedure 
used all of the available physiological data and permitted an examination of the 
effects on accuracy rates attributable to violations of conventional methods of 
chart interpretation and decision rules. 

The classification strategy described above is confounded with another vari- 
able, the effects of which cannot be adequately assessed with the available data. 
Field polygraph examiners use one of two general methods for diagnosing truth 
and deception. In the oldest approach, the polygraph examiner forms a global 
impression of the subject's physiological responses to test questions (Reid & 
Inbau, 1966). To reach an overall determination of truth or deception, that infor- 
mation is combined in some unspecified manner with evaluations of the case facts 
and the subject's demeanor during the test. 

The other general diagnostic approach is known as numerical scoring 
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(Raskin, 1982). The numerical method attempts to minimize the influence of ex- 
trapolygraphic sources of information on the decision maker and to maximize the 
reliability of examiner judgments. Physiological responses to test questions are 
systematically scored, the obtained scores are summed, and the subject is classi- 
fied as truthful, deceptive, or inconclusive by comparing the total numerical score 
to standard criteria. 

Global evaluations of the polygraph charts were performed in two mock 
crime experiments (Ginton et al., 1982; Szucko & Kleinmuntz, 1981). However, 
the Reid-trained examiners and student-trainees in the Szucko and Kleinmuntz 
study were not provided with the nonphysiological sources of information on 
which they had been trained to rely; their decisions were based on only one chart 
of data rather than three or more charts, and they were required to render a 
definite decision in every case. As a consequence, the use of global evaluators in 
the Szucko and Kleinmuntz study was confounded with the use of arbitrary deci- 
sion rules. 

Both global and numerical evaluations of the physiological data were per- 
formed in the study by Ginton et al. (1982). However, from their description it is 
not clear whether the polygraph examiners had been trained in global or numer- 
ical methods of evaluation, or both. Also, of the 15 subjects who participated in 
their experiment, only two were guilty of cheating. In view of the limited number 
of subjects in the Ginton et al. study and the constraints placed on the inade- 
quately trained polygraph examiners in the Szucko and Kleinmuntz study, these 
two studies do not clearly represent outcomes obtained by global methods of 
evaluation. A direct comparison of the accuracies of global and numerical inter- 
preters in a field study may be found in Raskin, Barland, and Podlesny (1978). 

The OTA study found considerable variability in reported levels of diagnostic 
accuracy across studies, but it made no attempt to analyze that variability. The 
present study used procedures described by Hunter, Schmidt, and Jackson (1982) 
and Glass (1976) to perform a recta-analysis of the observed variability in detec- 
tion rates. According to Hunter et al., much of the variance in results obtained by 
different studies may be attributed to statistical artifacts such as sampling error, 
differences in the reliability of measurement and the range of independent vari- 
ables, and computational and typographical errors. Various applications of their 
techniques in the area of personnel selection revealed that the first three artifacts 
accounted for 72% of the variance in research findings, and approximately 60% of 
the total variance could be explained by sampling error alone (Schmidt & Hunter, 
1981). 

Hunter et al. suggested that if more than 75% of the variance in research 
findings is due to the effects of sampling error, errors of measurement, and range 
restriction, then the search for substantive differences among the studies (moder- 
ator variables) is unwarranted. However, the present meta-analysis assessed only 
the effects of sampling error because the available information was insufficient to 
assess errors of measurement, and the range of the independent variable was held 
constant by limiting the analysis to standard guilty and innocent treatment condi- 
tions, as discussed below. Since only sampling error was considered, a modifica- 
tion of the 75% decision rule seemed appropriate. Following suggestions by 
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Peters, Hartke, and Pohlmann (1986), we decided not to search for moderator 
variables if sampling error accounted for more than 60% of the observed variance 
in detection rates among the 14 studies. 

M E T H O D  

Literature Base and Case Selection 

Sixteen mock crime studies of the control question technique were found in 
the literature. Two of those studies were omitted from the present analysis be- 
cause an index of diagnostic validity could not be computed when only guilty 
(Widacki & Horvath, 1978) or only innocent subjects (Heckel, Brokaw, Salzberg, 
& Wiggins, 1962) participated in the experiment. 

Some of the variance in the detection rates reported in the OTA study may be 
attributed to effects of experimental treatments (e.g., training in the use of phys- 
ical countermeasures) that had been implemented in some experiments but not in 
others. In the present study, that source of variance was removed by limiting the 
analysis to control subjects and to subjects who had received experimental treat- 
ments that had no significant effect on the accuracy of diagnoses. That require- 
ment resulted in the loss of 93 (11%) of the total number of 858 subjects who had 
participated in the 14 experiments. However, it substantively corrected the range 
of treatments to standard guilty and innocent control conditions. 

Assessments of Diagnostic Accuracy 

An index of diagnostic accuracy was obtained for each study by correlating 
the judgments by the polygraph interpreters (coded as 1 for truthful decisions, 0 
for inconclusive, and - 1 for deceptive decisions) with the criterion of guilt or 
innocence (coded as 1 for innocent subjects and - 1 for guilty subjects). An ob- 
tained correlation of 0.0 would indicate that there was no relationship between 
the judgments made by the polygraph interpreter and the criterion, and a correla- 
tion of 1.0 wound indicate that the judgments of truth and deception were per- 
fectly accurate. 

