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A B S T R A C T A R T I C L E I N F O 
Examinees who skip questions or have prior knowledge of the test content will 
generate an inaccurate and invalid test score. Assurance that test scores reflect the 
examinee's abilities is challenging for test administrators. Thus, this study examined 
students' response aberrance in the unified mathematics test based on their test 
anxiety and mathematics ability. The research design used was a cross-sectional 
descriptive survey. Through a multi-stage sampling procedure, 550 subjects were 
sampled. Data were collected using the Mathematics Achievement Test (MAT) and 
Test Anxiety Inventory, which had reliability coefficients of 0.84 and 0.82. Using 
the person fit package implemented in R programming language version 4.0.1 
software, response aberrance (W* and B*) indices for each student were computed. 
A 2 x 2 x 2 factorial multivariate analysis of variance (MANOVA) was used to 
analyse the data descriptively and inferentially. Results showed that high school 
students have a response aberrance in mathematics with a mean of 0.96 and 4.83, 
which are greater than 0.50 for both aberrance indices. The study found a significant 
interaction between student ability and test anxiety, with a significant main effect on 
student ability and test anxiety. The results indicated a significant MANOVA, and a 
follow-up analysis of the variance test showed a statistically significant difference in 
the response aberrance as measured by W* and B* on students’ ability, with low 
ability having the highest mean scores. The study also indicated a significant 
difference in the response aberrance as measured by B* on test anxiety, with high 
anxiety having higher mean scores than low anxiety. The study concluded that high 
school students' ability and test anxiety affect the severity of response aberration in 
Mathematics. 
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1. INTRODUCTION 

Learners are exposed to new ideas through curriculum outlines. Testing and other assessment procedures 
are crucial to assessing mastery of these outlines. Over the years, multiple-choice tests have increasingly been 
used to grade student mastery. Kim and Moses (2018) found that students developed response patterns rather 
than responding sequentially to keys. It is possible for these response patterns to accommodate aberrations in the 
field of testing. Aberrance refers to students who demonstrate inconsistent knowledge of some items in an 
examination compared to how they perform on other items (Jia et al., 2019). Questions that are more difficult 
are answered correctly, but those that are easier are not. In test-taking behaviour, aberrance refers to responses 
that differ from the statistical models used to predict normal behaviour (Meijer et al., 2008). Several factors may 
contribute to aberrances, such as irregular testing, poor preparation, illness, lack of motivation, guessing, 
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differential preparation, and cheating (Meijer & Sijtsma, 2001). An abnormal pattern of test responses could 
indicate an irregular testing process. Occasionally, some students receive assistance with some questions without 
receiving assistance with others. Several modes of instruction may have been used. Modes of assistance and 
modes of independent work are both included here. Using Caveon (2005) bimodal aberrance statistics, one can 
assess the test-taking ability levels of some examinees based on their "within ability aberrance" (W*) and 
"beyond ability aberrance" (B*). Within ability aberrance occurs when an examinee wrongly answers an item on 
an easy items, and beyond ability aberrance occurs when they correctly answer a difficult items (Adediwura & 
Agunbiade, 2015; Jia et al., 2019) 

Several person-fit indicators can be used to identify abnormal response patterns (Karabatsos, 2003). In 
many of these techniques, the observed response patterns are compared to the expected outcomes as defined by 
a particular model. Based on Meijer and Sijtsma (2001), when observed item response patterns do not conform 
to what is implied by the model, person misfit is observed. Nevertheless, Meijer and Sijtsma (2001) argues that 
traditional test theory and item response theory define expectation differently in response patterns and measure 
deviation from that expectation differently. 

 

Aberrant Response Patterns 

Consider a scenario in which M examinees take a test with N items. It is possible to summarize test data by 
forming a matrix with M rows and N columns of 1s and 0s representing correct and incorrect answers, 
respectively. There are two methods for examining the responses matrix: either column vectors that illustrate the 
responses of M examinees item by item or row vectors that illustrate the responses to N items by individual 
examinees (Jia et al., 2019). When examining the responses of groups of examinees to a particular item, the first 
approach often considers how items differ based on their ethnicity (e.g. race or gender) (Hulin et al., 1983 cited 
in Chen, 2004). In addition, an item response theory (IRT) or non-parametric IRT model can be used to examine 
an examinee's observed response vector to the N items, comparing that response vector to the expected response 
vector (Ackerman, 2010; Bichi & Talib, 2018; Cai et al., 2016). Low-ability examinees who miss many easy 
questions show deviations from the expected pattern. It is impossible to measure a person's ability based on an 
aberrant response pattern. According to this study, each examinee's response vector is examined as part of the 
second approach. Research has discussed many types of aberrant response patterns. Based on Wright and 
Phillips (1979) cited in Adediwura and Agunbiade (2015) classification, there are four types. A "fumbling" 
pattern indicates difficulty getting started in a test since incorrect responses cluster at the beginning of the test. 
Secondly, there is the "sleeping" pattern, in which examinees miss the easiest questions by sleeping during the 
easy section of the test. Third, the "guessing" pattern results in the hardest question being correctly answered by 
chance. The method of generating a "constant response set" involves selecting the same option for all items; say, 
B. "Plodding" is the last anomalous response pattern. The individual who responds in this manner works slowly 
and cautiously on each item and does not proceed to the next until the present item has been answered correctly 
(Lee et al., 2014). IRT models assume that responses are stochastic, so presenting items in increasing difficulty 
will result in an overly ideal response pattern (Kim & Moses, 2018; Seock-Ho, 2004). 

