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ABSTRACT: This research work is aimed at evaluating students’ ability in the determination of accuracy and 

precision in some aspect of practical chemistry. An experimental research method was applied to school 

students which were grouped into ‘A’ and ‘B’ respectively. The students were trained on the basic practical 

aspects, i.e measurement of the weight of a given samples and measuring the volume of acid from a burette 

prior to the administration of students performance test. The three distinct weights of calcium carbonate 

(CaCO3) viz: 10g, 20g and 30g were required to be measured by the students in the practical performance test. 

The result obtained from group ‘A’ students shows that percentage error of measurement when compared with 

the standard value was 0.00%, 2.50% and 0.00% respectively, this is highly accurate for the two measurements 

and the middle value reflect a little error. The percentage error calculated from group ‘B’ gives 50.00%, -

2.50% and 0.00%, this results shows that there was no accuracy in the first two measurements but last one was 

accurate. With regards to precision researcher’s findings revealed that group ‘B’ measurement shows better 

precision over ‘A’ in the reproducibility of the volume of acid measured. Based on these results it is 

recommended that government, school authority and other stakeholders should provide adequate materials and 

relevant resources to enable teachers facilitate effective teaching and learning process. 
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I. INTRODUCTION 
Chemistry is a central science that cuts across all the sciences and its importance can never be over 

emphasized. Chemistry is fundamental in the world of industrialization. The main aim of science education and 

educational training policy is to provide quality education and to find out the best way to improve students‟ 

achievement in science [1].Today, the world is seen as global village meanwhile, this perception of 

globalization is not connected with industrialization in which chemistry is central. Chemistry has multiple 

benefits for national development. It plays fundamental roles in food production, clothing, housing, medicine, 

transportation, etc.  

Various studies from last decades have addressed aspects that we believe are relevant to the preset study. 

In those perspective, the focus is on inquiry [2];[3]; [4]; [5]; [6];[7], practical work [8]; [9], hands-on practices 

[10], and science practices [11]. Four reviews on laboratory work were also found; however, only two partly 

overlapping reviews looked at secondary school science [12]; [13], while the third reviewed tertiary-level 

chemistry education [14], and the fourth reviewed practitioner articles [15]. In the following sections, we 

summarise these reviews in which Hofstein and Lunetta [12] have precedingly concluded that laboratory 

investigations offer important opportunities for students to connect science concepts and theories with 

observations of phenomena and systems. In a meta-analysis of the effect of inquiry teaching,.[4] analysed 37 

studies from 22 articles, and found a moderate effect size in favour of inquiry teaching. Similarly, in a meta-

analysis of 13 studies on the effectiveness of inquiry-based learning in science,[5] showed a tendency towards 

improved learning outcomes as a result of inquiry-based learning in comparison to traditional approaches. The 

effects of inquiry-based learning were more prominent in secondary than in primary education, and the largest 

effect size was seen when a preparation unit prior to the inquiry-based lesson was included[5]. 
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[16] observed that practical chemistry at senior secondary certificate level aimed at training students in 

the scientific techniques of recording, observation accurately and drawing reasonable inferences. Students of 

practical chemistry are expected to conduct practical aspect of chemistry using standard procedure. Chemistry as 

a branch of science it‟s the study of matter, structure, properties, composition and its transformation. The study 

of chemistry enable learners to acquire appropriate skills, abilities and competencies that would enable them 

contribute to the development of society. Chemistry is pivotal to the transformation and development of nations 

because it has continued to play an increasingly important role in the production of many technologies from life-

saving pharmaceuticals to computers and other information technologies[17]. 

Inquiry, also a frequently used term in the field, can briefly be described as a student- led investigation 

that begins with a question[18]. Hence, inquiry is a rather non-specific term that can be used in many ways in 

relation to strategies that emphasize the student‟s role in the learning process. In response to this rather vague 

understanding of what doing science is all about, the concept of „science practices‟ was introduced as a term in 

the 21st-century science education standards by the National Research Council [19]. According to[18], science 

practices describe a broader, but articulated, understanding of doing science in comparison to inquiry: „The idea 

involves students going beyond experiencing inquiry by interpreting and evaluating data as evidence to 

developing arguments, explanations, and models. This definition certainly specifies the science in doing science, 

but also embraces aspects of how scientific knowledge is developed that are not necessarily dealt with in 

practical laboratory work. Therefore, we consider laboratory work to be the most appropriate concept to 

represent the defined phenomenon of interest in this study. As argued by[14] „laboratory education became a 

separate and distinct component of education, with the emphasis intended to teach students about how to “do 

science”. It is, nevertheless, important to point out that we include all identified studies covering our definition, 

regardless of the terminology used. 