Our use of the correlation coefficient is based on the assumption that there is 
an underlying order to the polygraph interpreters' judgments, with inconclusive 
outcomes being treated as intermediate values along a truthful/deceptive con- 
tinuum. Although inconclusive outcomes may be viewed as failures of the tech- 
nique and their occurrence would reduce the value of the correlation coefficient, 
they would not be weighted as heavily as false positive or false negative decision 
errors. Thus, the correlation coefficient provides a measure of detection effi- 
ciency that is consistent with the real-world consequences of various types of 
polygraph outcomes. Furthermore, procedures for performing a meta-analysis 
were originally developed for analyzing variability among correlation coeffi- 
cients, and the present method for measuring detection efficiency facilitated their 
application. 
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RESULTS 

The outcomes obtained from guilty and innocent subjects, the sample sizes, 
and the obtained correlation between the judgments by the polygraph interpreter 
and the criterion (r) are summarized for each of the t4 experiments in the last 
column of Table 1. A wide range of correlation coefficients was obtained. 

The estimate population variance of the correlations is given by Sr  2 = Eni  (r 
- r ) 2 / n i ,  where ni is the sample size and r i is the observed r for ith study. The 
average of squared deviations between the observed r's and ? weighted by their 
respective sample sizes was .0245. The estimated variance due to sampling error 
was obtained by S e  z = k(1 - r-Z)Z/N, Where k is the number of studies and N is the 
total number of subjects (Hunter et al., 1982). The variance in observed correla- 
tions due to sampling error was .0058. Thus, only 23.8% (.0058/.0247) of the ob- 
served variability in detection efficiency was due to sampling error. Since that is 
considerably lower than the criterion value of 60%, a search for moderator vari- 
ables was appropriate. 

Three dichotomous measures were developed to reflect the extent to which 
investigators employed methods that were representative of existing field condi- 
tions. Similar to the meta-analytic techniques used by Smith and Glass (1977), for 
each study a score of 0 or 1 was assigned for each characteristic to indicate a 
relatively low or high degree of generalizability to the field situation. As illus- 
trated in Table 2, a score of 0 on the Subject dimension indicated that the subjects 
were college students or student actors, and a score of 1 indicated that subjects 
were not students. A score of 0 on Incentives indicated that minimal incentives 
fbr producing a truthful outcome on the test were provided to guilty and/or inno- 
cent subjects, and a score of 1 indicated that stronger and equal incentives were 
provided to both groups. A score of 0 on Decision Policy was assigned when 
diagnoses of truth and deception were based on nonstandard field scoring tech- 
niques, and a score of 1 was assigned when standard field methods were used, as 
previously described. 

The extent to which limitations on the generalizability of laboratory results 
may be related to detection rates was assessed by correlating the scores on each 
of the three design characteristics with the obtained correlations between the in- 
terpreters' diagnoses and the criterion (r's). Correlations were also obtained be- 
tween the scores on the three design characteristics and z-score transformations 
of the obtained r's. The results obtained with z scores were uniformly stronger 
than those obtained using the correlations, but the same pattern of results 
emerged. For ease of interpretation, only the results obtained with correlation 
coefficients are reported. 

To account for differences in sample size, weighted correlations were ob- 
tained according to procedures outlined by Hunter et al. (1982). They are shown 
in Table 3. 

The correlations between each of the three design characteristics and detec- 
tion efficiency are shown in the first column. In each case, a substantial positive 
and significant relationship was observed. The more closely the subject sample 
resembled the field population, the more accurate were the decisions. Relatively 
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Table 2. Characteristics of Mock Crime Experiments 

Characteristic (assigned code) 

Study Subject sample Incentives Decision policy 

Barland and Raskin (0) College students (0) Course credit and (0) 3 charts 
(1975) $10 bonus for guilty 

only 
Bradley and Ainsworth (0) College students (0) $1 bonus for guilty (0) 3 charts and 

(1984) only modified scoring 
Bradley and Janisse (0) College students (0) Course credit or (0) 3 Charts 

(198 l) threat of electric 
shock 

Dawson (1980) (0) Student actors (1) $5 pay + $5 bonus (0) 2 charts 
Gatchel et al. (1984) (0) Medical students (1) $15 pay + $10 bonus (0) 3 charts 

and staff 
Ginton et al. (1982) (I) Policemen (1) Career threat (1) Field technique 
Hammond (1980) (l) Students, alcoholics (1) $7 pay + $10 bonus (0) 2 charts 

and exoffenders 
Honts et al. (1983) (0) College students (1) Course credit + $15 (1) Field technique 

bonus 
Honts et al. (1985) (0) College students (0) Course credit (1) Field technique 
Kircher and Raskin (1) General community (1) $8 pay + $17 bonus (1) Field technique 

(1982a) 
Podlesny and Raskin (1) General community (1) $5 pay + $10 bonus (1) Field technique 

(1978) 
Raskin & Hare (1978) (1) Psychopathic and (1) $20 bonus (1) Field technique 

nonpsychopathic 
prisoners 

Rovner et al. (1978) (1) General community (1) $7.50 pay + $10 (1) Field technique 
bonus 

Szucko and (0) College students (0) Threat to self esteem (0) 1 chart and no 
Kleinmuntz (1981) inconclusives 

low levels of detection efficiency were obtained in studies with college student 
subjects, and the highest levels of detection efficiency were obtained from more 
heterogeneous samples of subjects, including psychopathic and nonpsychopathic 
prison inmates and exoffenders. 

