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ABSTRACT 

This study aimed at the development and validation of statistical literacy scale for postgraduate 

(PG) students in faculties of education of public universities in South East, Nigeria. One hundred 

and twenty (120) items were generated, guided by a table of specifications. These constituted the 

first draft of the instrument. This draft was given to two experts in Educational Measurement and 

Evaluation and an expert in statistics, all from Nnamdi Azikiwe University Akwa. They were 

requested to critically examine the items of the draft instrument in terms of coverage and quality 

of items. After this initial validation, 110 items survived. These items made up the Second draft of 

the instrument. Six research questions were raised to guide the study. Instrumentation design was 

adopted. The study was carried out in South East Nigeria, with the population made up of all 2969 

postgraduate students offered admission in 2020/2021 session in the public universities in South 

East, Nigeria. A sample of 1,000 students, was used for the study, made up of 400 that were used 

for trial- testing and 600 that were used for ascertainment of reliability and validity. Each of the 

two samples was obtained, using multi-stage sampling technique. After the initial validation, the 

110 items that survived were administered on 400 students. Scores obtained from the students were 

subjected to item analysis. Consequently, the difficulty, discrimination and distracter indices for 

each item were computed. Forty items, which were found to be acceptable in terms of each of the 

three indices constituted the final instrument. This final instrument was then administered on the 

second sample of 600 postgraduate students. scores obtained from this second testing were used 

to ascertain evidences of reliability and validity for the instrument. The result showed that a 

reliability coefficient of 0.87 was obtained when Kuder –Richardson 20 method was used while a 

coefficient of 0.81 was obtained when split-half method was used. Scores obtained with the 

instrument converged with those obtained with Statistical Reasoning Test (SRT) and diverged with 

those obtained using Test Anxiety Questionnaire {TAQ}. Based on the above, it was concluded 

that the new instrument (Postgraduate Students’ Statistical Literacy Scale) was reliable and valid.     

 

Keywords: Statistical literacy, instrument development, validation, reliability, statistical 

assessment, measurement. 
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Introduction 

Testing has become one of the most critical parameters by which a society judges the product of 

her educational system. Testing has been an integral part of the school system, to the extent that 

even the habitual absentees normally turn up to school and present themselves for testing on 

examination days. The reason for testing is to identify the latent ability of examinee. Testing has 

been accepted in most modern societies as the most objective method of decision making in 

schools, industries, and government agencies. A test is a set of questions or statement that have 

been structured and graduated to elicit and measure responses about an attribute (Kunuba and 

Anigbo, 2023). Tests are used for gathering valuable data on which educational decisions are based 

(Carik and Ari, 2022). These decisions are valid and centred on the learner so that such decision 

should be carefully based on authentic and accurate data. Authentic and correct data collected from 

testing helps the lecturer to ascertain the extent to which the instructional objectives have been 

achieved, provides feedback on the efficiency of his teaching methods and materials. On the part 

of the learner, it increases their motivations to learn and helps to determine one’s area of strengths 

and weaknesses. Teacher-made achievement test and standardized achievement test are frequently 

used in achieving these ends.  

 

Achievement tests are the tests designed to evaluate how much learning that has taken place due 

to exposure to a given instruction of learning. Karl (2022) defined achievement test as an 

evaluation of past or present learning by measuring progress, which students have made as a result 

of instruction or training. A teacher-made achievement test is that test which is designed by 

classroom teachers (Fajobi, 2019). They had observed that teacher-made achievement tests lack 

uniformity in administration and scoring. Therefore, there is a need for well-constructed, 

standardized test to help reduce the deficiencies of the teacher-made test in statistics. Moreover, 

the teacher-made tests that are always in use for evaluation of learning outcomes lack test norms 

and test manuals. According to Obilor (2019), because they do not have norms and test manuals, 

informal achievement test scores are “limited in comparison and interpretation. Hence, the need 

for standardized test. 

 

A standardized achievement test is that test, which is designed by a test expert and has been 

subjected to certain statistical analysis to ascertain the psychometric properties of the test. Test 

norms enable us to understand how students perform in a given test. Test standardization is a 

crucial stage in test development. According to Fajobi (2019), test standardization is a relatively 

difficult task which requires experience, concentration, a thorough knowledge of the subject 

matter, and a good deal of patience. Standardized tests are usually the product of experienced 

teachers, curriculum specialists and test experts. Standardized test covers a wider area of skills and 

knowledge than the teacher made test. A standardized test is usually based on the course content, 

and objectives common to many schools across a country, state or a designated geographical area 

and the preparation, therefore, requires more skills. Hence, the highly skilled nature of the 

personnel required for its construction and the time available is usually long. As observed by Carik 

and Ari (2022), most classroom teachers cannot or will not be able to undergo the rigours involved 
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in constructing and validating achievement test. Obilor (2019) stated that this is because classroom 

teachers are not skilled in the act of construction and standardization of tests. The procedures 

adopted in their test development are haphazard, narrow in scope and covers few topics taught 

within a specified period (Carik and Ari, 2022). They went on to say that such tests are designed 

to suit the convenience of the locality where they are produced, and staff member of the school 

usually administer such test.  achievement test. In most cases, such classroom test lacks validity 

and reliability that are essential characteristics of a good test. Planning the test, preparing the test, 

experimental try out and revision, administering the standardized edition and provision of norms 

to guide interpretation of test scores.  

 

A standardized test is usually tested, and the responses are subjected to item analysis (Haw and 

Sharif, 2020). Haw and Sharif went further to say that such test could only be prepared by subject 

teachers who work with specialists in test development. According to them, this will make it 

possible to determine the psychometric qualities of the items such as item difficulty, discriminative 

and distracter capacities as well as the validity and reliability of the test. It should be noted that the 

teaching of advance statistics is not complete until every aspect of the concepts taught has been 

adequately evaluated.    

