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Abstract 
Measurement in the behavioural sciences is not devoid of errors. Unlike in the 

physical sciences where they are already existing standardized calibrated 

instruments and the measurement is direct; it is quite different in behavioural and 

psychological measurement where education is a subset. The variables measured in 

education are hypothetical and indirect. It requires the effort of the classroom 

teacher to develop a test, and he/she may not have the right skills and techniques to 

construct a valid and reliable test. These skills inadequacy, lack of expertise and a 

host of other factors, bring error in measurement. The question that arises then is 

this, why do we take decisions with scores that are affected by measurement error?  

This was the thrust of this research work. The authors explored measurement errors, 

causes of measurement errors, steps in reducing errors in measurement as well as 

the implications of the effect of measurement errors in learners’ assessment in the 

classroom setting. It was recommended that if examinations and tests are to be 

utilized for decision-making on the future of the learner, then, there is need to ensure 

that all testers, testing situations and variables are well planned to ensure that errors 

are reduced if not eradicated. 
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Introduction  

The concept of measurement is as old as man himself. This is largely because the 

universe was largely a product of measurement. At various times and even in 

scriptures, we read of how Noah, Moses, Solomon and others were given 

specifications of what to do in erecting either an ark, building a tabernacle or a 

temple. The activities of measurement are inherent in all human activities. The type 

of clothes to wear, the quantity of water for cooking a particular soup, the amount of 

mailto:babassey67@gmail.com
mailto:sylviaovat@gmail.com
mailto:ofemoracle@yahoo.com


Systematic Error in Measurement: Ethical Implications in Decision Making in Learners’ Assessment in 

the Nigerian Educational System 

B. A. Bassey, Ph.D; Sylvia V. Ovat, Ph.D & Usani J. Ofem 

138 

condiments in a meal, are all determined by elements of measurement. This implies 

therefore that even the illiterates, as we may say, cannot do without measurement. 

What then is measurement?  

 

The concept of measurement has been given diverse definitions. Denga (2003), 

Joshua (2005) and Umoinyang and Nenty (2000) as quoted in Ofem and Anagbogu 

(2015), defined measurement as a systematic process of assigning numerals or 

numbers to events, places, objects, attributes and variables rather than using lengthy 

word or descriptive phrases. It is an exercise that relies heavily on numbers and 

figures. It is the representation of a whole range of information in quantitative form. 

Test, Measurement and Evaluation in education is aimed at: 

1. Equipping the would-be-teacher with the right techniques that will aid 

him/her to measure whatever he/she is measuring with objectivity. 

2. Developing the skills that will help in constructing instrument that are reliable 

and valid in learners’ assessment. 

3. understanding the techniques in data collection, analysis and presentation. 

4. ascertaining the extent to which learners have achieved a given level of 

objective. 

5. making the right judgment based on gathered information and a lot more. 

 

However, measurement in physical science is different from measurement in 

psychological or behavioural sciences. Measurement in the physical sciences is more 

precise, accurate and easy to be carried out. This is largely due to the fact that, these 

activities are carried out under a strict experimental conditions, holding all 

extraneous variables relatively constant as well as utilizing standardized calibrated 

instrument that can easily be applied to all situations, objects and environment 

without differences in scores obtained. However, this is sharply different in 

psychological testing and measurement.  

 

Psychological measurement 

Psychological measurement involves the use of human elements that are quite 

different and difficult to predict. The variables or constructs that are measured in this 

aspect of measurement are unstable. This is because a trait that is exhibited today can 

be changed at a geometric rate tomorrow, giving rise to an entirely different 

outcome. Psychological tests (also known as mental measurements, psychological 

instruments, psychometric tests, inventories, rating scales) are standardized measures 

of a particular psychological variable such as personality, intelligence, or emotional 

functioning. Psychological measurements are concerned with the measurement of a 

sample of human behaviour. This implies that only a part of the individual is 

assessed and the respondent is often required to do something in order to obtain a 

score that would be used to infer the presence or absence of the construct of interest 
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being measured. The respondents are therefore required to be placed on a scale 

calibrated with a range of items considered valid and reliable to measure such a 

construct. The question that arises then is, how valid are the items in the scale? Can 

the responses provided by the participants or respondents be consistent over a given 

period of time? Would there be variations in scores? If this does not occur, what then 

is the problem? This is where the issue of errors in measurement comes. It was on 

this basis, that Kane (1993) noted that paradoxically, errors of measurement do not 

exist, but they are essential. As illustrated below, there is nothing about a single test 

score or a pair of scores that implies the presence of errors of measurement. 

However, if two scores are taken to be measures of the same variable for the same 

person, we expect them to be equal, and if they are not equal, our data are 

inconsistent with our conceptual framework. We can resolve this dilemma by 

assuming that one or both of the measurements contain errors. 

