R E b ﬂEiD (Research and Evaluation in Education), 6(2), 2020, 87-97
! I Available online at: http://journal.uny.ac.id/index.php/reid

Comparison of methods for detecting anomalous behavior on
large-scale computer-based exams based on response time and
responses

“'Deni Hadiana; “Bahrul Hayat; 'Burhanuddin Tola
'Graduate School, Universitas Negeti Jakarta
J1. R. Mangun Muka, Rawamangun, Pulo Gadung, Kota Jakarta Timur, Jakarta 13220, Indonesia
*Faculty of Psychology, Universitas Islam Negeri Syarif Hidayatullah Jakarta

JI. Kertamukti No. 5, Cireundeu, Ciputat Timur, Tangerang Selatan, Banten 15419, Indonesia
“Corresponding Author. E-mail: denihadianadua@gmail.com

Submitted: 18 April 2020 | Revised: 25 June 2020 | Accepted: 16 July 2020

Abstract

This study aims to determine the anomalous index (#ndeks anomali or 1A) that considers both response time
and responses and compares it with response time effort (RTE) or rapid guessing (febakan cepat or TC) on
various thresholds. Response time and responses from 732 examinees are in natural science subjects
consist of 40 multiple choice items with four answer choices. Response time and responses are analyzed
to obtain descriptive statistics related to them, calculate the TC and IA index using two methods of the
threshold, the first method (M1) is a visualization of identification, and the second method (M2) is based
on the amount of time spent responding to each item related to the complexity of items, as proposed by
Nitko. The performance of the IA and TC scores is compared related to validity and reliability. The
coefficient alpha of IAM1 score 0.84, the coefficient alpha of IAM2 0.82. Both values of the alpha
coefficient have fulfilled the reliability requirements of the index determination. The IA proposed in this
study has a high cotrelation with ERP, which is commonly used to determine the solution behaviot's
magnitude and rapid guessing. The correlation value of IAM1 with TCM1 0.806, the correlation value of
TAM2 with TCM2 0.89, and this high correlation value shows that there is a strong relationship between
IA and TC. Determination of threshold time uses three categories of multiple choices item that reveal IA
and TC distributions that are close to normal distribution so that it reflects natural empirical conditions.
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Introduction tion of the national exams in 2018, CBNE has
become the main mode. Based on the Center
for Educational Assessment report on the re-
sults of the national exams, the junior high
school CBNE examinees continued increasing
nationally, in 2015 as much as 0.22%; in 2016
to 3.72%; in 2017 became 32.26%; in 2018 it
became 62.97%, even in Jakarta, Indonesia,
CBNE was used in 2017 and 2018 with 100%
each. CBNE is expected to increase the valid-
ity, reliability, and integrity of the exams.

Cognitive tests, such as computer-based
national exams (CBNE), measure the compe-
tency of students' knowledge after they com-
plete the learning process for approximately
three years for junior and senior high school
in certain subjects according to the curricul-
um. Since 2015, in addition to the paper and
pencil-based national exams, CBNE began to
be implemented. Even since the implementa-
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Computer-based exams, such as CBNE,
have many advantages over pencil and paper-
based tests. Computerized exams according to
Lee and Chen (2011) can provide complex in-
formation, because, in addition to providing
information about examinee responses, com-
puter-based exams can provide information
on the response times that reflect the amount
of time that is spent by examinees to respond
to each item. Meanwhile, according to Linacre
and Rudner, as quoted by Georgiadou et al.
(2000), the advantages of computer-based ex-
ams are test management flexibility, increased
test security, increased motivation in informa-
tion technology literacy, and time efficiency.
A good test security procedure can be a qual-
ity control test implementation so the validity
of a good test score is guaranteed (Lewis et
al., 2014) and can be obtained. Test security is
related to performance (validity and reliability)
of a test (Cizek & Wollack, 2016, p. 3). Thus,
invalid CBNE items and unreliable CBNE
tests scores result in information on test re-
sults that cannot be used, especially if CBNE
scores are used for various strategic interests
such as for selection to next education levels,
mapping of education quality, and policy in-
terventions to improve the quality of educa-
tion. CBNE results will be meaningful, appro-
priate to target, and effective if the scores ob-
tained by CBNE examinees are accurate. This
means that the scores obtained by CBNE ex-
aminees truly reflect the ability of CBNE ex-
aminees. The score obtained in the CBNE is
closely related to the response pattern and the
response time pattern of the examinees since
they can be used to determine anomalous da-
ta. Thus, research that is related to response
patterns and response time patterns to detet-
mine anomalous data is very urgent because
the analysis of responses and response times
accurately will have a real contribution to im-
proving the quality of the examinee ability es-
timation (Fox et al., 2007).