 

One of the roles of a university is to prepare graduates with skills for their future, particularly in 

the workplace. An important aspect of such learning skill, is statistical literacy. Man, now lives in 

a data-drenched society, and it is the responsibility of educators and statisticians to promote, 

enhance and develop statistical literacy within the immediate community. Statistical literacy, as a 

concept, includes the ability to read and interpret statistical data in one’s daily activities (Ukar, 

2012). Examples of statistical data include graphs, tables, statements, statistical surveys and 

studies. It is also considered a facilitator of students’ navigation of the depths of the data-driven 

world.  

 

Therefore, students are expected to have the ability to not only read statistical results and data 

summaries, but to understand and critique them (Watson, 2006). Statistical literacy is often touted 

as an expected outcome of schooling and as a necessary component of adults’ numeracy and 

literacy (Garfield & Ben-Zvi, 2007). Budgett and Pfannkuch (2007) explain it to be the ability of 

an individual to view the world and its phenomena from a statistical perspective, after being able 

to statistically construct and synthesize sound reports from analyzing original sources. It thus 

suffices to infer that statistical literacy refers to a student’s capacity to interpret measured 

phenomena in logical, numerical, and analytical forms. In Nigeria, the higher-level aspect of 

statistical literacy, which include: critical thinking and statistical reasoning have appeared in some 

of the policies and practices in the Universities (Okebukola, 2017). Critical thinking and statistical 

reasoning are among the major competencies a post graduate student is expected to have.  

 

The post graduate students in the universities are usually prepared to acquire the attributes and 

skills a student is expected to possess after their 3-year/4-year PG programme. The list of specific 
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attributes includes knowledge of and an ability to apply scientific principles and concepts; solving 

problems through the application of scientific knowledge and methods; demonstration of analytical 

abilities, and the development of skills for lifelong learning. Others are ability to understand, 

evaluate, access and critically review new information; the ability to think independently; ability 

to demonstrate in-depth knowledge of and skill in his or her major subject; and ability to effectively 

access and use information relevant to the subject. The rest of the attributes are the demonstration 

of numeracy skills, and ability to work collaboratively on tasks, among others.   

 

Statistical literacy measuring tools such as Schield’s (2008) Statistical Literacy Skills Survey, 

Watson’s (2003) framework for statistical literacy and that of Gal (2002) have been in use in 

practice and in research (Keosayian & Johnson, 2014) to determine the statistical literacy of 

university students. These tools were developed for use with the ultimate purpose of making 

curricula adjustments to enhance statistical literacy and reasoning. The problem with a good 

number of these measurement tools is that most of them are meant for undergraduate students. 

Statistical literacy is of great importance to students offering Advanced Educational Statistics in 

higher institution. It has been demonstrated that students with good knowledge of statistical 

literacy will do well in Advance Educational Statistics. In other words, there is strong relationship 

between statistical literacy and students’ academic achievement in advanced educational statistics. 

Karl (2022) also stated that a strong correlation between two similar constructs is evidence of 

convergent validity while a weak correlation between two different constructs is evidence of 

divergent validity. Convergent validity refers to strength of the relationship between 

the scores that are obtained from the two different measurement constructs you are interested in. 

In order to establish convergent validity, the strength of the relationship between the scores from 

the two different measurement procedures, is assessed. This is usually achieved by calculating a 

correlation between the scores from two constructs. A strong relationship, helps to demonstrate 

convergent validity. Divergent validity also helps to establish construct validity by demonstrating 

that the construct you are interested in is different from other constructs that might be present in 

your study. The extent to which divergent validity has been demonstrated is the strength of the 

relationship between the scores that are obtained from the two different constructs. In divergent 

validity, we are interested in the extent to which the scores diverge. That is little or no relationship 

should be found between the scores between the two different constructs  

 

Considering the relevance of Advanced Educational statistics as a are subject in the curriculum of 

the university education, and the fact that most of the existing instruments for measuring statistical 

literacy, known to the researchers are meant for undergraduate students, there is need for a valid 

instrument for measuring statistical literacy of university postgraduate students. The primary 

concern of this study therefore is to develop and validate a statistical literacy scale for university 

postgraduate students  
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Purpose of the Study  

The main purpose of this study was to develop and validate an instrument for assessing statistical 

literacy of post graduate student in faculty of Education in South East Nigeria. 

Specifically, the study sought to: 

1. identify the major dimensions of statistical literacy relevant to [target population]; 

2. develop items for measuring the identified dimensions; 

3. establish evidence of the content validity of the instrument; 

4. determine the empirical characteristics of the items; 

5. determine the construct validity of the instrument; and 

6. establish the reliability of the final instrument. 

 

Research Questions 

 To address the above problem the following research question were posed 

1. `What are the difficulty indices of PGSSLS? 

2. What are the discrimination indices of PGSSLS? 

3. What are the distracter indices of PGSSLS? 

4. What are the items that made up the final instrument? 

5. What are the evidences of reliability of the instrument? 

6. What are the evidences of validity of the instrument?  

Literature Review 

Concept of Statistical Literacy 

Statistical literacy involves the knowledge and skills required to understand and make appropriate 

use of statistical information. It involves more than computation because statistical information is 

usually presented within a context. 

A statistically literate individual should be able to read tables and graphs, understand percentages 

and averages, interpret statistical statements, recognize misleading presentations and communicate 

conclusions based on statistical evidence. 

