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 Learners can experience science in the real world by interacting with 

materials, collaborating with peers, and engaging in a problem-solving 

process. Notwithstanding, secondary school learners’ problem-solving skills 

(PSS) can be developed by using an instructional strategy that actively 

involves them in the learning process instead of sorely focusing on content 

learned. This paper shows how the production of materials for teaching and 

learning can go hand-in-hand with the development of learners’ PSS through 

the implementation of a Hands-on Instructional Model (HIM) in chemistry 

lessons. This study was a Design-based Research using a convergent mixed-

method approach. The data was collected using lesson observation protocol, 

focus group discussions guide, and problem-solving test. On the aspect of 

the development of PSS, learners were enhanced with the skills to solve an 

ordinary chemistry problem and the criteria of observation were on the ways 

learners identify a problem, the approach used to solve the problem, and 

whether they could reflect on the answer they obtained. The findings 

indicate a substantial impact of HIM on learners’ PSS. Therefore, it is 

suggested that HIM should be used frequently to enhance learners’ active 

engagement in chemistry lessons and for further development of their PSS. 
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1. INTRODUCTION 

There has been the emphasis of a paradigm shift in recent decades in the field of science and 

mathematics education in most developing countries. The shift focuses on the active application of concepts 

that are familiar to learners, as well as the use of instructional strategies which enhance and improve learners’ 

problem-solving skills (PSS). Learners of this era need some learning skills of which problem-solving ability 

is one [1]. PSS is not only necessary for solving problems in the context of formal education it is rather 

needed in other aspects of life outside the classroom. Besides, some teaching and learning strategies are noted 

to improve learners’ PSS [2], [3], activity-based kind of learning such as the use of hands-on activities is 

highly advocated. It is also argued that hands-on activities are strategies in which learning is situated in the 

context of meaningful activity for knowledge to be used in similar situations later in life [4]. However, the 

shift of paradigm has called for curriculum reforms in most countries to suit the demands of the fast-growing 

words economy [5]. Thus, the paradigm shift should be adhered to in the context of the classroom to 

incorporate the instructional strategies which can enhance the development of PSS. 

https://creativecommons.org/licenses/by-sa/4.0/
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For a learner to have PSS there must be a problem to be solved. Problems appear in all fields of life 

[6]. This is why teachers should prepare learners for lifelong learning. Besides, a problem becomes a problem 

if you do not know how to go about solving it [5]. If a problem has no ‘surprises’, and can be solved easily 

by routine or familiar procedures; such problem is considered to be only an exercise. Learners must develop 

the skills to resolve problems and have the personal resilience to meet the challenges and pressure that may 

be the result of a problem. However, problem-solving (P-S) as situations in which an individual is reacting to 

a problem that he or she does not know how to solve ‘easily’ with predictable or familiar procedures [7], [8]. 

Also, P-S is when a learner uses previously acquired knowledge, skills, and understanding to fulfill the 

demands of an unfamiliar problem [9]. Therefore, learners should be able to combine the knowledge that they 

acquire and apply it to solve given problems. 

Studies done in this field show that, when P-S is well emphasized, learners become more confident, 

develop a positive attitude, and ease transition to further studies and work [10], [11]. Problem-Solving aid to 

improve learners’ ability to work [12], communicate with others [13], as well as cultivate awareness and 

control on their thinking practices [10], [14]. Also, to let students improve their PSS [13], to allow learners to 

be innovative and use divergent or lateral thinking [15], to show learners that science is more than ‘getting 

the correct answer’ and that it can involve decision making, being creative and using lateral or divergent 

thinking [7], [12]. Thus, P-S is as vital in chemistry as it is in other fields of education.  

In chemistry education, P-S should not be examination-oriented. It should not be emphasized only in 

examination classes as [12] advocates it be emphasized to all classes. Apart from that he also recommends  

P-S to be emphasized in all lesson sessions other than practical only. However, a person with P-S skills is 

considered to be a problem solver. The major components of a problem solver to be; knowledge, heuristics, 

and metacognition [16], [17]. Whilst, knowing a problem is the first step to getting its solution [18]. When 

there is less basic knowledge and skills on the problem, the more the working memories are burdened [19]. 