The response time that is spent by each
examinee during processing and responding
to each item and the response can be directly
obtained on a computer-based exam. Based
on the response time data, we can detect the
anomaly response time of the test examinees
compared to the response time of other test

examinees. Examinees who answer items too
quickly compared to other examinees can be
indicated as examinees who exhibit anoma-
lous behavior.

Anomalous behavior is likely to occur
due to various reasons, among others, the ex-
aminee has known information related to the
item earlier, rapid guessing, and responded
randomly. Anomalous behavior is closely re-
lated to testing security, examinee's integrity,
item validity, test reliability, fairness, and ex-
aminees ability. Thus, Van der Linden (2000),
Marianti et al. (2014), Meijer and Sotaridona
(2006), Widiatmo and Wright (2015), and
Wise and Kong (2005) conclude that if anom-
alous data were analyzed appropriately, better
measurement results for abilities would be ob-
tained, for example, the anomalous data is not
included in the estimated ability parameter.

Several methods can be used to deter-
mine anomalous data based on the response
time. Wise and Kong (2005) believe that ex-
aminees with high efforts in responding to
each item will show behavioral solutions. On
the other hand, the examinees with low effort
in responding to each item will show guessing
behavior shown by responding to the items
rapidly. This rapid guessing can be seen from
the short response time where they did not
take the time to read the item in full and it is
impossible to consider the item carefully. This
rapid guessing behavior underlies the deter-
mination of the examinees' anomalous behav-
ior, Wise and Kong named it Response Time
Effort (RTE). Before determining RTE for
dichotomous items, the SBjj is calculated first
using the equation in Formula (1).

SBU.={1!’F RTE-}-EITE-, 0
0 otherwise

SBij is the solution behavior of examin-
ee j on item i, Ti is the threshold between the
time of rapid guessing behavior and solution
behavior on item 1, RTjj is the response time
of examinee j in item i. Next, the RTE is cal-
culated using the equation in Formula (2), in
which k is the number of items in the test,
and the range of RTE scores from 0 to 1 re-
flecting the proportion of items for examinees
who have solution behavior.
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RTE value close to 1 indicates the high-
er effort in answering all items of the test, on
the contrary, the value of RTE getting closer
to 0 indicates the lower effort that occurs. In
this study the term rapid guessing (TC) will be
used as an index that has an inverse relation-
ship with RTE, meaning that the lower of the
RTE wvalue or the closer it is to 0, the T'C val-
ue is higher or closer to 1. From Formula (1)
and Formula (2), it is known that RTE calcu-
lations do not consider the responses of ex-
aminee answers both to the items below the
threshold and to the items above the thres-
hold. Examinees who correctly answer select-
ed items with less time than the threshold
must be treated differently from examinees
who wrong answers selected items with less
time than the threshold. Likewise, examinees
who correctly answer selected items longer
than the threshold must be treated differently
from examinees who wrong answers selected
items longer than the threshold.

Examinees who answered correctly on
selected items with response time above the
threshold are normal behavior. Conversely,
examinees who answered correctly on select-
ed items with response times below the thres-
hold are anomalous behavior. Based on these
two conditions, we propose the normal index
(indekes wajar or IW) and the anomaly index (zx-
deks anomali or 1A) that consider the response
time and responses. Mathematically, the IW is
stated in Formula (3), while the IA is stated in
Formula (4).