 

Components of Statistical Literacy 

For the purpose of this study, statistical literacy may be represented through the following 

dimensions: 

• understanding basic statistical concepts; 

• interpreting tables and graphs; 

• interpreting measures of central tendency; 

• understanding percentages, ratios and proportions; 

• interpreting variability; evaluating statistical claims; 

• drawing conclusions from statistical information; and 

• communicating statistical information. 

The final dimensions should, however, be determined from the literature, curriculum and expert 

review relevant to the target population. 
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Instrument Development Procedure   

The first step in constructing the instrument was to define the construct being measured and 

identify the various levels of educational objectives as stipulated by Bloom. Thereafter, a table of 

specifications or test blueprint was constructed based on the course contents of Advance 

Educational Statistics taught to postgraduate students in faculties of education in public 

universities in South East Geopolitical Zone. The course content included review of basic 

statistical concept, descriptive statistics, inferential and non-parametric statistics, t-test statistics, 

ANOVA, ANCOVA, correlation and regression analysis, chi-square and statistical techniques 

post-hoc analysis. 

 

Items measuring the statistical literacy of postgraduate students of faculty of education were 

generated from various sources, such as education statistics selection tests, standard achievement 

tests, textbooks, and from day-to-day experiences as a researcher. The first draft of the instrument 

consisted of one hundred and twenty multiple choice test items with four options-one key (correct 

answer) and three distracters. 

 

The first draft instrument which was made of 120 items was presented to two experts in 

Measurement and Evaluation, from Nnamdi Azikwe University, Awka and one statistics expert 

from the Department of Statistics in the same University. The experts were requested to scrutinize 

the instrument in terms of language, level of testees, clarity of language and relevance; others 

include appropriateness of stems, options and spacing of items directions for administration and 

scoring among others. The experts were also requested to indicate if the items were relevant to the 

construct being measured. Their suggestions and corrections were effected on the first draft 

instrument.   After this stage of validation, the number of items were reduced from 120 to 110 to 

give rise to a second draft.  

Thereafter, the second draft of the instrument was subjected-testing to the trial on a sample of 400 

PG students obtained from the study area through the help of Advanced Educational Statistics 

Lecturers. The Advanced Educational Statistics Lecturers that were involved in the administration 

of the instrument were guided by the researcher to ensure uniformity in the administration of the 

instrument.  

 

The responses obtained from the students were used to do the item analysis. Consequently, item 

difficulty index, item discrimination index and distractor indices were obtained for each of the 110 

items. In order to obtain these indices, the scripts of the respondents were arranged from that of 

the highest scorer to that of the lowest scorer. There after the scripts of the 27% of the high scorers 

and those of the 27% of the bottom scorers were identified. The responses of the top 27% and 

bottom 27% of the scorers were used to compute the indices (108 scripts for upper group and 108 

scripts in lower group). 

 

After the item analysis of the 110 items, 40 items survived the analysis. The 40 items that had the 

desired qualities were assembled.  To constitute the final instrument.  The final instrument along 
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with two other instruments statistical reasoning test and test Anxiety Questionnaire, were 

administered on another sample of 600 postgraduate education students, obtained from universities 

in the study area, outside the ones that were used for trial –testing. Scores obtained from those 

instruments were used to ascertain evidences of reliability and validity of the instrument.   

 

Method 

Research Design  

The design of this study was instrumentation research design. Eze (2003) defined instrumentation 

research as one in which the main thrust of the study is geared entirely towards the development 

and standardization of an instrument whose different psychometric properties have been 

empirically determined.  Similarly, Chime (2012) described instrumentation research design as a 

study which aims at investigating and introducing new or modified procedures, technologies or 

instrument for educational practice.  The design is appropriate for the study because it is on the 

development and validation of instrument for assessing statistical literacy. 

 

Area of the Study         

The study was conducted in the South East geopolitical zone of Nigeria. South-East bordered in 

the north-by-North Central Geopolitical Zone, in the West and South by South South Geopolitical 

Zone and in the East by Cameroon Republic. The South Eastern Nigeria has five states which are: 

Abia, Anambra, Ebonyi, Enugu and Imo states. These states have common boundaries with each 

other. The people of the South East, Nigeria, are predominantly of Igbo speaking ethnic group. 

They are mostly known for their commercial activities.  

 

The Zone also adds a rich agricultural importance to the economy of Nigeria with crops like yam, 

maize, potatoes, rice, cashew, plantain and cassava extensively cultivated. The region is also rich 

in natural resources, including crude oil, natural gas, lead, zinc, iroko, mahogany, obeche, rubber 

trees and oil palms. The region is well known for higher human capital because of presence of 

several public universities: Abia State University, Utulu. Chukwuemeka Odumegwu Ojukwu 

University Igbariam, Nnamdi Azikiwe University, Awka, Ebonyi State University, Abakaliki, 

Enugu State University of Science and Technology Enugu, University of Nigeria Nsukka, Imo 

State University Owerri, Mcheal Okpara University, Umudike, Alex 

Ekwueme Federal University Ndufu-Alike and Federal University of Science and Technology, 

Owerri. 

 

Population of the Study    

The population of the study comprised 2969 postgraduate students (made up of 1197 phD  and 

1772 masters students offered admission in 2020/2021 academic session (Source: Exams and 

Records of PG Schools of public universities in South East, Nigeria)  in faculties of education of 

public universities in South East Geopolitical Zone,these were Abia State University, 

Chukwuemeka Odumegwu Ojukwu University Igbariam, Nnamdi Azikiwe University,Awka. 

Ebonyi State University, Abakaliki, Enugu State University of Science and Technology Enugu, 
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University of Nigeria Nsukka, Imo State University and Mcheal Okpara University, Umudike, 

Alex Ekwueme Federal University Ndufu-Alike and Federal University of Science and 

Technology, Owerri. 