An examinee's true ability can be inaccurately estimated when they suffer from person-related disturbances 
(Smith, 2000). Among the disturbances are "start-up test anxiety", "copying from another person", "guessing to 
complete or randomly," "disinterest or boredom," "sleeping," "illness," "fatigue" (usually introduced by long 
tests) and "external distractions”. Evidence suggests that several kinds of behaviour might explain some of the 
differences between correct and incorrect responses (Lee et al., 2014). The behaviour is linked to a limited 
understanding of machine-scored tests, resulting in incorrect alignment of responses. This behaviour is also 
related to an individual's ability to interpret easy test items with "extreme creativity." Individuals with high 
levels of intelligence may perceive easy items as too trivial or simplistic to be true, so they interpret them with 
deeper understandings and eventually choose the incorrect answer. A third behaviour involves cheating caused 
by "exposed tests" or "lack of vigilance". Occasionally, low-ability examinees may peek at their neighbours' 
examination script during a test to get a heads-up about their test. For example, each cheater will generate a 
response pattern with a combination of locks of nearly correct responses and blocks of nearly incorrect 
responses. An example of a test with 10 items of increasing difficulty is shown in Table 1 to illustrate the 
aberrant response patterns described above. A number-correct score may not be adequate to measure an 
individual's trait level when different test behaviours result in the same overall score. In this study, aberrant 
responses are examined, which is related to test anxiety, ability, and gender, respectively. 
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Table 1. Sample aberrant responsible Patterns on a 10-items test. 

Test Behaviour  Response Pattern 
Easy        Hard 

Total Score  Interpretation 

Fumbling/Start-up 
Test Anxiety/Sleeping  

000|1110|110 5 Not sure how to get started. 

Lucky guessing  111|0100|001 5 The ability to obtain some items beyond what 
is expected.  

Plodding 111|1100|000 5 Reached items with high accuracy. 
Extreme Creativity 001|1110|100 5 Considering easy items”too simple to be true". 
Cheating(Copying or Pre-
Knowledge) 

110|0000|111 5 Answering hard items by copying from 
neighbours. 

Alignment Errors 111|001|010 5 A mismatch between responses and items, 
such as skipping one item. 

Deficient Ability 111|0000|110 5 Medium difficulty items contain unfamiliar 
content. 

 

Student achievement is affected by several factors, including motivation, quality of school instruction, 
subject matter knowledge, family socioeconomic status, and school factors. However, test anxiety, gender, and 
ability level are equally important. Based on Adolf (2011), implied tasks or lessons were used to systematically 
observe suspected educational or psychological traits or attributes. The test aims to determine a student's skill, 
achievement, aptitude, attitude, interest, etc., through a series of exercises or questions. As a result, tests have 
emerged as potent anxiety-producing stimuli, and test anxiety has become a widespread problem in our society 
(Spielberger & Vagg, 1995 cited in Duraku, 2017). 

 