W, = I PWy; 3

i EI:PE-V[J-'-FPA[J-':I

T4 —ﬂ.'_ (4)

7 EI:P[-V[J-"FPA[J::I

IWj is the normal index of examinee j,
PWij is reasonable behavior on item i of ex-
aminee j which is given a score 1 for the ex-
aminee who correctly answers item i (Bi) with
response time (WRij) above the threshold
(Ti), or PWij = 1 if Bi >Ti. IAj is the anomaly
index of examinee j, PAjj is an anomalous be-
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havior on item i of examinee j which is given
a score 1 for examinees who correctly answer
item 1 with time below or equal to the thres-
hold or PAij = 1 if Bi = Ti. The relationship
between IWj and IAj is shown in Formula (5).

W+ 14,=1 ©)

The IW scores getting closer to 1 indi-
cates more normal behavior, while IW scotes
getting closer to 0 show more anomaly behav-
ior. In contrast, the IA scores getting closer to
1 indicate behavior anomalous increasingly,
while the IA scores getting closer to 0 show
morte normal behavior.

The challenge in determining the RTE,
IW, and IA lies in determining the accurate
threshold (T). Determination of the threshold
must consider the characteristics of items, like
the number of words in an item, the presence
of stimulus pictures, tables, and illustrations,
items with calculation, the difficulty of items.
Nitko (Naga, 2013, p. 47) said simple multi-
ple-choice items need 40 to 60 seconds to an-
swer, complex multiple-choice items need 70
to 90 seconds, and multiple-choice items with
calculation need 120 to 300 seconds.

Wise and Kong (2005) determined the
threshold based on the number of characters.
Items with the number of characters less than
200 are a threshold of three seconds, items
with characters between 200 to 1000 are five
seconds of a threshold and the threshold of
items with more than 1000 characters are in
ten seconds. Kong et al. (2007) apply several
methods to determine the threshold: the com-
mon threshold for each item; based on item
characteristics such as the number of charac-
ters and the presence of pictures; visualization
identification of response time-frequency dis-
tribution graphs; and estimation using two
mixed models.

The RTE that had been developed by
Wise and Kong since 2005 did not consider
the responses of each item of examinees for
determining the index of effort or the index
of rapid guessing. Thus, this study was con-
ducted to determine the anomaly index (IA)
which considers both response time and re-
sponses and comparing with RTE at various
thresholds.
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Method

Log file data of 732 examinees obtained
from the Educational Assessment Center, Re-
search and Development Agency, Ministry of
Education and Culture was converted into
structured spreadsheet data. The structured
data consists of response time in seconds and
a dichotomous score of responses from 40
multiple-choice items in Natural Sciences sub-
jects. The data were then screened and proc-
essed with the help of Minitab, Microsoft Ex-
cel, and SPSS application. The data were then
analyzed quantitatively to obtain descriptive
statistical information related to the response
time and responses, determine the TC index
and IA index on the two methods of deter-
mining the threshold. The first method (M1)
was done by identification visualization (VI),
which is looking at the response time for the
first time the response time decreases sharply
then increases again through visualization of
the response time-frequency graph. The sec-
ond method (M2) was done using the length
of time criteria for working on the multiple-
choice items proposed by Nitko, namely, sim-
ple multiple-choice items using a 40 second,
70 seconds complex multiple-choice, and 120
multiple-choice calculations. For this reason,

before the index calculation, those items are
grouped into three, namely simple multiple-
choice, complex multiple-choice, and multi-
ple-choice calculation. Then, we conducted a
comparison of the results of anomalous data
analysis with RTE and IA index.