 

Sample and Sampling Technique      

Two different samples were used in this study. The first sample was used for trial testing of the 

initial draft of the instrument after preliminary validation had been done, while the second sample 

was used for final testing of the instrument to establish validity and reliability of the final scale. 

The first sample consisted of 400 PG students in faculties of education from three universities in 

the study area. The researchers made use of a combination of multi-stage and stratified random 

sampling procedures. At the first stage simple random sampling technique was used to obtain three 

universities in the study area. The faculties of education in those three universities were used. At 

the second stage, four departments, from each of the three faculties were obtained through simple 

random sampling. At the third stage, students in each of the four sampled departments were 

stratified according to their programmes of study (Ph.D. and masters.) fifty percent (50%) of the 

students in each of the two programmes in each of the departments, were obtained through simple 

random sampling. The exercise gave rise to 400 PG students made up of 176 Ph.D. and 224 

master’s students.  

 

The second sample consisted of 600 PG students from the faculties of education in four sampled 

universities. Any university previously used for trial-testing was excluded during this second 

sampling. A combination of multi-stage and stratified sampling procedures was again used. At the 

first stage, simple random sampling procedure was used to obtain four universities outside those 

that were used for trail testing. The faculties of education in these four universities were used for 

the study. At the second stage, four departments, from each of the four faculties, were obtained 

through simple random sampling. At the third stage, students in each of the four departments 

sampled were stratified according to programme of study and fifty percent of students in each 

programmed obtained of study and fifty percent of students in each programmed obtained through 

simple random sampling. The exercise gave rise to 600 PG students made up of 224 Ph.D. and 336 

master’s students. 

 

Method of Data Analysis  

Research Question 1 to 3 were answered by categorising the items according to the values of the 

indices. 

Research Question 4 was answered by listing the items that were acceptable in terms of each of 

the indices.  Research Question 5 was answered using Kuder- Richardson and Split-Half methods. 

To answer Research Question 6, the researchers ascertain evidences of construct validity. This was 

done by determining how data obtained with the instrument converged or diverged with measures 

of other constructs. In other words, evidences of convergent and divergent validity were 

ascertained by correlating scores obtained with the Statistical Literacy Scale with scores obtained 

with Test Anxiety Questionnaire (TAQ), and Statistical Reasoning [SRT] 
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Result and Discussion 

Research Question 1: What are the difficulty indices of the items of the draft PG Students 

Statistical Literacy Scale? 

The results are presented in table 1 

Table.1: Summary of Difficult Indices of Draft PG Students Statistical Literacy Scale. 
Range 

of indices   of 

items 

                            Items Remarks 

Below.30 43 4, 5, 7, 8, 9, 10, 11, 14, 15, 16, 17, 18, 20, 23, 25, 26, 27, 28, 29, 30, 32, 34, 36, 

37, 38, 39, 43, 46, 50, 57, 58, 65, 68, 70, 73, 77, 81, 86, 97, 100, 101, 105, 108 

Too difficult and 

rejected  

.30-.70 64 1, 2, 3, 6, 12, 19, 21, 22, 24, 31, 33, 35, 41, 42, 44, 45, 47, 48, 49, 51,52, 53, 54, 

55, 56, 59, 60, 61, 62, 63, 64, 66, 67, 69, 71, 72, 74, 75, 76, 78, 79, 80, 82, 83, 84, 

85, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 98, 99, 102,103, 104, 106, 107, 109 

Good and retained 

Above .70 3 13, 40, 110 Too easy   and 

rejected 

 

The finding shows that 64 of the items had difficulty indices falling between 0.3 and 0.7.   This 

finding is in line with that of Gourav (2015), who constructed and validated Achievement Test in 

Economics, and found that 70 items had difficulty values (DV) ranging from 0.20 to 0.75. An 

achievement test must include varying difficulty levels and should provide reasonable opportunity 

for students of different intellectual levels (Sidhu, 2007).  Sidhu also opined that for a five – option 

multiple choice objective test items, the acceptable level of difficulty should fall between the range 

of .30 to .70. Asuru (2015) was of the opinion that in norm-referenced test, an acceptable item 

difficulty range is between 0.40 and 0.60 or optimum of 0.50. This finding is similar to the findings 

of Balogun and Mustapha (2014) who constructed and validated an achievement test for upper 

primary science. The 102 items had difficulty indexes which ranged from 0.30 to 0.70 and a 

discrimination index of 0.20 to 1.00. Also, the finding is similar to the study result of Okeme 

(2011). In the study, 50 test items were developed in Mathematics achievement test. The difficulty 

indices ranged between 0.30 and 0.8. 

 

Research Question 2: What are the discrimination indices of the draft PG Students Statistical 

Literacy Scale? 

The results are shown in table 2. 

  Table .2: Summary of Discrimination Indices of the Draft Instrument 
Range of 

Indices                         

items                                                      

No of                          Items 

 

Remark 

 

.30 and above 55 1, 6, 9, 12, 16, 17, 21, 22, 24, 27, 30, 32, 35, 

 36, 42, 44, 45, 49, 51, 52, 53, 54, 55, 56, 60, 

61, 64, 67, 69, 72, 73, 74, 75, 76, 77, 78, 79, 

 82, 83, 85, 87, 89, 91, 93, 94, 95, 96, 98, 99,  

102, 104, 105, 106, 107, 109 

Good and 

retained 

Below .30 55 2, 3, 4, 5, 7, 8, 10, 11, 13, 14, 15, 18, 19, 20, 23 

25, 26, 28, 29, 31, 33, 34, 37, 38, 39, 40, 41, 43 

low and 

rejected 

item

s 
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46, 47, 48, 50, 57, 58, 59, 62, 63, 65, 66, 68,70,  

71, 80, 81, 84, 86, 88, 90, 92, 97,100, 101,  

103, 108, 110 

 

The study shows that (fifty-five) 55 items had discrimination indices of 0.3 and above. The items 

are good and were retained. Fifty-five items had discrimination indices below 0.3, and therefore 

were considered unacceptable According to Sidhu (2007), the discrimination index of an item 

indicates whether or not the item is measuring the same ability as the test measures and shows how 

well an item discriminates between the able and weak students. Jayanthi (2014) and Sidhu (2007) 

were of the view that items would be considered acceptable if the facility indices were satisfactory 

and discrimination index 0.25 and better in excess of 0.40.  