Nevertheless, heuristics are defined as a kind of method, process, or set of guidelines that a person applies to 

various situations [5]. Thus, when learners possess well-connected knowledge, heuristics, and facts, as well 

as their ability to manage their emotional responses they can precisely obtain solutions to problems [20]. 

Apart from heuristic, metacognition is associated with designing, monitoring, and evaluating 

cognitive processes in P-S [20], [21]. Good problem solver tend to gain from personal experience and general 

knowledge, from being able to use analogies, and from metacognitive skills [15]. Although heuristics help 

problem solver break down problem into more manageable pieces, but self-monitoring and goal management 

are central features of metacognition [14]. Therefore, to solve the problem, learners ought to connect the past 

and present knowledge, use appropriate P-S strategies, and reflect on the process and the solution. 

However, literature proposes in-class interactive learning to be among the learning instructions 

where learners actively participate in P-S and the teacher can get real tome evidence of learners learning [2], 

[3]. The use of hands-on instruction in 21st-century classes fosters the need for learners to be successful in 

critical thinking, PSS, communication, creativity, and collaboration [22], [23]. Besides, hands-on generally 

means learning by experience. Learners manipulate objects and handle scientific instruments within the 

learning process [2]. Also, it is assumed that learning becomes more realistic and learners get the exciting 

experience of the content learned. Therefore, integration of hands-on activities in the learning process is 

essential to enhance the acquisition of soft skills required in this learning era. 

A successful chemistry learner ought to have PSS from the early age of learning. It was also 

proposed that P-S should be emphasized in lower-level chemistry as it is done in universities and colleges 

[19], [20]. One way of achieving this is through a careful and thoughtful selection of appropriate teaching 

strategies that will help in promoting learners’ ability to create meaning of science and mathematical 

concepts rather than passive reception of ideas [13]. Therefore, the need for problem-solving skills as one of 

the basic learning skills among Ordinary-level chemistry learners triggered us to conduct this research.  

 

 

2. RESEARCH METHOD 

2.1. Research design and approach 

This study was conducted in three community secondary schools in Dar es Salaam, Tanzania. 

Community secondary schools are public schools constructed by the community but owned and aided by the 

government. However, this study was Design-Based Research (DBR) following a pragmatic philosophical 

view [24], [25] because the focus of the study was to bridge the gap between theory and practice [26], [27]. 

DBR is a grounded and interactive research methodology because researchers need to integrate a variety of 

research methods and approaches from both qualitative and quantitative research paradigms depending on the 

needs of the research [28]. Whereas, pragmatism emphasizes creating shared meaning and joint actions by 

complementing qualitative and quantitative approaches [25]. Besides, the intervention was designed during 

the study where learners were empowered with the skills to design the instructional materials which could be 
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appropriately used in chemistry lessons and at the same time stimulate their P-S ability. Furthermore, this 

study being design-based research did not involve a control group [29]. Therefore, all learners who were 

involved in the study went through the intervention. 

 

2.2. Sample 

A total of 169 Senior Three learners (101 male, 60%, and 68 female, 40%) with the facilitation of 

their chemistry teachers in their respective schools were selected based on the purpose of this work. Both 

learners and teachers were purposively selected from three intact Senior Three science classes in three 

community secondary schools. The learners had a mean age of 16.12 with a standard deviation of 0.854. 

Apart from that, the three community schools were also purposively selected from 138 public schools in Dar 

es Salaam, which is the capital business city of the United Republic of Tanzania.  

 

2.3. Instruments and data collection procedure 

In this study, we used Lesson Observation Protocol (LOP) and Focus Group Discussions (FGDs) 

guide for learners as qualitative research instruments and Problem-Solving Test (PST) as quantitative 

instruments for the data collection process. The credibility of the LOP and the FGD guide was checked by 

experienced science educators to establish their worthiness and whether they can produce reliable and 

credible results. Then, two raters checked for the inter-rater reliability and they reached a consensus. The 

changes suggested by the raters were incorporated before the LOP and FGD guide was used for data 

collection. Also, the conformability of the information obtained was observed to ensure all information 

obtained is based on participants’ responses [29]. Besides, we formulated the PST based on the Senior Three 

chemistry syllabus and the current Tanzania curriculum. The test was checked for clarity and if it measures 

the intended competencies. Also, the test was piloted to 22 learners from one school with a similar class and 

learning environment as those of the three schools in the study. The reliability check gave the Cronbach 

Alpha Coefficient Value of 0.73. Finally, triangulation of information obtained from the three research 

instruments was done to ensure the trustworthiness and accuracy of the research findings [29], [30]. 

