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Abstract. The non-traditional approach to the evaluation of Physics practicals through an 

innovative software embedded system, first of its kind in South Africa, allows students to 

execute and report the results of an experiment independently. This system evaluates the 

individual performance in an experiment in terms of accuracy, analysis of data and report of the 

results obtained. As part of the evaluation of the experimental report, the student’s data is loaded 

into a software system and checked against the pre-loaded data for a particular experimental 

work station. Thus, students are unaware of the exact requirements for securing marks at each 

step and process of the report. To overcome this difficulty, the experimental group of students 

were given support through rigorous tutorials and consultations in contrast with the control 

group. Results reveal that the support system appears to have huge potential in terms of the 

improvement of student performance with regard to practical work. The observed improvement 

of student performance is viewed in a positive light as a potentially valuable outcome that can 

meaningfully inform pedagogic innovation in recognition of the fact that Physics practicals 

carry a full modular credit in the diploma programmes offered by the Engineering Faculty at 

the Doornfontein Campus of the University of Johannesburg.  
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1. Introduction 

It has repeatedly been observed that the first-time entering students enrolled for Diploma programmes 

at the University of Johannesburg lack the basic experimental skills needed in Physics such as 

observations and manipulation of equipment as well as communication skills such as reporting of 

observations and results [1]. This skills deficiency is most prevalent in many students coming from 

under-resourced public schools in South Africa. These students come to tertiary institutions with an 

inherent fear for practical work. The Department of Applied Physics and Engineering Mathematics 

(APEM) of the University of Johannesburg responds innovatively to the critical challenges associated 

with lack of practical skills. The students doing Physics as a service module in the Engineering Faculty 

are introduced to an array of uniquely designed student friendly and interactive fundamental practicals 

in Physics.  

Contrary to the traditional assessment approach to practical work, APEM developed a software 

embedded rubric marking system that is linked to a database of 350 practicals housed in 7 laboratories. 

This approach seeks to ensure that students perform meaningful practical work through the provision 

of opportunities for meaningful interaction with the materials, data collection and analysis as well as 

making sense of the natural world [2]. Such an innovative assessment marking system has many 

parameters. This article reflects on a triggering strategy taking the form of support and controlled 

mentorship through engagement. It is envisaged that this strategy would serve to demystify the fear 

associated with practical work and enhance laboratory skills.  

 



 

2. The purpose of practical work in science 

Various arguments have been advanced in an attempt to make sense of the aims of practical work in 

science, namely, cognitive arguments, affective arguments and skills arguments [3]. Cognitive 

arguments advocate that practical work can improve understanding of science and promote conceptual 

development through visualisation of laws and theories of science thereby providing opportunities for 

illustrating, verifying or affirming theory [3]. Affective arguments advocate that practical work provides 

motivation and excitement as well as the generation of interest and enthusiasm [3]. Skills arguments 

advocate that practical work promotes development of higher-level transferable skills such as 

observation, measurement, prediction and inference [3].  

 

At another level, several counter arguments to all these claims for practical work have been advanced. 

These arguments are premised on the notions that doing science and understanding science theories are 

two different entities [4], and that  there is evidence that many students are not very positive about doing 

experiments [5] as well as the existence of the evidence that the transferability of skills is limited [6]. 

Clearly, the discourse pertaining to the aims and purpose of practical work is a contested terrain in many 

ways. In fact, the plurality of espoused aims for practical work in science make the task of assessment 

increasingly difficult [7]. 

 

3. The place of practical work within the science curriculum  
 

It has been argued that the centrality of the laboratory to the teaching of science has become like the 

addicts’ relationship to their drug – an unquestioned dependency which needs to be re-examined and 

weakened if not broken altogether [8]. It has also been noted that despite a shift of emphasis towards 

learning outcomes, the evidence suggests that there is a chasm between what teachers identify as their 

outcomes before lessons and the outcomes that their students perceive [9]. A major hurdle that has been 

identified earlier is that despite the aim of curriculum reform at improving the quality of practical work, 

students spend too much time following ‘recipes’ and, consequently, practising lower level skills [10] 

leading to failure to perceive the conceptual and procedural understandings as intended goals for the 

laboratory activities [11].  

 

4. The role of information technology in supporting teaching and learning in practical work  

 

Significant technological innovations have offered new resources for teaching and learning, but 

insufficient attention has been directed to examine critically how these new technologies can enhance 

or confound experiences in the laboratory [11]. In fact, it has been claimed that rapid advances in 

technology offer a wide range of new opportunities for innovative science education [12] which include 

the use of sensors, simulations and the internet [13]. Vitals tools such as computer-based simulations 

may also help to reduce the noise associated with the laboratory bench and focus attention on important 

aspects of experimental planning and data interpretation [14]. In addition, computers and their 

peripherals can be used to aid long-term investigations, for example, in data-logging experiments [15] 

and can also be used in visualizing data as well as modelling scientific phenomena [16]. Given the 

potential of the role of information technology in supporting practical work, a software-embedded 

system to evaluate physics practicals was developed at the University of Johannesburg. 