 

Research Question 3: What are the distracter indices of the draft PG Students Statistical 

Literacy Scale?  

The results are shown in table 3. For an item to be acceptable all the distracters must have indices 

greater than 0.05 

Table 3: Summary of Distracter Indices of PG Students Statistical Literacy Scale 
Range of indices No of 

items 

                        Items Remarks 

One or more  

distracters with 

 indices less than 0.05 

46 2, 11, 15, 18, 20, 23, 25, 26, 28, 29, 33, 34, 

35, 36, 37, 43, 44, 47, 48, 51, 57, 58, 59, 62, 

 65, 66, 68, 70, 71, 73, 77, 79, 80, 81, 

84, 86, 88, 90, 92, 97, 100, 101, 103 

104, 108, 110 

Poor and rejected 

All distracters with indices 

more than 0.05 each 

64 1, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 16, 17, 

19, 21, 22, 24, 27, 30, 31, 32, 38, 39, 40, 41, 42, 45,46, 

49, 50, 52, 53, 54, 55, 56, 60, 61, 63, 64, 67,69, 72, 74, 

75, 76, 78, 82, 83, 85, 87, 89, 91, 93, 94, 95, 96, 98, 99, 

102, 105, 106, 107, 109 

Good and retained  

Table 3 shows that 46 items had one or more distracters with indices less than 0.05 and 64 items, 

each with all indices greater than 0.05. All the 64 items were therefore fit for inclusion in the final 

instrument.  An effective distracter is a plausible wrong option of multiple-choice test meant to 

entrap testees who do not possess the knowledge and competence being assessed. The above 

finding is similar to that of Asuru (2015) who reported that good items should have plausible than 

to be too retained.  

 

Research Question 4: What are the items that constitute the final PG Students Statistical 

Literacy Scale? 

Table 4:  Items that Made the Final PG Students Statistical Literacy Scale 

Items:  

1,6,12,21,22,24,42,45,49,51,52,53,54,55,56,60,61,61,67,69,72,74,75,76,78,82,85,87,89,91, 

93,94,95,96, 98,102, 104,106,107,109 
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Research Question 5: what are the Evidences of reliability of the instrument? 

In order to answer this question, Kuder- Richardson 20 and split- hald methods of reliability 

estimation were employed. 

 

The results are shown in table 5: Table 5: Reliability Coefficients of the Scale, Using Kuder 

Richardson 20 and Split-Half Techniques. 

Reliability  

Kuder Richardson 20          

              Reliability                      

             Coefficient  

                        

Remark 

 

Split- Half  

Kuder Richardson 20             

             0.81     

            0.87                        

                       High  

              High  

 

 

 

The reliability coefficient of the final instrument obtained using the Kuder Richardson 20 

technique is 87 while its coefficient when the split-held technique was applied is 0.81. The 

differences could be due to the fact that in the use of the spilt half technique, the error may come 

as a result of the fact that tow values separated may not produce the same result as the variances 

may get wider. However, Kuder Richardson 20 and Split Half method of reliability estimation 

demonstrated that the final instrument is reliable in a similar manner, the studies by Effiong (2006), 

Nkpone (2001) and Inosmiesa (1988) has reliability coefficients of 0.99,089 and 0.87 respectively 

using Kuder Richardson formula. The value of reliability is also similar to value of reliability 

coefficients obtained by Admu (2016), who conducted a study on development and preliminary 

validation of an instrument for assessment of psychomotor skills in physics which was found to be 

0.87. Onah (2014) conducted research on development and standardization of agricultural science 

achievement test for senior secondary school. The reliability value was found to be 0.92. Okereke 

(2008), found the reliability index for mathematics achievement test to be 0.80. Kazeni (20005) 

reported a study on development and validation of a test in integrated science process skills for 

further Education and Training Learners. The reliability index of the 47-item achievement test was 

0.81. The values of reliability coefficient were considered high reliability; thus, the present study 

is equally considered to have a high level of reliability coefficient, thereby making the instruments 

reliable.                                                                        

 

  

In order to obtain evidences of convergent and divergent validity sure obtained with the 

instrument were correlated with scores obtained with statistical Reasoning test (SRT) and scores 

obtained with Test Anxiety Questionnaire {TAQ} The result is shown in table 6 

 

 

Research Question 6:  What are the evidences of validity of the instrument? 

In order to obtain evidences of convergent and divergent validity, scores obtained with the 

instrument were correlated with scores obtained with Statistical Reasoning Test (SRT) and scores 

obtained with Test Anxiety Questionnaire (TAQ). The result is shown in table 6 
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Table 6: Multi- Trait Mono Method Correlational Analysis of PGS SLS, TAQ and SRT 
Variables   

          

              PGSSLS                      

              

                       SRT                    TAQ 

PGSSLS 

SRT 

TAQ  

               1  

             .76                        

-04 

                      1  

                         

  -12 

    

 

 1 

     

 

The PG Students Statistical Literacy Scale (PGSSLS) showed a positive correlation with the 

Statistical Reasoning Test (SRT) (r =. 76), demonstrating evidence of convergence validity but 

showed an insignificant negative relationship with the Test Anxiety Test (r =-.04) demonstrating 

evidence of divergence validity. More so, the Statistical Reasoning Questionnaire (SRT) showed 

an insignificant negative relationship with the Statistical Anxiety Questionnaire (r =-.12). 