Findings and Discussion

Lindsey (2004, p. 197) explains that the
characteristics that must be considered in the
selection of the response time distribution: (1)
must be positive; (2) short response time is
more common than long response time, or in
other words, the magnitude of the short re-
sponse time probability is very large com-
pared to the magnitude of the long response
time probability or positive skewed (Van der
Linden, 2006). Distributions that match these
two characteristics are Lognormal, Weibull,
and Gamma distributions (Lindsey, 2004, pp.
203-200). Figure 1 shows the mean and stan-
dard deviation and median scatterplots and
averages on 40 items and 732 examinees. All
response times are positive with a minimum
response time of 1 second. This condition is
following the response time criteria according
to Lindsey (2004, p. 197).
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Figure 1. Scatterplots of Mean and Standard Deviation, Mean, and Median of Items and
Examinees
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Figure 2. Distribution of Response Time for Items Number 4, 11, and 15
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Figure 3. Frequency of Response Time of a Selected Item

In addition, Figure 2 shows the distri-
bution of response time for items number 4,
11, and 15. According to Fox et al. (2007),
Van der Linden (2006), Lindsey (2004, p.
197), and Wulansari et al. (2019), the distri-
bution of response time that tends to skew to
the right shows that a small portion of the re-
sponse time-frequency is on the right, mean-
ing that the probabilities of short response
time are higher than the probabilities of long
response time. This distribution, according to
Lindsey in Wulansari (2019, p. 140) is follow-
ing the characteristics of Lognormal, Weibull,
and Gamma distribution.

In this study, the Anderson Darling test
was performed to determine the distribution

of response time samples. Wulansari (2019, p.
88) states that the distribution with the lowest
Anderson Datling value is the most proper
distribution for the response time on each
item. From the results of comparison of the
Anderson Darling on Lognormal, Weibull,
and Gamma distributions for 40 items, it can
be seen that items number 12, 20, 21, and 23
are appropriate with the characteristics of the
Gamma distribution, while 36 other items
match the characteristics of the Lognormal
distribution. Information on the characteris-
tics of distribution is very crucial when deter-
mining the response time threshold through
the visualization method of response time-
frequency graphs.
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Figure 3 provides information about the
frequency of response time (seconds) for one
of the items used to determine the threshold
time using M1. The threshold is set at a sharp
drop in response time then rises again, in the
figure, the threshold is 19 seconds in the
circle. This threshold is a short response time
and is insufficient for the examinees to
process the items and options.

This method was proposed by Wise
(2000). Conceptually, according to Kong et al.
(2007), the thre-shold is a short response time
for examinees so that they do not have suf-
ficient time to process and determine the cor-
rect answer from the items. After visualizing
the identification of 40 response time-fre-
quency graphs obtained a threshold in sec-
onds based on the M1 method for items num-
ber 1 to 40 respectively: 26; 14; 8; 17; 15; 17,
21; 22; 26; 8; 6; 26; 21; 20; 15; 7; 14; 14; 11;
23; 28; 22; 15; 19; 18; 22; 23; 20, 14; 17; 19;
11; 19; 18; 13; 5; 16; 21; 13; and 13.

Based on the results of an analysis of
the characteristics of 40 items including the
number of words, the presence of pictures,
tables, illustrations, and the cognitive level of
items. Items number 2; 3; 5; 6; 7; 14; 25; 26;
29; 30, 31; 32; 33; 36; and 37 are simple multi-
ple-choice type and use a threshold of 40 sec-
onds for each item. Items number 1; 4; 17; 22;
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24; 28; 35; 38; 39; and 40 are complex multi-
ple-choice type and use a threshold of 70 sec-
onds for each item. Items number 8; 9; 10; 11;
12; 13; 15; 16; 18; 19; 20; 21; 23; 27; and 34
are multiple choice type of calculation and use
a threshold of 120 seconds for each item. The
threshold of 40 items is shown in Figure 4.
Determination of threshold using the
visualization identification method of the re-
sponse time graph does not consider the char-
acteristics of the item, such as the complexity
of items and items require calculation. This
method considers the certainty response time,
especially for the response time that decreases
sharply for the first time and then increases.
As a result, this method produces less stable
response time and does not reflect the degree
or level of each item, and tends to produce a
low threshold so that it impacts on the low
percentage of examinees who exhibit anoma-
lous behavior (Hauser & Kingsbury, 2009). If
this threshold determination method is appli-
ed to detect the level of an anomaly behavior,
the examinees who are detected anomaly be-
havior are very few, especially for the com-
plex items, the items that require calculations,
the items that have pictures, and the items
that contain many words, as usually found on
items in the national testing like in Indonesia.
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Figure 4. Threshold of 40 Items
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Hauser and Kingsbury (2009) states that
the use of thresholds that are too short and
applied to all items by regardless the charac-
teristics of the item has many limitations, be-
cause the characteristics of each item are dif-
ferent than the other ones, each item has a
unique psychometric parameter such as ditfi-
culty levels, and each item has a unique sur-
face characteristic, like the number of words.
Therefore, the determination of the threshold
that considers the characteristics of the item
or the subgroup of items makes more reason-
able as occurred performed in this study.