 

Measurement error 

Charles Spearman was one of the founders of the classical test theory, 

having an understanding that there were generally always going to be errors 

in test measurements, that these errors are random variables, and that they 

could be correlated and indexed. The term error is anything that causes deviation 

of scores in measurement. There are two types of errors mostly discussed in 

behavioural sciences. These are the random error and systematic error (Roberts, 

2006). 

 

This is well modelled in the classical test theory which posits that for every observed 

score, there are two components: The true score and the error score. Classical test 

theory assumes that each person has a true score, that would be obtained if there 

were no errors in measurement. A person's true score is defined as the expected 

number less correct score over an infinite number of independent administrations of 

the test. Unfortunately, test users never obtained a person's true score, only an 

observed score. It is assumed that observed score = true score plus or minus some 

error:  

Observed score (X) = True score (T)   Error Score (E) 

i.e. X=T E 

Where E = systematic error and random error.  

 

As indicated by the notation, the true score depends on the person but not on the 

conditions of observation, while the error and the observed score depend on both the 

person and the specific observation. The error varies from observation to observation 

and from person to person, and therefore the observed scores also vary from 

observation to observation and from person to person. The true scores of classical 

test theory are constructs. They are introduced, or constructed, to fulfil a role - to 



Systematic Error in Measurement: Ethical Implications in Decision Making in Learners’ Assessment in 

the Nigerian Educational System 

B. A. Bassey, Ph.D; Sylvia V. Ovat, Ph.D & Usani J. Ofem 

140 

represent the fixed part of the observed score for each person. The value of this 

construct is stipulated to remain the same across repeated measurements (Messick, 

2008). Based on the above equation, Yij = Tij, that is where error is partialed out, the 

true score of the examinee equals his/her ability; if there is no error, then the 

measurement instrument is valid and reliable. Unfortunately, however, error does 

exist because our instruments express approximations of the true state of affairs at 

any given measurement. We hope that these measurements include some sources of 

error that is distributed normally around the participants in our study and has no 

systematic form.  

 

The assumptions in classical test models are: expected error scores will be equal to 

zero, correlation between error scores on parallel test is zero, correlation between 

error scores on one measurement and true score in the same measurement is zero 

(Alordiah & Ochuku, 2016). These assumptions imply that with repeated 

measurements, random errors are expected to cancel out such that the observed score 

would be equal with the true score (X=T). A random error is associated with the fact 

that when a measurement is repeated, it will generally provide a measured value that 

is different from the previous value. It is random in the sense that, the next measured 

value cannot be predicted exactly from such previous values. (If predictions were 

possible, allowance for the effect could be made.) In general, there could be a 

number of contributions to each type of error. Random error arises when we find 

that, for a true score (Xx) that is invariant, we observe variability in our observed 

score (X0) (Nenty, 2015). That is, the same measure, when taken more than once 

yield different scores. It indeterminately occurs whenever physical or psychological 

measurement is made.  

 

Systematic error in measurement  

Nenty (2015) posits that given the same amount of ability which an examinee or a 

group of examinees might share with others, anything that makes him/her differ in 

performance is a source of systematic error. A systematic error (an estimate of which 

is known as a measurement bias) is associated with the fact that a measured value 

contains an offset. In general, a systematic error, regarded as a quantity, is a 

component of error that remains constant in a specific manner on some other 

quantity. It is error that is possible to be controlled by an examiner or group of 

examiners and other institutions saddled with the responsibilities of obtaining scores 

but left unattended to.  

 

Systematic error, or bias, is the difference between an observed value and the true 

value due to all causes other than sampling variability (Waller, Thompson & Wenk 

2000). Systematic error arises from a flaw in the measurement scheme which is 

repeated each time a measurement is made. In other words, if each time we 
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administer a psychometric instrument, we do the same thing wrongly, our 

measurement will differ systematically from the correct result. Systematic error can 

arise from (a) the characteristics of the tool, (b) the measurement process, (c) the 

participants’ characteristics, and (d) combinations of the three main sources 

(Campbell & Russo, 2001). This type of error has been termed “transient error” 

(Becker, 2000). As Schmidt, Le and Ilies (2003) stated: “Transient errors are defined 

as longitudinal variations in responses to measures that are produced by random 

variations in respondents’ psychological states across time” (p. 206). Systematic 

error introduces to our measurement a bias that has direction. That is, across repeated 

measurements of the same effect, we observe that scores of the same participants 

drift in a specific direction (e.g. improvement as if there is a learning effect). Some 

sources of systematic error are: (a) errors in the quality of the measuring instrument: 

for example, if there is no correct answer in a multiple choice item, all test takers will 

systematically get scores lower than their actual scores; (b) inappropriate testing 

conditions: for example, if there is loud traffic nearby, just outside the classroom 

where students are taking a test, this noise is liable to affect all of the children's 

scores - in this case, systematically lowering them; (c) bias of the experimenter: the 

experimenter might consistently read the instructions of an instrument incorrectly, or 

might allow knowledge of the expected value of a result to influence the 

measurements, (d) may just be an expression of different response styles (Weijters, 

Geuens & Schillewaert, 2010) or (e) can reflect an interaction of factors (Kim & 

Seltzer, 2011). 