According to Cohen (1988) a coefficient of 0.66 is a large correlation. Based on this, the new 

instrument shows evidence of divergent and convergent validity. Fajobi (2019) suggested that 

convergent validity points out what other variables are correlated to the construct of interest and 

how they are correlated. A measure can accurately represent a variable if it correlates or converges 

with other supposed measures of that variable. It demonstrates that a variable is not just an accident 

of a particular measure. Zwick (2013) described divergent validity as evidence that a measure is 

not assessing something it is not supposed to assess. Kunuba and Anigbo (2023) stated that 

discriminability means that one can empirically differentiate the construct from another construct 

that may be similar, and that one could point out what is unrelated to the construct. Fajobi (2019) 

indicated that, as an aspect of construct-related evidence of validity, discrimination is evaluated 

by considering the measure’s correlation with variables that the theory of the construct postulates 

to be irrelevant to that construct. A comparison construct postulated as irrelevant should not be 

just any construct, but rather one that at least represents some potential aspect of the construct 

under investigation (Obilor, 2019). 

 

Discussion of Findings  

This finding has shown that the PG students Statistic Literacy Scale is very appropriate and useful 

for the assessment of students’ Statistics Literacy. This finding is in line with the finding of Gourav 

(2015), who constructed and validated Achievement Test in Economics, and found that 70 items 

having difficulty value (DV) ranging from 0.20 to 0.75. An achievement test must include varying 

difficulty levels and should provide reasonable opportunity for students of different intellectual 

levels (Sidhu, 2007).  Sidhu also opined that for a five – option multiple choice objective items, 

the acceptable level of difficulty should be between the range of .30 to .70. Asuru (2015) was of 

the opinion that in norm-referenced test, an acceptable item difficulty range is between 0.40 and 

0.60 or optimum of 0.50. This finding is similar to the findings of Balogun and Mustapha (2014) 

who constructed and validated an achievement test on upper primary science. The 102 items had 

a difficulty index which ranged from 0.30 to 0.70 and discrimination indices ranging from 0.20 to 
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1.00. Also, the finding is similar to the study result of Okeme (2011). In the study, 50 test items 

were developed in Mathematics. The difficulty indices of ranged firm 0.30 to 0.8. 

 

They study shows that 63 items have discrimination indices 0f .20 and above. The items are good 

and were retained. 27 items have a discrimination index between 0 and .19. Those items have how 

discriminatory power and were rejected; while 20 items have in the new presentation there were 

no negative indices. These results are similar to the findings by Obilor and Obubere (2020) who 

found in their study that 58 items out of 70 items had item difficulty indices ranging from 0.43 to 

0.61. In the opinion of Riaz (2008), item discrimination refers to the ability of an item to 

differentiate among students on the basis of how well they know the material being tested. 

According to Sidhu (2007), the discrimination index of an item indicates whether or not the item 

is measuring the same ability as the test measures and shows how well an item discriminates 

between the able and weak students. Jayanthi (2014) and Sidhu (2007) were of the view that items 

would be considered acceptable if the facility indices were satisfactory and discrimination index 

0.25 and better in excess of 0.40.  

. 

They study Does not agree with what is in Table 4.3 .05. The items were rejected as their distracters 

were not plausible Does not agree with info in Table 4.3 retained in the final instrument as their 

distracters were not plausible. An effective distracter is a plausible wrong option of multiple-

choice test meant to entrap testees who do not possess the knowledge and competence being 

assessed. The above finding is similar to that of Asuru (2015) who reported that good items should 

have plausible distracters for them to be retained. 

 

The PG Statistical Literacy Scale (PGSLS) showed a positive correlation with the Statistical 

Reasoning Test (SRT) (r =. 76) demonstrating evidence of convergence validity but showed an 

insignificant negative relationship with the Statistical Anxiety Test (r =-.04) demonstrating 

evidence of divergence validity. According to Cohen (1988) a coefficient of 0.66 is a large 

correlation and this evidence justifies the convergent validity. Fajobi (2019) suggested that 

convergent validity points out what other variables are correlated to the construct of interest and 

how they are correlated. A measure can accurately represent a variable if it correlates or converges 

with other supposed measures of that variable. It demonstrates that a variable is not just an accident 

of a particular measure. Zwick (2013) described divergent validity as evidence that a measure is 

not assessing something it is not supposed to assess. Kunuba and Anigbo (2023) stated that 

discriminability means that one can empirically differentiate the construct from another construct 

that may be similar, and that one could point out what is unrelated to the construct. Fajobi (2019) 

indicated that, as an aspect of construct-related evidence of validity, discrimination is evaluated 

by considering the measure’s correlation with variables that the theory of the construct postulates 

to be irrelevant to that construct. A comparison construct postulated as irrelevant should not be 

just any construct, but rather one that at least represents some potential aspect of the construct 

under investigation (Obilor, 2019). 
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The reliability coefficient of the final instrument obtained using the Kuder Richardson 20 

technique is .87 while the coefficient of the statistical literacy scale when the split - half technique 

was applied is 0.81. The differences could be due to the fact that in the use of the split half 

technique, the error may come as a result of the fact that two values separated may not produce 

the same exact result as the variances may get wider. However, Kuder Richardson 20 and Split 