Test anxiety and response aberrance 

Today's society is oriented toward testing (Karabatsos, 2003; Kim & Moses, 2018). Test scores play a 
major role in shaping our educational lives in many ways. Exam results determine admission to higher education 
institution in Nigeria. Consequently, today's society has a significant problem with test anxiety, which is a major 
source of anxiety due to tests (Wang, 2003). Test anxiety is a reaction characterised by cognitive and affective 
reactions that are likely to negatively impact performance on a test or during an evaluation situation 
(DordiNejad et al., 2011; Duraku, 2017).  According to literature studies on test anxiety, it is a psychological 
problem that interferes with the educational process and the mental health of American adolescents (Jia et al., 
2019; Meijer & Sijtsma, 2001; Wigfield & Eccles, 1989) as well as high school students (Wang, 2003). 
Academic performance is negatively affected by cognitive test anxiety (Cassady & Johnson, 2002). Whenever 
people of all ages have to evaluate, assess, and grade their abilities, achievements, or interests, Cohen (2004) 
warns that performance anxiety can adversely affect them. Anxiety can also contribute to underachieving since 
it impairs test performance (Alemu, 2020; Wigfield & Eccles, 1989). There is evidence that test anxiety impacts 
learning and performance in developed countries (Alemu, 2020; DordiNejad et al., 2011). In school and college, 
test anxiety negatively influences achievement (Alemu, 2020; DordiNejad et al., 2011). The number of studies 
of this kind in Nigeria is relatively low. Due to this reason, high school students were selected. A growing body 
of research has been conducted on test anxiety in recent decades. Only a few studies have examined the 
appropriateness of examinees' response patterns when faced with test anxiety instead of their total test scores 
(Chen, 2004). During an examination, high-test-anxious candidates can get distracted, have difficulty 
understanding instructions, and have trouble recalling information (Duraku, 2017). Therefore, these symptoms 
may impair an examinee's ability to solve problems, negatively affecting his or her overall test performance 
(Duraku, 2017). Examinee performance at the item level is determined by person-fit or aberrance assessment 
(Kim & Moses, 2018). Test anxiety seems to be the most disruptive factor in school and other settings where 
testing is administered based on the above assertions (Alemu, 2020). Therefore, this study investigated the 
effects of test anxiety on students' response patterns in consideration of the possible consequences of test anxiety 
on performance. It is also important to consider the student's gender. 

 

Gender and response aberrance 

As a cultural construct, gender distinguishes the roles, behaviours, mental and emotional characteristics of 
males and females. In academics and other areas of human resource development, the concept of gender does 
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not support or suggest a dominant position for males over females. However, it places a high value on equity 
and equality in recognizing, developing, and utilising the skills and abilities of both sexes. Females and males 
may experience different levels of test anxiety, which could explain gender differences in test anxiety. 
Nonetheless, females seem to be more emotional, causing them to score higher on test anxiety. In contrast to 
their female counterparts, male individuals exhibit a significantly lower cognitive test-anxiety score than female 
individuals because of their high level of risk-taking behaviours; however, this may not imply higher or lower 
academic performance. It is likely that gender has a significant influence on students' anxiety levels, which 
could lead to an aberration in the response pattern, leading to academic failure (Chen, 2004). The number of 
male aberrant responses is also consistently higher than the number of female aberrant responses. By randomly 
gridding responses or systematically marking them, Jing (2004) examined if students might lack motivation for 
the test based on National Assessment of Educational Progress (NAEP) data. Male students are more likely to 
mark their responses systematically than female students are. 

Considering this literature, Schmitt et al. (1999) hypothesised that misfit measures might be associated 
with gender. A study was conducted to analyse the gender, race, and aberrance indexes. In both cognitive and 
personality tests, men produced more irregular responses, which indicates they are more prone to producing 
irregular responses. Most associations are eliminated when conscientiousness is taken into account. The 
motivation for taking the test was irrelevant. It is possible that carelessness is the cause of male misfits.   

Essentially, academic ability is valuable to the learning process. The most common form of measurement 
seems to be examinations and continuous assessments. There was a correlation between individual differences in 
academic performance or ability and individual differences in intelligence and personality (Alemu, 2020; 
DordiNejad et al., 2011). Student item responses in the classroom may be affected by the working climate in a 
positive or negative way (Duraku, 2017). When you respond abnormally, you may also have an aberrant 
response pattern. A test can be difficult for some examinees to complete because they have difficulty responding 
to the items. It is also possible for some examinees to have trouble starting the test, which can result in them 
entering incorrect responses from the start. When shading multiple-choice questions on the answer sheet, it is 
also possible for examinees to make mistakes. The response pattern of the examinees in secondary school 
Mathematics provides information that cannot be derived from the total score. Response aberrations can lead to 
the misuse of information (Jia et al., 2019; Wang et al., 2019). 

Some students' response patterns are aberrant for reasons that research has not fully explained. Meijer and 
Sijtsma (2001); Wang et al. (2019) suggested conducting more studies involving background variables to gain 
additional information about the misfit type. An examination of test anxiety levels and gender was conducted in 
the present study. The overarching research questions and hypotheses are: What are the patterns of distribution 
W* and B* scores in mathematics achievement tests? What is the frequency of aberrant responses in the 
Mathematics Achievement Test (MAT) among high school students? There is no significant main effect of 
student ability on response aberrance as measured by W* and B*, and there is no significant main effect of test 
anxiety on response aberrance as measured by W* and B*. 

 

2. MATERIALS AND METHODS 

Research design 

A cross-sectional descriptive survey research design was adopted in this study. For this study, ten 
government-owned high schools were selected in one State in Nigeria. 