Chemistry is essentially a laboratory activity-oriented subject. No course in chemistry can be considered 

as complete without including practical work in it. Laboratory activity here is used to describe the practical 

activities which undertake using chemicals and equipment in a chemistry laboratory. Research have shown that 

certain factors like teachers‟ attitude, lack of funds and curriculum innovation affects students‟ performance[20].  

In a review of laboratory work in tertiary chemistry education[14] emphasised the importance of preparing 

students beforehand. They separated supportive and procedural information and claimed that the former is 

needed to give students an understanding of the whole laboratory task in general terms – a kind of theoretical 

framework in which the laboratory experiment operates. Procedural information, on the other hand, related to 

the specific details necessary for operating in the laboratory, i.e., the skills needed to handle certain 

equipment[14]. These findings amplify the importance of the planning phase, and as shown by [8], this aspect 

seems difficult for teachers to accomplish, making it key for further investigation. 

Measurement refers to the quantification results obtained through measurement with available references to 

determine whether a product is acceptable or not. When measuring a lengthusing a ruler it is possible to make 

some sort of decision based on the value, such as “The measurement is a little too long/short.” This 

determination is another way of saying, “Based on the value obtained using a ruler (measurement), it has been 

determined that the value is slightly longer (or shorter) than the length of interest.” Although there is often no 

need to use these definitions separately.  

Accuracy refers to the level of agreement between the actual measurement and the absolute 

measurement. In the chemistry, the term „accuracy‟ is used in relation to a chemical measurement. The 

International Vocabulary of Basic and General Term in Metrology (VIM) define accuracy of measurement as 

“Closeness of the agreement between the resultsof a measurement a true value.” The VIM remains us that value 

that would be obtained by a perfect measurement. Since there is no perfect measurement in analytical chemistry, 

we can never know the true of value. Our inability to perform perfect measurements is thereby determined true a 

value does not mean that we have to give up the concept of accuracy. However, we must add the reality of error 

to our understanding. The term „accuracy‟, mean the degree of compliance with the standard measurement, i.e. 

to which extent the actual measurement is close to the standard one, i.e. bulls-eye. It measures the correctness of 

the result at the same time by comparing it to the absolute value.  

Precision represents the uniformity or repeatability in measurements. It is the degree of excellence, in 

the performance of an operation or the techniques used to obtain the results. It measures the extent to which the 

results are close to each other. i.e. when the measurement are clustered together. Therefore, the higher the level 

of precision the less is the variation between measurement, for instance: Precision is when the same spot is hit, 

again and again, which not necessarily the correct spot.  

Precision is a description of a level of measurement that yields consistent results when repeated. It is 

associated with the concept of “random error”, a form of observational error that leads to measurable values 

being inconsistent when repeated .The term precision is used in describing the agreement of a set of results 

among themselves. Precision is usually expressed in terms of the deviation of a set of results from the arithmetic 

mean of the set (mean and standard deviation to be discussed later in this section). The student of analytical 
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chemistry is taughtcorrectly that good precision does not mean good accuracy. However, it sounds reasonable to 

assume otherwise. 

 

II. METHODOLOGY 
This study was carried out among students of SS II Staff Secondary School Sa‟adatu Rimi College of 

Education Kumbotso, located along Zaria Road, Kano. The population of the students used was 20 students 

which were grouped into „A‟ and „B‟ for convenience and to also minimize the practical materials and 

apparatus. These groups of students were instructed to weigh a sample of Calcium carbonate (CaCO3) in three 

different quantities of 10g, 20g, and 30g respectively using a beam-balance as an instrument the results obtained 

were treated using a suitable formula and their respective percentage errors were calculated. The precision in the 

measurement of acid volume was determined by the students by measuring the burette readings of three 

different experiments and finally the values obtained were compared in order to determine precision 

(reproducibility of values in a repeated experiment)and average titre was also calculated.  

 

 

III. RESULTS 
The following results were obtained and presented in tabular forms, after weight measurement percentage error 

was calculated for the values and compared with standard value in order to evaluate the accuracy. 

 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑒𝑟𝑟𝑜𝑟 =
Obtained result − expected result

Expected result
𝑥 100 

 

Table 1: Percentage error obtained from the CaCO3 Weighing by Group „A‟ Students 

S/N   Measured weight of CaCO3 (grams)                 Percentage Error   (%)               

1.              10.00                                                                         0.00 

 

 

 

2.             20.50                                                                          2.50 

 

 

 

3.            30.00                                                                             0.00 

 

The above formula was used to obtain the percentage error both for the two groups (A and B), from the 

table above the students obtained first weight as exactly 10g as such the calculated percentage error was found 

to be (0.00%) this gives highly accurate result, the second weighing was found to be 20.50g thus gives a 

percentage error of 2.50% when compared with the standard or expected value therefore this measurement was 

not accurate. However, for the third weighing exactly 30g of CaCO3 was obtained hence zero (0.00%) relative 

error when compared with expected/standard value, a highly accurate result was also obtained. 