 

5. Methodology  

Students enrolled for Electrical Engineering Diploma were participants in the implementation of the 

engaged triggering strategy mechanism because of their comparatively lower achievement levels in 

Grade 12 Physical Science. A total of 178 students were randomly divided among 4 staff members 

resulting in two groups per staff member. These groups of students were accordingly allocated labels 

A1, A2, B1, B2, C1, C2, D1 and D2 and each group performed a total of 17 practicals during the 



semester. The groups of students with labels D1 and D2 were regarded as the experimental group due 

to the specific implementation of the engaged monitoring strategy and the other groups with labels A1 

to C2 were called the control groups.  

Each student is required to purchase a Laboratory Manual and a Laboratory Result Book [17] as key 

instructional resources. The Laboratory Manual contains theories, methods and procedures while the 

Result Book provides templates for data collection, calculation of unknown parameters, plotting of 

graphs and submission of the final report. At the beginning of each practical session, students are briefed 

on the practicals to be performed before being afforded the opportunity to perform the practicals 

individually.  A typical laboratory cubicle and excerpt from the Result Book are shown Figures 1 and 

2 below. On completion of the experiment, students are afforded an opportunity to discuss related laws 

and theories coupled with a comprehensive explanation of the pitfalls and expectations of the excel 

rubric marking programme (ERMP).  

 

 

                                  Figure 1: Laboratory cubicle  

 

Figure 2: Excerpt from the Result Book  



A set-up for a typical electricity experiment (EXPERIMENT 187) is depicted in Figure 3 below.  

 

                                 

Figure 3: Illustration of Experiment 187 

 

In addition, the students were given few days to perform necessary calculations and plot graphs as part 

of laboratory report before presenting it to the lecturer for critical scrutiny before final submission. This 

takes the form of a compulsory consultation. The rules are gradually relaxed as the students become 

familiar with the pitfalls associated with the software embedded assessment system. Suffice to indicate 

that students who fail to present their work for critical scrutiny incur penalties. 

6.  Discussion 

Analysis of the marks of the six experiments numbered EXP 187-190 and 193-194 from the various 

groups A1 to D2 is shown in Table1 below.  

Table 1: Mark analysis for the six experiments performed 

 Group 

allocation 

 

Experiment 

number 

 187 188 189 190 193 194 

 

 

Control group 

A1 65% 84% 81% 40% 73% 33% 

A2 72% 85% 79% 61% 81% 74% 

B1 76% 83% 78% 51% 83% 54% 

B2 Did not do these experiments 

C1 79% 85% 78% 67% 88% 59% 

C2 79% 85% 78% 67% 88% 59% 

Average  75% 85% 80% 57% 80% 58% 

Experimental 

group 

D1 85% 88% 83% 66% 75% 72% 

D2 79% 85% 78% 67% 88% 59% 

Average  86% 94% 89% 76% 86% 74% 

Shift in % mark   +11% +9% +9% +19% +6% +16% 



The experimental group demonstrated improved performance as compared to the control group. 

Percentage shifts suggest benefits that accrue from the engaged strategic intervention programme. A 

comparison of the semester overall performance is shown in Table 2 below. 

Table 2: Comparison of the semester overall performance 

 Control group Experimental group 

Groups A1 A2 B1 B2 C1 C2 D1 D2 

Overall 

percentage 

66% 70% 68% 67% 65% 65% 76% 

 

79% 

 

 Average = D1 + D2 = 

78% 

Shift in % 

marks  

-12% -8% -10% -11% -13% -13%  

 

The improved overall performance demonstrated by the experimental group points to the potential 

efficacy of the intervention. It has to be accentuated that the majority of students in South Africa have 

limited practical exposure and this is commensurate with South Africa’s global ranking in terms of the 

quality of mathematics and science education as well as the quality of the education system [18].  

Appropriate and concrete steps geared towards the development and improvement of instruction with 

the potential to enhance pedagogic innovation within a broader South African context are required in 

the light of the key findings in this inquiry. The prevailing articulation gap which appears to be a result 

of the conflation of various factors ought to be adequately addressed in order to significantly improve 

the overall quality of the education system within the South African context and the development of 

innovative strategies that can serve to enhance practical skills is no exception. 

7. Conclusion 

The heterogeneous sample of 178 students comprising experimental and control groups is a reasonably 

good representative sample of students performing practicals in the Physics laboratories as the highest 

number of students come from the Engineering Faculty. The engaged mentoring system appears to hold 

promise in terms of the development of a repertoire of essential practical skills and the reinforcement 

of positive attitudes. This intervention may potentially serve as a sustainable and viable mechanism 

through which the development of practical skills can be meaningfully fostered.  
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