Participants 

The three existing senatorial districts in Ondo State, Nigeria, were stratified. A purposive sampling 
technique was used to select the sample for the study. Specifically, the district with a high number of 
government-owned high schools was chosen for the study. A total of ten schools from the chosen district 
were also randomly selected, and to give the study a more robust approach, a class of intact students in grade 
11 in the mathematics subject were used as participants. Thus, five hundred and fifty students (57.7% males 
and 44.3% females) from grade 11 were sampled during the 2021/2022 academic year, with a mean age of 
14.6 years old. More so, throughout their educational journeys, all of the participating students were taught 
primarily in English as the language of academic instruction. Because of this, there was an expectation of 
good proficiency in reading and mathematics for the participants. 
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Measures 

A structured questionnaire measuring the Test Anxiety Inventory (TAI) adapted from Wang (2003) was 
used for data collection. TAI is a self-report scale that measures test anxiety as a situation-specific personality 
trait. Consequently, it is chosen from various instruments that measure test anxiety. The results of a TAI 
assessment reflect a long-term, inherent personality characteristic. Respondents were asked to describe how 
they are generally affected by anxiety symptoms before, during, and after examinations using a 20-items 
questionnaire. Examples of items on the scale included: 'Before or during exam, I find myself thinking about 
how much brighter some of the other students are'; ‘Worrying about how well I will do interferes with my 
preparation and performance on tests’; ‘I never seem to be fully prepared to take tests’; ‘I have a hollow, 
uneasy feeling before taking a test’; ‘If my score is low, my parents will be very disappointed.’; ‘When taking 
a test, my emotional feelings interfere with my concentration’; ‘My anxiety about tests makes me want to 
avoid preparing fully, and this just makes me more anxious’; ‘I do not feel confident and mentally relaxed 
before a test’ and ‘I often fell physically panicky when I have to take a really important test’. Likert scale was 
used for this instrument, where a score of 1 equals strongly disagree, a score of 2 equals strongly disagree, a 
score of 3 equals agree, and a score of 4 equals strongly agree. Responses to all questions are scored 1 
through 4 except for items 1 and 10. These items are scored in reverse order of 4, 3, 2, and 1. A score of 20 to 
80 was obtained on the TAI statements. In general, a low score (20-39) indicates that the participants are not 
anxious about test taking, while a high score (40-80) indicates that they are anxious about it. 

In addition, the second instrument was based on the questions on the unified grade 11 examination in 
Ondo State. It is believed that the Examination Department of the Ondo State Ministry of Education validated 
and standardised the questions. As a result, the test items were already valid and reliable. Students' 
mathematics skills are assessed using this instrument. The mathematics achievement test consists of 50 
multiple-choice items with five alternatives (A-E). The optical mark recorder sheets scored students' 
responses in two ways: either correctly, which is coded as 1, or incorrectly, which is coded as 0.  The total 
score was calculated to determine the student's ability. There were 50 possible scores. The low scores on the 
test (1-24) indicate that the participants had low abilities, whereas high scores on the scale (25-50) indicate 
that they had high abilities. 

Validity and reliability of the instrument 

The research instrument used for data collection in this study was an adapted questionnaire. Thus, there is 
a need to validate the instrument and ensure its validity and reliability. The researcher ensured the content 
validity of the questionnaire by having it carefully examined by experts in psychology and measurement and 
evaluation. The researcher created the questionnaire using a Google form, and 20 (12 males and 8 females) 
panellists examined the essentiality and non-essentiality of the statements on the scale between 10-30th April 
2022. Responses gathered from the 20 panellists were subjected to a content validity ratio (CVR) and, in turn, 
established a content validity index (CVI) (Lawshe, 1969) of 0.64. Also, the responses of the sampled 
students outside the study were subjected to a reliability analysis to determine the instrument's internal 
consistency. The ordinal alpha reliability coefficient of 0.82 was returned and implemented using the psych 
package of R programming language version 4.0.1. Also, the Kuder Richardson 20 (Kr20) reliability estimate 
for the mathematics achievement test yielded 0.84 implemented using the ‘validateR’ package of R 
programming language version 4.0.1 software. 