A total of 42 lessons (14 lessons in each school) were observed in all three schools, where 14 

lessons of the total were single (40 minutes) while 18 lessons were double (80 minutes). The field notes were 

taken in addition to the information taken using LOP. Also, the FGDs were conducted once a week after 

lesson observation at a convenient time for the research participants and a total of 21 FGDs interviews were 

conducted in all three schools, seven per school. All FGDs were audio-recorded to help the researchers to 

capture learners' experiences during the chemistry lessons. 

 

2.4. Data analysis 

The analysis of the data collected in this study was done concurrently with the data collection 

process on daily basis. Constant reflection of information obtained from lesson observations and FGDs was 

done to monitor the ongoing process of data collection and identify issues that needed clarity and follow-up 

during the intervention process. All the qualitative data were analyzed thematically in two forms i.e. 

preliminary analysis and retrospective analysis [29]. The preliminary analysis was done for the pre-test-PST 

to obtain qualitative information which informed the designing of the Hands-on Instructional Model (HIM) 

intervention. Besides, the retrospective analysis was continuously performed on the information obtained 

daily from lesson observation using LOP, field notes, and the audio recorded information from interviews 

and FGDs. The whole process began with transcription of audio data, translation, and organization for better 

interpretation of the information obtained. Thereafter, the information was organized hand-in-hand with the 

field notes and data from classroom observation to generate raw data for the coding process [30]. Then, the 

coded information was sorted and sifted through to identify similar and coherent phrases [29], relationships 

between variables, patterns, and themes to differentiate distinct and common sequences of categories about 

the research question [31], [32]. Lastly, meaningful information that gave better answers to research 

questions was obtained from the developed themes and sub-themes [33]. Besides, the analysis of quantitative 

data from both pre- and post-intervention PST was done using Statistical Package for Social Sciences (SPSS) 

version 20. The analysis involved descriptive (mean, standard deviation, and percentage) as well as 

inferential (dependent samples t-test and effect size) statistics [32]. Further, interpretation of the results 

obtained was done using the SPSS guide by [34]. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

The analysis of data from lesson observations and students’ FGDs was done based on the purpose of 

this study and collaboration between stages of conducting DBR as well as the P-S process. On the aspect of 

the development of learners’ PSS, students were enhanced with the skills to solve an ordinary chemistry 
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problem, and the criteria of observation were based on the way learners started a problem, the approach used 

to solve the problem, and whether they could reflect on the answer obtained. The findings led to the 

formulation of four themes for P-S processes: identification, prioritization, alternatives, and implementation. 

 

3.1.1. Theme 1: Identification 

Learners were given an orientation on the focus and success criteria of the study. Besides, learners 

were supposed to identify the problem from the activities given by the teachers in the chemistry lesson about 

mole concept and volumetric analysis. Also, learners were supposed to identify home-based materials that 

could appropriately be used to facilitate learning or used to make apparatus that could alternatively be used to 

carry out some simple experiments in their respective classrooms. The instructional materials made from 

home-based materials were meant to increase efficiency in the assimilation of lesson content as well as 

increase learners’ engagement in the lesson due to the association of lesson content and the materials. Thus, 

through this kind of learning mode learners’ PSS was expected to improve despite the insufficient 

commercially made instructional materials. 