Half methods of reliability estimation demonstrated that the final instrument is reliable. In a similar 

manner, the studies by Effiong (2006), Nkpone (2001) and Inosmiesa (1988) had reliability 

coefficients of 0.99, 0.89 and 0.87 respectively using Kuder Richardson formula. The value of 

reliability is also similar to value of reliability coefficients obtained by Adonu (2016), who 

conducted an intensive study on development and preliminary validation of an instrument for 

assessment of psychomotor skills in physics which was found to be 0.87. Onah (2014) conducted 

research on development and standardization of agricultural science achievement test for senior 

secondary school. The reliability value was found to be 0.92. Okereke (2008), found the reliability 

index for mathematics achievement test to be 0.80. Kazeni (2005) reported a study on 

Development and Validation of a Test in Integrated Science Process Skills for Further Education 

and Training Learners. The reliability index of the 47 items achievement test to was 0.81. These 

values of reliability coefficient were considered high reliability; thus, the present study is equally 

considered to have a high level of reliability coefficient, thereby making the post Graduate 

students? Statistical Literacy Scale very valuables. 

 

Conclusion 

This study focused on the development and validation of an instrument for assessing statistical 

literacy among [target population]. The development process involved defining the construct, 

identifying its dimensions, generating items, obtaining expert judgement, pilot testing, conducting 

item analysis and establishing evidence of validity and reliability. Following the validation 

process, [number] items were retained in the final Statistical Literacy Assessment Instrument. The 

instrument demonstrated [insert actual evidence] of validity and reliability and may therefore 

provide a useful measure of statistical literacy among the target population. However, the 

instrument should be used within the population and context for which evidence has been 

established. Further studies may examine its performance with larger and more diverse 

populations. 

 

Recommendations 

Based on the findings, the following recommendations are made: 

1. Teachers and researchers should assess statistical literacy through items that require 

interpretation as well as computation. 

2. The developed instrument may be used by researchers for assessing statistical literacy 

among the target population after appropriate administration procedures. 

3. Statistics educators should emphasize interpretation of tables, graphs and statistical 

statements. 
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4. Further studies should validate the instrument with students from other geographical areas 

and educational levels. 

5. Researchers who adapt the instrument to a substantially different population should 

conduct additional validity and reliability studies. 
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Appendix 

PG Students’ Statistical Literacy Scale [PGSSLS] 

 

Name (optional) -------------------------------------------------------------------------------- 

Sex----------------------------------------------------------------------------------------------------- 

School------------------------------------------------------------------------------------------------ 

Type of programme------------------------------------------------------------------------------- 

Reg  No---------------------------------------------------------------------------------------------- 

 

Time: 1hr  

Instruction 

1.The value of a variable is called  

A. Estimate 

B. Statistic 

C. Variate 

D. Mean 

 

2. Ordinal  data can  be analysed using the 

A. Mean 

B. Mode 

C. Median 

D. Standard deviation 

3. The standard deviation is equal to: 

a. The variance 

b. The square root of the variance  

c. The variance squared  

d. The variance divided by the number of scores 

4. Which of the following descriptive statistics is least affected by adding an outlier to a data 

set?  

a.  the mean  

b.  the median  
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c.  the range  

d.  the standard deviation . 

5. If the p-value is greater than alpha in a two-tail test, what conclusion should you draw? 

A. The null hypothesis should not be rejected. 

B. The null hypothesis should be rejected 

C. A one-tail test should be used 

D. Alpha level is appropriate 

6. A repeated t-test can be used to test which of the following 

A. Goodness of fit 

B. Relationship between two groups of interval data set 

C. Correlated sample data 

D. Relationship between two ratio data set 

 

7. Which of the following statistics are important when interpreting an independent sample 

t-test 

A. Mean difference 

 

8. In a study without a pretest, subjects are randomly assigned to one of three groups: control, 

experimental A, or experimental B.  After treatment, the mean scores for the three groups 

are compared.  The appropriate statistical test for comparing these means is:   

a. the correlation coefficient   

b. chi square   

c. the t-test   

d. the analysis of variance  

 

9. You carried out an ANOVA on a preliminary sample of data.  You then collected additional 

data from the same groups; the difference being that the sample sizes for each group were 

increased by a factor of 10, and the within-group variability has decreased substantially.  

Which of the following statements is NOT correct?  

a. The degrees of freedom associated with the error term has increased  

b. The degrees of freedom associated with the treatment term has increased  

c. SSE has decreased  

d. F calculated has changed  

 

10. ANCOVA is based on   

A. T-test 

B. Z-test 

C. F-test 

D. Chi-square 

11. Which of following assumption may not be considered when carrying out Ancova 

A. Homogeneity of variance 
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B. Independence of observation 

C. Normality 

D. Discrepancy of observation 

12. ANCOVA is more appropriate when the covariate is  

A.  linearly related to the dependent variables 

B. Linearly related to the independent variables  

C. Linearly related to moderator variable  

D. Asymmetrical distributed 

13. The variance in Analysis of covariance (ANCOVA) that is being analyzed must be  

A. Dependent 

B. Interdependent 

C. independent 

D. Mutually exclusive 

14. In Analysis of covariance (ANCOVA), the different types of the independent variables are 

assumed to be drawn from the normal population having a mean of  

A. 2 

B. 0 

C. 4 

D. 3 

15. Ancova is more appropriate in a 

A. Post test research design 

B. Time series research design 

C. Correlational  research design 

D. Pre and post research design 

16. The estimated marginal means section of the output  in ANCOVA gives the  

A. Adjusted means 

B. Effect mean 

C. Pre-test mean 

D. Interaction mean 

17. what must a levene’s test be in order to use an ANCOVA 

A. significant at p< 0.001 

B. non-significant at or above p>0.05 

C. non-significant at p<0.001 

D. significant at p< 0.01 

Use the statement below to answer Question 18  relate to the following: 

Dr Okafor is analysing scores on a memory test for four groups of people who have taken different 

amounts of alcohol. He has an idea that memory is related to IQ, so he decides to control for that 

and chooses ANCOVA for his inferential test. 