Data collection procedures 

The data was collected from students in government-owned high schools in Ondo central senatorial 
district, Nigeria, between 5-30th June 2022. Students in grade 11 were intactly used, and they responded to 
the questionnaire and mathematics achievement test in the English language. Respondents were provided 
with printed instruments, and four research assistants assisted with onsite administration. Prior to 
participating in the study, all participants were informed about its purpose and consented. 
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Data analysis 

The independent and dependent variables were analysed using descriptive statistics to determine central 
tendencies (mean) and dispersion (standard deviation). Students' ability (low vs high) and their test anxiety 
(low vs high) were independent variables, while aberrance responses B* (beyond-ability) and W* (within-
ability) were dependent variables. Inferential statistics using the 2 × 2 x 2 factorial MANOVA were generated 
to determine the differences in the participants'  test anxiety and ability vis-à-vis their B* (Beyond-ability) 
and W* (Within-ability) in the mathematics achievement test. Using a MANOVA, the assumptions of 
multivariate normality, homogeneity of variance, and the quality of the variance error of the dependent 
variables were examined. Due to the two dependent variables examined in this study, MANOVA was 
considered suitable for analysing the data. MANOVAs are suitable for analyses involving several factors 
(each with two or more levels) and multiple dependent variables, as Grice and Iwasaki (2007) explained. 
Analysis of the data generated from the two instruments was done using SPSS, version 28, and R, version 
4.0.1, a programming language for statistical computing. 

Ethical Declarations 

The study obtained informed consent from all participants by completing a consent form. Respondents 
had no requirement to provide their names, so all data collected was anonymous. 

 

3. RESULTS 

What is the distribution pattern of W* and B* scores in the mathematics achievement test? 

Shapiro-Wilk test and normal P-P plot were used to examine the multivariate normality assumption. 
Firstly, the Shapiro-Wilk test was performed on the dependent variables Beyond-ability and Within-ability to 
determine their univariate normality. Because the dataset was less than 2,000, Shapiro-Wilk was used to 
determine the normality of the distribution. According to Shapiro-Wilk test, data for B* and W* have 
normally distributions (w = 0.64, p = 0.00 and w = 0.72, p = 0.01). Furthermore, a normal P-P plot of 
regression-standardised residuals (see figures 1 and 2) confirmed Shapiro-Wilk test results. 

Furthermore, the MANOVA assumptions were tested using the Mahalanobis distance, which gave a 
maximum value of 9.36. The value of 9.36 was less than the critical value of 11.69 in the Mahalanobis 
distance; consequently, it was assumed that the multivariate normality assumption was met. Furthermore, the 
Box's M test value of 22.38 was associated with a p-value of 0.07, considered non-significant (Huberty & 
Petoskey, 2000). As a result, the MANOVA assumed that the covariance matrices between the groups were 
equal. Aside from that, it also demonstrated that the error variance across groups was the same. A linear 
assumption was also established. The Pearson product-moment correlation (r = 0.39), which is low, shows 
that the dependent variables correlate with one another. Though, there was a significant positive correlation 
between the variables (p = 0.01), indicating the MANOVA is suitable (see table 3). 

Figure 1: Normal P-P Plot for Beyond-ability/surprise index 
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Figure 2: Normal P-P Plot for Within-ability/Caution index 

 

The implication of figures 1 and 2 was that data collected for this study were normally distributed since 
most of the data points were clustered along the diagonal line. If the data points stray from the line in an 
obvious non-linear fashion, then the data set are not normally distributed. However, one of the variables was 
not normal (W*), hence, transformed using natural logarithm. Therefore, the researcher concluded, based on 
the information depicted by normal P-P plot of regression standardised residual, that the data did not 
substantially violate normality assumption. 

Also, Box's M test analysis was conducted to ascertain that the data did not violate the assumption of 
homogeneity of variance (see table 2). 

 

Table 2. Box's test of equality of covariance matrices 

Box's M F df1 df2 Sig. 
22.38 3.23 21 10373 0.07 
 

Table 2 remarked that there was no significance difference. This indicates that the assumption of 
homogeneity of variance-covariance was not in any way violated, if otherwise, there is a significant 
difference (p < 0.05). Another one is the linearity assumption; this was also assessed using a correlation 
matrix between the dependent variables (W* and B*). This provides evidence of linearity but the correlation 
coefficient must not be too high that is (ryy< 0.85) (see table 3). 

Table 3. Pearson correlation coefficients between W* and B* 

 
 Dependent Variables   

Pearson Correlation 
W* (Within-ability) B* (Beyond-ability) 

W* (Within-ability) 
  
  

1 0.39** 

Sig. (2-tailed)   0.01 

N 550 550 

B* (Beyond-ability) 
  
  

Pearson Correlation 0.39** 1 

Sig. (2-tailed) 0.01   

N 550 550 

** Correlation is significant at the 0.05 level (2-tailed). 

Table 3 revealed that the two dependent variables were linearly related. The correlation coefficient was 
low (0.39), which was substantially less than the 0.85 cutoffs. Nevertheless, it was statistically significant. 
Therefore, the data did not violate the assumption of linearity. Hence, the dataset satisfied the assumptions 
underlying the statistical tool, used for the analysis of data. 
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What is the frequency of aberrance response in the Mathematics Achievement Test (MAT) among Ondo 
State secondary school students? 