 

Although random errors can be handled more or less routinely, there is no prescribed 

way to deal with systematic errors. One must simply sit down and think about all of 

the possible sources of errors in a given measurement, and then do small experiments 

to see if the sesources are active. Thus, the main objective in a psychological 

assessment procedure is to reduce the systematic error to a value smaller than the 

random error (Taylor, 1997). Other researchers have frequently presented raters and 

judges as bringing systematic error to measurement situations (e.g., Wolfe, 2004; 

Wolfe & Smith, 2007). Indeed, previous research has shown that when respondents 

feel low intrinsic motivation to generate high-quality data and perceive the cognitive 

costs of performing the process necessary for high-quality answers as burdensome, 

they will compromise their standards, expend less energy, and therefore choose a 

satisfying response strategy (Krosnick, 1999). Fatigue (mental or physical) is another 

potential source of systematic error in testing conditions. Fatigue can be defined as a 

psycho-physiological state resulting from sustained performance on cognitively 

demanding tasks and coinciding with changes in motivation, information processing, 

and mood (Sanders, 1998). One of the main characteristics of fatigue is an increased 

resistance against further effort and a tendency to reduce task engagement.  
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Bergersen and Hannay (2010) argue that when fatigue exists on the part of the 

examinees, this has a systematic decrease in performance throughout a test, 

especially when achievement or abilities are examined. This situation is called 

“fatigue effect”. From a psychometric point of view, fatigue effect could cause 

several concerns. For example, in a case where we are interested in calibrating item 

difficulty of a set of items (i.e. scale) and estimating a person’s ability, the existence 

of fatigue effect might threaten the validity of the measure if substantive theory 

presumes that the latent variable under investigation is supposed to be stable. 

Additionally, the fatigue effect will also affect item difficulty parameters; for 

example, if an item is consistently presented as the first item of a test, item difficulty 

will be biased upwards (the item will appear more difficult than it really is). This 

may further limit the feasibility of computer adaptive testing, as item parameters are 

dependent on the order of when they appeared during the calibration of the test. 

 

Systematic errors are errors that can be controlled or managed if not totally 

eliminated. Systematic errors often arise based on carelessness of examinees, 

selection of wrong instruments for measuring a particular construct or trait, 

utilization of wrong environment for testing, maintaining an unconducive 

environment for the test activities, wrong instructions, poor items development, 

scorers’ bias, lack of validity and reliability of instrument, poor data collection 

process, among others. Anything that is done by an examiner that he/she ought to 

have controlled prior to carrying out activities of assessment or measurement, 

anything that is left unattended to, thereby increasing or decreasing the score of some 

of the examinees is subject to error. Persistently, faulty instrumental or human 

observation or measurement is a good source of systematic error. Considering this 

thinking, Trochim (2006) and Nenty (2000) noted that the classical formula in 

variance form can be re-expressed as: 

V0= Vcom+ Vsystematic extraneous + Ve
2 

 

That is, our test score variance is made up of systematic variance due to the ability 

our test was designed to measure plus another systematic variance due to extraneous 

sources, plus the ever present random variance. Thus, while random error makes the 

distribution of test scores to vary or change across time, occasions, items; systematic 

error makes the score to be bigger or smaller than what it would have actually been 

without it. Hence, random error affects the variability in score not necessarily the 

difference in the mean of a given distribution, whereas systematic error affects the 

mean and not necessarily the variability of test score (Nenty, 2015).  If systematic 

errors cannot be detected or removed, they tend to be more troublesome than random 

errors of the same magnitude because they do not cancel out in the long run.  