18. Which is the covariate? 

a. Scores on the memory test  
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b. The amounts of alcohol  

c.  IQ  

d.  The control group 

19. The relationship between number of beers consumed (x) and blood alcohol content (y) was 

studied in 16 male college students by using least squares regression.  The following 

regression equation was obtained from this study: y= -0.0127 + 0.0180x .The above 

equation implies that:   

a. each beer consumed increases blood alcohol by 1.27%   

b. on average it takes 1.8 beers to increase blood alcohol content by 1%   

c. each beer consumed increases blood alcohol by an average of amount of 1.8%   

d. each beer consumed increases blood alcohol by exactly 0.018    

20. In regression analysis, the variable that is being predicted is the   

a. response, or dependent, variable   

b. independent variable   

c. intervening variable   

d. moderating variable  

21. A regression analysis between sales (in N1000) and price (in Naira) resulted in the 

following equation: Y = 50,000 - 8X , The above equation implies that an   

a. increase of N1 in price is associated with a decrease of N8 in sales   

b. increase of N8 in price is associated with an increase of N8,000 in sales   

c. increase of N1 in price is associated with a decrease of N42,000 in sales   

d. increase of N1 in price is associated with a decrease of N8000 in sales    

22. If two variables, x and y, have a very strong linear relationship, then   

a. there is evidence that x causes a change in y    

b. there is evidence that y causes a change in x    

c. there might not be any causal relationship between x and y   

d. there is no  moderating relationship between X and y .    

23. There  is a very strong correlation between two variables then the correlation coefficient 

must be   

a.  any value larger than 1    

b.  much smaller than 0, if the correlation is negative   

c.  much larger than 0, regardless of whether the correlation is negative or positive   

d.  None of these alternatives is correct.    

 

24. If the coefficient of determination is equal to 1, then the correlation coefficient   

a. must also be equal to 1   

b. can be either -1 or +1   

c. can be any value between -1 to +1   

d. must be -1    

25. By which other name is the chi-square goodness of fit test known? 

A. Wilcoxon 
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B. Two sample chi-square 

C. Directional chi-square 

D. One-sample chi-square 

26. How many cases need to appear in one category for Chi-square? 

A. You have to redo your experiment 

B. You can exclude outliers 

C. You can transform your  data 

D. You can increase your sample size or combine categories 

27. By which other name is chi-square contingency table analysis known? 

A. Chi-square test for independence 

B. Independent samples chi-square test 

C. Directional chi-square test 

D. One sample chi-square 

28. Which tests  test could be used if the expected cases in chi-square analysis are few 

A. Cronbach’s alpha or content analysis 

B. Person or spearman’s correlations 

C. Yates’ continuity correction 

D. Paired or independent t-test 

29. How is Spearman’s Rho calculated? 

A. Spearman Rho is calculated by transforming original data into categories 

B. spearman’s Rho is calculated by transforming original scores into ranks 

C. spearman’s Rho is calculated by transforming original scores into deviations 

D. spearman’s Rho uses the original scores, no transformations  are needed 

30. The -------------test is calculated by ranking all of the participants scores from lowest to 

highest  and adding up ranks separately for each condition 

A. Spearman’s Rho 

B. Mann Whitney 

C. Friedman’s ANOVA 

D. Pearson’s r 

31. Under what circumstances would you use a non-parametric test 

A. When you think your sample size is too big 

B. When your data does not meet the assumptions for a parametric test 

C. When you do not really understand a parametric test 

D. When your data are symmetrically distributed 

32. What does ASL stand for 

A. Asymmetrical significance level 

B. Asymptotic significance level 

C. Asymbolic significance level 

D. Assigned significance level 

33. What is the formular for Kruskal- Wallies based upon? 

A. Ranks 
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B. Categories 

C. Deviations 

D. Means 

34. What statistic is used to check the significance of the Kruskal-wallies test 

A. Mean rank 

B. T 

C. Chi-squared 

D. Partial n2 

35. Which of the following tests would you use to assess whether there is a significant 

difference between the mean ranks of two conditions? 

A. Friedman  

B. Wilcoxon 

C. Kruskal-Wallies 

D. Spearman’s Rho 

36. If your data met the assumption of homogeneity of variance. Which of the following post 

hoc is more appropriate 

A. Honsety significance difference 

B. Turkey method 

C. Scheffe 

D. Games Howell test 

37. In post hoc analysis simultaneous confidence interval applies to  

A. Some groups of  comparison 

B. Entire family of comparison 

C. Groups that are not significant 

D. Groups with low mean 

38. The more groups you have in a post hoc the ---------the statistical power of comparison 

A. Lower 

B. Higher 

C. Stringent 

D. Accurate 

39. Which of the following  post hoc analysis uses harmonic mean of the cell size of the 

comparison groups of means 

A. Honesty significance difference 

B. Turkey method 

C. Cramer V  

D. Turkey Kramer test 

40. Which of the following post hoc test analysis is based on F-distribution 

A. Scheffe’s method 

B. Cramer V method 

C. Turkey method 

D. Dunmet method 
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Scoring Guide for Final Scale 

 

1C 11A 21A 31A 

2C 12A 22C 32A 

3B 13B 23D 33C 

4C 14D 24B 34D 

5A 15A 25D 35C 

6C 16B 26D 36A 

7D 17B 27C 37B 

8B 18A 28C 38A 

9C 19C 29C 39B 

10D 20A 30A 40A 
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