Wise and Kong (2005) said that the de-
termination of an index must have an ade-
quate degree of reliability. According to Wise
and Kong, a minimum alpha coefficient of
0.80 is acceptable for index determination.
With 95% CI, the coefficient alpha of TCMI1
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and TCM2 index is 0.85 and 0.83 respectively.
With 95% CI, the coefficient alpha of IAMI
and TAM2 index is 0.84 and 0.82 respectively.
This coefficient alpha value reaches the relia-
bility requirements of index determination.
Figure 5 shows the frequency of TCM1,
TCM2, IAM1, and TAM1 on the distribution
of index scores. In Figure 5, most of the in-
dex scores are close to and equal to 0, mean-
ing that most of the examinees are not indi-
cated to rapid guessing behavior, but most of
them show solution behavior during respond-
ing to the item or show normal behavior. This
can be observed in the figure that shows neg-
ative skewness distribution. The TAM1 mean
is higher than the TCM1 mean because the
determination of IA considers the response

time and responses of examinees. This finding
is following Wise and Kong (2005).
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Figure 5. Frequency Index of TCM1 (1), TCM2 (2); IAM1 (3), IAM2 (4).
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Besides, Figure 5 shows that the fre-
quency of TCM2 and TAM2 index scores is
mostly distributed at the middle or moderate
index scores and close to the normal distribu-
tion. It means that a small number of examin-
ees showed anomaly behavior or natural be-
havior and most of them behaved normally or
moderate degrees both an anomaly and rapid
guessing. Thus, this method is following em-
pirical conditions. The IAM2 mean is greater
than the TCM2 mean, because the determina-
tion of IA takes the response time and re-
sponses into account. Therefore, the determi-
nation of the M2 threshold reflects or ap-
proaches the normal distribution in both TC
and IA.

A significant correlation on the TC in-
dex developed by Wise and Kong and IA pro-
posed in this study shows that conceptually

has a strong relationship between the TC in-
dex and the IA index (see Table 1). The rela-
tionship is higher when the threshold deter-
mination method used is the same. This can
be seen in the TCM2 correlation value with
IAM2 which is higher than the TCMI corre-
lation value with IAM1. Thus, M2 has a high-
er relationship than M1.

By using an index range of 0.74 to 1,
IAM2 succeeded in detecting 16 examinees,
TCM2 succeeded in detecting eight examin-
ees, while IAM1 and IAM2 each had one ex-
aminee. IAM2 was the most successful in de-
tecting anomalous examinees because the cal-
culation of the IAM2 threshold considered
the characteristics of the items and the re-
sponses so that the probability of detecting
anomalies was higher as shown in Figure 5.