Strong correlations with detection efficiency were also obtained for the In- 
centives and Decision Policy variables. Studies in which both guilty and innocent 
subjects were offered monetary incentives for a truthfut outcome on the poly- 
graph test produced higher decision accuracies than those that did not. In addi- 

Table 3. Correlations among Study Characteristics and 
Detection Efficiency 

Detection Subject 
efficiency sample Incentives 

Subject sample .61 
Incentives .73 .83 
Decision policy .67 .62 .55 
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tion, accuracy of decisions was greatest when trained and experienced polygraph 
examiners evaluated three or more charts of recorded physiological data using 
standard numerical scoring criteria and decision rules. Nonstandard scoring tech- 
niques and the arbitrary decision criteria employed by Szucko and Kleinmuntz 
(1981) were associated with the lowest levels of detection efficiency. 

A multiple regression analysis was performed to assess the proportion of 
variance in detection efficiency that may be attributed to the combined effects of 
the three design characteristics. The three dichotomously coded design variables 
were simultaneously entered into the regression equation to predict the observed 
correlation between interpreter judgments and the criterion of guilt and inno- 
cence. The analysis produced an R 2 of .65, which suggests that the Subject, In- 
centive, and Decision Policy variables may account for as much as 65% of the 
observed variance in detection rates. 

D I S C U S S I O N  

The present findings suggest that diagnostic accuracy in mock crime experi- 
ments depends on the extent to which the subjects, incentives, and procedures 
for evaluating the physiological data are representative of field conditions. Those 
factors may account for much of the variance in the accuracies obtained in labo- 
ratory experiments, and they may account for the discrepancy between accuracy 
rates in laboratory and field studies of the control question technique. However, 
one cannot infer that differences along any of the three dimensions examined in 
the present study were causally related to detection efficiency. Although the 
present findings are suggestive of such relationships, they are not definitive since 
no attempt was made to manipulate the number and/or types of threats to the 
generalizability of laboratory results. 

The adequacy of the criteria that we used to rate the procedures employed 
by different investigators may be questioned. This issue is particularly important 
in light of the small number of studies on which the present findings were based. 
Under these circumstances, even small changes in the criteria could have large 
effects on the correlations with detection rates. 

The observed correlation between detection rates and decision policies high- 
lights the importance of using standard field scoring techniques in laboratory ex- 
periments whenever inferences are to be drawn about the accuracy of such tech- 
niques in field settings. The correlations of detection rates with subject charac- 
teristics and incentives are of greater theoretical interest. Significantly lower 
detection rates were obtained from college student as compared to nonstudent 
samples and when minimal negative consequences were associated with a decep- 
tive polygraph outcome. Relative to other members of the community, college 
students may be more familiar with the nature and objectives of psychological 
experiments, feel more comfortable in research settings, experience less emo- 
tional arousal while performing their tasks, and have little invested in the out- 
come of the test. Furthermore, personal involvement in the task may be espe- 
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cially difficult to achieve with college students. For a college student, the loss of a 
$20 bonus for failing the polygraph test may be unimportant; but to the unem- 
ployed or prison inmates with limited resources and opportunities to earn money, 
$20 may be a significant toss. Experiments are needed to assess the effects of 
personal involvement on detectability. The results of such studies may explain 
some of the variance in the results of laboratory studies and facilitate attempts to 
develop a comprehensive theory of detection of deception. 

Given the limitations of mock crime analogs in which subjects are informed 
as to their roles as experimental subjects, a method for assessing the adequacy of 
the mock crime paradigm is badly needed. Highly realistic procedures that in- 
volve entrapment and deception of subjects (Ginton et al., 1982) are not likely to 
gain widespread acceptance among researchers in this area, since they might vio- 
late the ethical standards of research on human subjects (American Psychological 
Association, 1981). A possible solution would compare sets of intercorrelations 
among components of physiological responses observed under laboratory and 
field conditions. Computer techniques for data quantification and multivariate 
statistical methods, such as confirmatory factor analysis, multivariate analysis of 
variance, and discriminant analysis, may be used for those purposes. Use of such 
techniques might reveal whether or not the contextual and motivational compo- 
nents of field polygraph examinations that are difficult to simulate in the labora- 
tory are important determinants of subjects ~ physiological responses to test ques- 
tions. Similar techniques have already been used to provide powerful tests of 
quantitative and qualitative differences between the patterns of physiological ac- 
tivation that adcompany truthfulness and deception during control question poly- 
graph tests (Kircher & Raskin, 1982b), and their application in this area might 
prove to be fruitful. 
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