Students’ responses to Mathematics Achievement Test were scored and subjected to analysis. Person Fit 
package implemented in R programming language version 4.0.1 was used to estimate students' aberrance 
index scores. These include two aberrance indices; within-ability or caution index (W*) and beyond-ability or 
surprise index (B*). This was estimated for each examinee to measure their response aberrance to the 
Mathematics Achievement Test. It was depicted from the results that larger percentage of examinees had 
aberrance value higher than the benchmark of 0.5. This is according to D'costa (2013), which remarked that 
value above 0.5 reveals that there is evident of aberrance in the response pattern (see table 4 and figure 3). 

 

Table 4. Descriptive statistics of examinees' response aberrance 
 

 Variables N Minimum Maximum Mean Std. Deviation 

W* (Within-ability) 550    0.04 4.99 0.96 0.87 

B* (Beyond-ability) 550    0.54 13.57 4.83 2.86 

Figure 3. Pattern of response aberrance in mathematics achievement test 

 

Table 4 and figure 3 remarked that within-ability (W*) had a mean value of 0.96 and a standard deviation 
of 0.87, while beyond-ability (B*) had a mean value of 4.83 and a standard deviation of 2.86. Also, it was 
revealed that the mean for beyond-ability (B*) had a higher value than the mean for within-ability (W*). 
However, the mean value for beyond ability (B*) and the within ability (W*) aberrance indices were above 
the 0.5 cutoffs. A larger percentage of examinees got the difficult/hard items correctly, while some examinees 
missed the easy items. The implication is that the examinees' pattern of responses deviated substantially from 
the expected. Consequently, the researcher concluded that there is evidence of aberrance in the examinees' 
pattern of response to the mathematics achievement test. 

There is no significant main effect of student ability on response aberrance as measured by W* and B* 

Data obtained were analysed using MANOVA to test for significance. In conducting MANOVA, the 
overall multivariate hypothesis must be tested first. Importantly, it is established that when two independent 
variables are present and the test statistics for the multivariate are unequal, Wilks’ lambda distribution cannot 
be used to assess significance; instead, Pillai’s trace should be used (Tabachnick & Fidell, 2007). However, 
Wilks’ Lamda value is regarded as one of the most reported statistics in the literature (Pallant, 2011). In this 
study, the significance was therefore tested with Pillai's trace. Thus, if the null hypothesis is not rejected (that 
is no significant difference), it is ideal to stop the interpretation of the analysis at this point and remark that 
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the independent variables have no significant difference from the two dependent variables. Nonetheless, if it 
is evident that the multivariate test is significant, the researcher will then continue to assess which 
independent variables influence the dependent variable. This was achieved by conducting a series of 
univariate analyses of variance on individual dependent variables. Table 5 presented the overall multivariate 
hypothesis as follows. 

Table 5: Summary of multivariate tests 
 

Effect   Value F Hypothesis df Error df Sig. Partial 
Squared 

Intercept Pillai's Trace 0.713 677.333b 2 545 0.01 0.727 

  Wilks' Lambda 0.287 677.333b 2 545 0.01 0.727 

  Hotelling's Trace 2.486 677.333b 2 545 0.01 0.727 

  Roy's Largest Root 2.486 677.333b 2 545 0.01 0.727 

Ability Pillai's Trace 0.168 54.918b 2 545 0.01 0.146 

  Wilks' Lambda 0.832 54.918b 2 545 0.01 0.146 

  Hotelling's Trace 0.202 54.918b 2 545 0.01 0.146 

  Roy's Largest Root 0.202 54.918b 2 545 0.01 0.146 

Anxiety Pillai's Trace 0.076 22.518b 2 545 0.01 0.078 

  Wilks' Lambda 0.924 22.518b 2 545 0.01 0.078 

  Hotelling's Trace 0.083 22.518b 2 545 0.01 0.078 

  Roy's Largest Root 0.083 22.518b 2 545 0.01 0.078 

Ability * 
Anxiety 

Pillai's Trace 0.026 7.309b 2 545 0.01 0.014 

  Wilks' Lambda 0.974 7.309b 2 545 0.01 0.014 

  Hotelling's Trace 0.027 7.309b 2 545 0.01 0.014 

  Roy's Largest Root 0.027 7.309b 2 545 0.01 0.014 

a. Design: Intercept + ability + test anxiety + Ability * Test anxiety 
b. Exact statistic 

As reported in Table 5, there was a significant interaction between the students ability (low and high) and 
test anxiety (low and high) of the participants (Pillai’s trace = 0.026, F(2,545)  = 7.30; p < 0.05, η2 = 0.014). 
This implies that 1.4% of the variance in the combined dependent variables (DVs) of within-ability (W*) and 
beyond-ability (B*) could be explained by the interactive effects of students ability and test anxiety. 
Therefore, the results showed minimal effects. 