Table 1. Correlation of Spearmen’s Rho TCM1, TCM2, IAM1, IAM2

TCM1 TCM2 IAM1 IAM2
Spearman’s Rho  TCM1 rg 1.000 489 ™ .859 = 443
Sig. (2-tailed) . .000 .000 .000
TCM2 1y 489 ™ 1.000 415 .884
Sig. (2-tailed) .000 . .000 .000
IAMT 1y .859 = 415 1.000 419 ™
Sig. (2-tailed) .000 .000 . .000
TAM2 1 443 .884 419 1.000
Sig. (2-tailed) .000 .000 .000
**. Correlation is significant at the 0.01 level (2-tailed).
lAM2 TCMW2 LAML TCMD
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Figure 6. IA and TC Index of Range 0.74 to 1 (left); Total Time Test and Correctness Proportion
(right)
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From Figure 6, examinee 576 were de-
tected anomaly by IAM2, IAM1 and detected
rapid guessing by TCM2, meaning that TCM1
was detected by all indices in this study. Data
analysis of the proportion of correct answers
and the total test response time provided in-
formation that Examinee 576 had the propor-
tion of correct answers low, below 0.25 but
spent the total time to answer all items is too
short, that is 1800 seconds or 45 seconds per
item from the 7200 seconds time allocation.
Thus, examinee 576 indicated that the behav-
ior of rapid guessing as examinee 336. Anom-
alous behavior in examinees 576 and 336 was
due to a lack of effort to process and answer
items as predicted by Meijer (2003). Examin-
ees 276 and 104 showed a great effort by
maximizing the allocation of test time avail-
able but the test results were not good enough
with the proportion of correct answers below
0.5. Examinee 292 had the highest proportion
of 0.75 and was able to complete the test with
about 3900 seconds. Then why was the exam-
inee detected anomaly by IAM2? First, this
phenomenon may occur due to the quality of
the item, for example, there are keywords in
the stimulus that lead to options, the con-
struction of item which results in the examin-
ee not having to process every word and sym-
bol in the item but just connecting each of
these keywords to answer the item. Second,
the options’ distractors do not work propetly
because the distractors are not homogenous
and logical. There are various possible types
of anomalous behavior based on the results of
responses and response time analysis, include-
ing cheating, creative responses, careless re-
sponses, lucky guesses (Meijer, 1996). There-
fore, to confirm these various types of anom-
aly behavior, it is better to analyze item char-
acteristics and psychometric parameters of
items such as discrimination index and diffi-
culty level.

Conclusion

A simple method for determining the
solution behavior index or rapid guessing be-
havior (TC) is the ERP that is proposed by
Wise and Kong since 2005, this method is still
often used mainly for low stakes tests. This
ERP method considers the response time on-
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ly and does not consider the responses of ex-
aminees in each item. The IA method that is
proposed in this study considers the response
time and the responses of each examinee on
each item and it is easily implemented. The re-
liability coefficient alpha of the IAM1 score
0.84, while the coefficient alpha of the IAM1
reliability is 0.82. Both values of the alpha co-
efficient have fulfilled the reliability require-
ments of the index determination. IA that is
proposed in this study has a high correlation
with ERP which is commonly used to deter-
mine the magnitude of the solution behavior
or rapid guessing behavior. The correlation
value of IAM1 with TCMT1 is 0.806, the corre-
lation value of TAM2 with TCM2 is 0.89. This
high correlation value shows that there is a
strong relationship between the IA and ERP
(TC). The determination of the threshold
must consider the characteristics of the items,
such as the presence of pictures and the num-
ber of words and psychometric characteristics
such as the level of difficulty items. The deter-
mination of the threshold uses three groups
of multiple-choice items, namely: the simple
multiple-choice, complex multiple-choice, and
multiple-choice with calculation resulting in
IA and TC distributions that are close to not-
mal distribution so that it reflects natural em-
pirical conditions. To conclude the type of
anomaly shown by examinees, IA should be
confirmed by qualitative and psychometric at-
tributes of the test items and examinees' abil-
ities. To perfect this study, research should be
conducted regarding the determination of a
more comprehensive threshold by consider-
ing the item surface characteristics such as the
number of words, the cognitive level of items,
the complexity of items, and the psychometric
characteristics of items such as difficulty level,
discriminating index, and the ability of the
examinees.
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