 

Error and continuous assessment 
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The identification of error in measurement necessitated the adoption of continuous 

assessment in education. This was borne out of the fact that repeated administration 

of the instrument would help the individual obtain a score that would be very close to 

the true score. That is, if the same examination is given to the learner under the same 

condition, it was presumed that the true score would be equal with the observed score 

(X=T). This is because, measurement is concerned with ascertaining the degree of 

the presence or absence of a trait. If errors are partialled out, it is an assumption that 

the true score (individual ability under measurement) would be equal to the obtained 

score (number written in the script). However, these practice have suffered a lot of 

challenges. Continuous assessment in Nigeria is not what it is supposed to be. There 

are unqualified personnel in assessment activities, large number of students, lack of 

accessibility to item bank if at all existing in schools, incompetence in the operation 

of continuous assessment, lack of uniformity and standardization of continuous 

assessment practices. The fact here is that, additional observation generally involves 

additional time and additional costs and therefore adding enough observations to get 

the error down to where we might want it, may not be practical. This is where the 

issue lies on the effect of error in the learners’ assessment.  

 

Implication of error in decision making in learners’ assessment 

The errors of measurement do not exist in the data until we introduce them, but once 

introduced, they play a crucial role (Livingston, 2004). Error affects the score 

obtained by the individual and as far as psychological measurement is concerned, 

one cannot rule out the presence of error. Ultimate questions to be answered in this 

paper are: What do we do with a score that contains error? Would it be justifiable to 

promote or demote, admit or keep in abeyance, a learner’s chance of having access to 

admission, motivate or demotivate, guide and counsel an individual with a score that 

is identified to contain some amount of error? It should be noted that ethics seems to 

answer the question of wrong or right. Is it morally right for a decision to be made 

based on an object of error? This is the questions that triggered the curiosity of the 

researchers. Ofem and Anagbogu (2015) noted that error in measurement affects the 

learner in the following ways: 

1. It may limit the chances of a learner receiving the necessary counselling, for 

the learner who may be having personal, social and educational problems, if the 

scores obtained are inflated or deflated as a result of error. 

2. It may deny the individual the chance of getting admitted into tertiary 

institution if the score does not reflect the true ability of the learner, thereby affecting 

the potential success of the individual in life. 

3. It may affect the possibility of a student being promoted to a new class, 

consequent upon the lack of validity which is a common error source for teacher-

made test in most schools. 
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4. It presents a different identity of an individual who hitherto may have been 

conceived to be incompetent, thereby limiting the chances of being awarded, 

admitted or academically provided for (like scholarship and other benefits). 

5. Systematic error gives false information about the characteristics of an item; 

as the item may be presumed difficult or less difficult thereby necessitating good or 

bad response by the examinee. 

 

 

 

 

Prospects for reducing systematic errors in learners’ assessment  

It is obvious that eliminating systematic error in measurement is difficult but the 

following measures could be useful in reducing the presence of error for proper 

estimation of the true score of the learner: 

1. Examination should be handled by test experts across all levels of instruction, 

especially in tertiary institutions where anything can be packaged and administered 

to students as aptitude test. Alternatively, items calibrated for this examination 

should be submitted for scrutiny and validation before administration. 

2. Measurement experts and evaluators in tertiary institutions of learning should 

intensify effort in ensuring that would-be-teachers are properly inculcated with the 

skills and abilities to develop test that could relatively be valid for learners’ 

assessment. 

3. To reduce errors in the human scoring of questions that cannot be scored by 

computer, such as open-response and essay questions, two or more scorers can score 

each item or essay. If they disagree, the item can be passed on to additional scorers. 

4. Differential assessment technique can be used by assessors in getting more 

comprehensive information concerning students’ achievement and learning growth. 

5. Policy makers can lower or eliminate the consequences resulting from test 

results to minimize score inflation and reduce the motivation to manipulate results. 

 

Conclusion 

Measurement is an important element in the teaching and learning process. This is 

because it provides us with quantitative information that is used to make decision 

about the progress of the learner as well as determining the ability of the learner. 

However, measurement in education is not error free. These errors are emanating 

from different sources. Ethically, it would be wrong to base a decision on a faulty 

object. If it would be possible, one would have said that as long as error is inherent in 

our measurement processes, efforts should be intensified to eliminate all forms of 

errors before decision would be taken based on the scores produced, because much is 

done with the scores obtained from measurement. However, this is not possible. 

Therefore, the onus is on assessors and evaluators to reduce errors in measurement as 

http://edglossary.org/score-inflation/
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much as possible, so that what is obtained is relatively close to the true score of the 

examinee. And decision taken about the learners would almost be correct and certain. 

 

Recommendations 

From the suggestions made to eliminate systematic error and the conclusion, the 

following recommendations are made: Researchers and teachers should try as much 

as possible to minimise systematic error in the assessment of learners. Anytime 

errors are discovered or noticed in the scores of learners, decisions should not be 

taken on the learners based on such scores. Only teachers with appropriate skills 

should be involved in test construction in order to objectively produce reliable and 

valid tests results for making right judgement on the learners. Finally, 

testers/examiners should ensure that tests situations and variables are well planned to 

meet standard conditions in order to reduce errors if not completely eliminated.    
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