To further reveal the significant main effects of the students ability and test anxiety of the participants, the 
results in Table 5 show a significant main effect for students ability (Pillai’s trace = 0.168, F(2,545)   = 54.918; 
p < 0.05, η2 = 0.146) and test anxiety (Pillai’s trace = 0.076, F(2,545)   = 22.510; p < 0.05, η2 = 0.078). This 
result could be seen as having a total of 14.6% and 7.8% variance in combined dependent variables (DVs) of 
within-ability (W*) and beyond-ability (B*), which could be explained by their ability and test anxiety, 
respectively. The obtained degree of variance in the combined dependent variables (DVs) of aberrance 
response was indicative of the gender influence on the mathematics test (Schmitt et al., 1999). Subsequently, 
a univariate analysis was conducted as a follow-up protocol to ascertain the differences between students 
ability (low and high) and test anxiety (low and high) across the dependent variables (see table 6). 
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Table 6. Tests of Between Subjects Effects 
 

Source Dependent Variable Type III Sum of 
Squares 

df Mean Square F Sig. Partial 
Squared 

Corrected 
Model 

W* 74.04a 3 24.68 39.08 0.01 0.177 

  B* 340.17b 3 113.39 14.92 0.01 0.076 

Intercept W* 506.06 1 506.06 801.20 0.01 0.595 

  B* 8150.94 1 8150.94 1072.34 0.01 0.663 

Ability W* 69.01 1 69.01 109.25 0.01 0.167 

  B* 181.68 1 181.68 23.90 0.01 0.042 

Anxiety W* 7.72 1 7.72 12.22 0.01 0.022 

  B* 116.79 1 116.80 15.37 0.01 0.027 

Ability * 
Anxiety 

W* 7.18 1 7.19 11.38 0.01 0.020 

  B* 0.92 1 0.92 0.12 0.73 0.000 

Error W* 344.87 546 0.63      

  B* 4150.18 546 7.60      

Total W* 929.81 550        

  B* 17302.5 550        

Corrected 
Total 

W* 418.91 549        

  B* 4490.34 549        

R Squared = .237 (Adjusted R Squared = 0.210) 
R Squared = .098 (Adjusted R Squared = 0.065) 

It is noteworthy to state that for univariate analysis, Bonferroni adjustment reduces the likelihood of 
making a Type 1 error when multiple analyses are performed (Pallant, 2011). Thus, by dividing the original 
alpha level of 0.05 by 2 (number of dependent variables), a new alpha level of 0.025 is used. Table 6 revealed 
a statistically significant difference in the response aberrance displayed by the examinees as measured by W* 
(F(1,546) = 109.25, p < 0.025, η2 = 0.167), and B* (F(1,546) = 23.90, p < 0.025, η2 = 0.042) based on students’ 
ability. Also, the Adjusted R Squared value of 0.210 and 0.065 indicated that examinees ability accounted for 
about 21.0% and 6.5% of the variation observed in the combined DVs of W* and B* of examinees in 
Mathematics respectively. Furthermore, figures 4a and 4b presented plot of estimated marginal mean for W* 
and B* for examinees’ ability and test anxiety. 

Figure 4a. Simple plot on interaction effects between student ability and test anxiety on within-ability (W*) 
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Figure 4b. Simple plot on interaction effects between student ability and test anxiety on within-ability (W*) 

 

 

Figures 4a and 4b showed that the estimated marginal means of within-ability (W*) for examinees with 
low and high ability was (M =1.704 and M = 0.785), while estimated marginal means of beyond-ability (B*) 
values for examinees with low and high ability was (M = 5.741 and M = 4.249). This indicated that for 
within-ability (W*) examinees with low ability exhibited higher response aberrance. Meanwhile, in all, the 
W* and B* mean values were above 0.5 benchmark. More so, it was clear that the response aberrance of low 
ability examinees was more than that of high ability examinees as measured by W*. This indicated that the 
examinees missed some of the questions within the confine of their ability level. Also, the response aberrance 
as measured by B* for low ability examinees was more than that of high ability examinees which depicts that 
some examinees responded to some items that are beyond their ability level. 