 

Table 2: Percentage error obtained from the CaCO3 Weighing by Group „B‟ Students 

S/N   Measured weight of CaCO3 (grams)                 Percentage Error   (%) 

1.           10.00                                                                   -50.00  

 

 

2.           19.50                                                                    -2.50 

 

 

3.           30.00                                                                      0.00 

 

 

From the table above its observed that the calculated percentage error for the first weighing of CaCO3 was found 

to be (-50.00%) thus low accurate result was obtained. For the second measurement (-2.50%) relative 

percentage error was calculated this also gives low accurate measurement was done by the students when 
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compared with the standard value. However, for the third measurement zero (0.00%) relative percent error was 

calculated by the students hence accurate result was obtained among the three different measurement. 

 

Table 3: Determination of Precision by Group “A” Students 

S/No    Burette reading (cm
3
)                   I                        II                          III 

1 Final                                     25.00                  24.50                    24.20 

 

2 Initial      0.00                  0.00                      0.00 

 

Volume of the acid used    25.00                  24.50                   24.20 

 

The average titre value =
24.50+24.20

2
 = 24.40 cm

3 

 

Table 3 shows that, 24.50 and 24.20 are the two concordant values and the different is more than 0.2 therefore, 

the average obtained has a wide difference with the selected values. The accuracy of 2
nd 

and 3
rd 

titration is what 

gives the precision of 24.40cm
3
with a difference of 0.3 as indicated in the study, the findings show that, Group 

A does not determine the precision accurately since the difference obtained is above 0.2 i.e. is not in accordance 

with [21] practical chemistry.  

 

Table 4: Determination of Precision by Group „B‟ students. 

S/No    Burette reading (cm
3
)                   I                        II                          III 

1 Final                                     21.60                  43.10                    21.50 

 

2 Initial                                     0.00                   21.60                     0.00 

 

Volume of the acid used    21.60                  21.50                   21.50 

 

The average titre value =
21.60+21.50+21.50

3
= 21.53cm

3
     

 

 

The above table shows that, 21.60, 21.50 are the concordant value, since the difference is not more than 

0.2 as stated by[21]a practical chemistry. Therefore, the average, does not have a wide difference with the 

selected values. The accuracy of 1
st
, 2

nd 
and 3

rd 
titration is what gives the precision of 21.53cm

3 
with a difference 

of 0.1 as obtained in the study. The findings show that Group B have the ability to determine the precision, since 

the difference obtained is less than 0.1. That is very good precision is obtained.  

The findings of the two Groups indicated that, the students from the selected Groups have the ability to conduct 

measurement in practical class in the selected of study.  

 

IV. DISCUSSION 
The main aim of this study was to evaluatestudent ability in determination of accuracy and precision in 

practical classes. The study collected data on three (3) major Objectives: to find out the students‟ perception of 

practical knowledge, to investigate student‟s ability in measurement at practical class and to find out the 

students‟ ability of accuracy and precision in measurement 

From the data presented in table 1and 2 shows that, the students had the ability in determination of 

accuracy since most of their measurement reflect closeness to known or standard value. WAEC uses practical 

examination to assess students‟ acquisition of various chemistry practical skills. In these tests, candidates are 

required to carry out certain chemistry practical activities following some given instructions. 

The scores of the candidates obtained through the marking of their practical reports indirectly indicates 

the level of practical skills they could demonstrate during the practical examination. 

Table 3 and 4 shows that, the students had the ability in the determination of precision at practical class 

this is because precision reflects how reproducible measurement are even if they are far from the accepted value. 

This is also in line with the work of Omiko [22] which aimed to investigate the roles of the laboratory in 

students achievement in Chemistry in the secondary School. The findings of this research also indicated that the 

students have interest in practical knowledge base on their participation. 
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V. RECOMMENDATION 
Based on this research finding the following recommendations were made: 

i. Government, School Authorities as well as relevant stakeholders should provide adequate required 

practical materials in order to facilitate effective teaching and learning practical aspects in chemistry classes. 

ii. Government and other agencies should make funds available for the procurement of practical materials 

in the schools. 

iii. Routine seminars/workshops on utilization of laboratory equipment and other practical training should 

be organized for science teachers for capacity building. 
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