There is no significant main effect of test anxiety on response aberrance as measured by W* and B* 

Table 6 also remarked a statistically significant difference in the response aberrance displayed by the 
examinees as measured by W* (F(1,546)  = 12.22, p < 0.025, η2 = 0.022), and B* (F (1,546) = 15.37, p < 0.025, 
η2 = 0.027) based on text anxiety. Also, the Adjusted R Squared value of 0.210 and 0.065 indicated that 
examinees ability accounted for about 21.0% and 6.5% of the variation observed in the combined DVs of W* 
and B* of examinees in Mathematics respectively. This implies that exam fever or tension before the 
examination contributed immensely to the aberrance response pattern of the examinees. Furthermore, figures 
4a and 4b showed that the estimated marginal means of within-ability (W*) for examinees with low and high 
test anxiety was (M =1.398 and M = 1.091), while estimated marginal means of beyond-ability (B*) values 
for examinees with low and high test anxiety was (M = 4.397 and M = 5.593). This showed that for within-
ability (W*) examinees with low test anxiety displayed greater response aberrance. Meanwhile, in all, the W* 
and B* mean values were above 0.5 benchmark. Also, it was evident from figure 4a that the response 
aberrance of examinees with low test anxiety was more compare to high examinees with test anxiety as 
measured by W*. This indicated that the examinees missed some of the easy items due to their level of 
anxiety.  

There is no significant interaction effect of student ability and test anxiety on response aberrance as 
measured by W* and B* 

More so, the response aberrance as measured by B* for examinees with high test anxiety was higher than 
low test anxiety examinees, which depicts that examinees responded correctly to some difficulty items that 
are beyond their ability. Furthermore, a sloping plot was used to obtain a better understanding and clarity of 
the overall interaction pattern and to determine whether a significant relationship existed between 
participants’ ability (low vs high) and test anxiety (low vs high). The graphs in Figure 4b do not show parallel 
slopes, while Figure 4a shows interactive slopes. As a result, only the within-ability (W*) had significant 
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interactions across students' ability and test anxiety. As shown in Figure 4b, there was no interaction between 
low-ability and high-ability participants regarding their test anxiety. 

 

4. DISCUSSIONS 

The importance of providing fair and accurate scores to examinees cannot be overstated. A test score can 
often be spuriously high or low due to aberrant responses, but this is often unavoidable in reality.  First, the 
distribution pattern of the students’ aberrance to the test showed that it followed a normal distribution. This 
allows us to choose a parametric method to analyse their responses. In addition, there is evidence of a positive 
relationship between beyond-ability and within-ability for the student, which infers those students are getting 
correctly items at a difficulty level above their ability and getting wrong items that are within the ability range 
that is the easy items. This position laid credence to the work of Kim and Moses (2016); Chen (2004), that 
this could mean there are some assistance received by the students in the course of responding to the items, 
and they are not worried about getting any item wrong, even if they are the easiest of the pack. Also, on the 
basis of simulated data sets, Huang (2002); D’Costa (1993b) reported that W* and B* appear to be positively 
correlated, and there is a curvilinear relationship between these two indices and the ability ratio. In contrast, 
using real data, D’Costa (1993a) found that the W* index is negatively correlated with the total score, while 
the B* index is positively correlated with the total score and W* and B* are negatively correlated with each 
other. 

A higher level of beyond-ability (B*) further indicates the likeliness of students having assistance while 
responding to the test items, which distorted the actual ability level of the students. It was also discovered that 
students with a lower levels of anxiety have better mean scores on the test, which indicates that anxiety would 
have a negative relationship with student achievement on the test. This is according to the submission of 
Spielberger & Vagg (1995); Chen (2004) that students should be tested in a conducive environment when 
they are not going through any negative physical, mental or psychological situations. However, test anxiety 
has negatively impacted both school and college achievement according to (Alpert & Haber, 1960; Hill & 
Sarason, 1966; Wigfield & Eccles, 1989). Findings also showed that most of the lower achievers have higher 
mean scores than higher achievers, which explains high level of beyond-ability frequencies and further 
buttresses the possibility of assistance from external individuals outside of the original test takers.  This 
argues the submission of Chen (2004) that low ability students demonstrated higher response aberrance than 
high ability students as measured by W*. The poor responds of low ability students to easy items according to 
the finding of Chen (2004) may be caused by their ability, poor preparation and plodding. It was also 
observed that lower achievers have higher mean value for both within-ability and beyond-ability students. 
More so, female examinees missed some questions within the confines of their ability level. Also, the 
response aberrance as measured by B* for low ability examinees was more than that of high ability 
examinees, which depict that some examinees responded correctly to some items beyond their ability level. 
This position disagree with Jing (2004) that males produced more irregular responses for both cognitive and 
personality tests, which indicates that males produce more irregular response patterns compared to their 
female counterpart. 

 

5. CONCLUSION 

From this study, it has been revealed that rendering assistance for students during assessment can only 
distort the student's true ability but can be revealed through statistical analysis. In addition, anxiety can 
negatively affect the level of student achievement, which will pass wrong impression about the level of 
student ability. There should be awareness on how to reduce the student anxiety before the exam so as not to 
have negative impact on their response pattern.  
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