On identification of a problem from various activities given to them, learners were supposed to elicit 

what was exactly required in a given activity. For instance: from a question; what is the molarity of a solution 

containing 80 g of sodium hydroxide in 2 liters of the solution? This kind of question looks like a simple 

exercise that any learner who has learned basic concepts of the mole concept topic is capable of solving. Yet, 

most of the learners had little understanding of what molarity means and what is referred to in a question like 

that. When such questions were written on the board for the learners to solve as an activity in their groups or 

as individuals, they could mostly sit and wait for their teachers to work it out on the board and for them to 

copy in their notebooks. Most of the learners left the question blank in their pre-test and they failed to at least 

identify the information given in that particular question. Perhaps, this was because previously learners were 

taught formulas and other theoretical concepts without contextualization of the teaching and learning process 

through drawing meaning in real life. 

The analysis done on learners' answers revealed some improvement in their P-S abilities between 

pre and post-test results. Before the intervention, most of the learners were not able to identify a required task 

from a simple chemistry question. Nevertheless, similar questions became easier for them after they were 

accustomed to the P-S procedures introduced to them during the intervention. For instance, a learner from 

school B failed to compute the number of moles of NaOH during the pre-test. She failed to solve a problem 

because she could not calculate the molar mass of NaOH. It should be noted that this question was the easiest 

question which most of the learners answered correctly in both pre and post-test as displayed in Figure 1. Not 

only in the PST but also during some classroom activities learners struggled to critically analyze a problem to 

obtain the solution. Eventually, after the intervention students’ P-S ability was noted to have been stimulated 

due to the emphasis and the effective use of the intervention design. 

Nevertheless, the observation done in the sessions where learners were designing the instructional 

materials revealed that learners can do better if they are continuously motivated. In the beginning, searching 

for the materials seemed not to interest most learners and this exercise become like a burden to them. But, 

with time it became an easy process for the learners and they were able to associate chemistry content with 

home-based materials which facilitated the learning of the content. This was also confirmed in some of the 

learners’ FGDs excerpts. 
 

 

 
(a) 

 
(b) 

 

Figure 1. Students’ improvement of problem-solving abilities between (a) pre-test before the intervention 

design and (b) post-test after the intervention design 
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3.1.2. Theme 2: Prioritization 

The orientation that was given to learners was to enable them to gain skills to work on ordinary 

problems in a given classroom activity using general P-S procedures. After identification of the problem, 

learners were supposed to identify possible routes and procedures to get the expected solution. These routes 

could probably be prioritized based on the order of importance towards an intended scientific solution. There 

was no need for all the learners to use the same procedures to arrive at the answer or get the answer for the 

particular question perfectly and correctly. For instance: a question like ‘For complete neutralization of  

25 cm3 of 0.120M sodium hydroxide solution 28.4 cm3 of the sulphuric acid solution is required. What is the 

concentration of the acid in grams per liter? What is the molarity of the acid?’ has no single route to get the 

answer. It was up to the students to decide on the easier route to follow based on the P-S process. 

Under the aspect of prioritization, learners were required to generate the alternative solution to a 

particular problem and the components of the activity that could enable them to arrive at the desired outcome. 

For instance, in the previous question knowing the components of the problem like the molecular formula of 

the reagents, molar mass of each reagent used, writing the balanced equation, the data which is given, and the 

formula to be used could enable the learner to get at least part of a solution to the question. Knowing the 

molecular formula can enable the learner to compute for molar mass but if the learner does not know 

precisely the atomic number of the elements making up a particular reagent, cannot precisely get the 

respective molar mass of the reagent. Besides, the experience gained from the intervention demonstrates the 

vital impact of the emphasis put on procedures in the P-S process.  

The analysis of learners’ answer sheets for pre and post-test revealed a notable difference between 

the way they answered the questions before and after the intervention. In the pre-test, some learners did not 

know what they were supposed to do in the test and they ended up copying questions. Some failed to identify 

the data that was given in the respective questions. Others failed to write the formula for the reagents given 

while others managed to write the formula and failed to compute molar masses of the respective formula. 

Other learners managed to write the chemical reactions but failed to balance the equations. On the other 

hand, the learners’ post-test results showed a substantial improvement in the learners’ problem-solving 

abilities as a result of the emphasis put on the intervention. There was much improvement in the way learners 

handled the components of the questions. Most of them were able to comprehend what was demanded in the 

questions although they could fail to obtain correct answers in some instances.  

Working on the instructional materials related to each chemistry lesson content by making effective 

use of home-based materials was done before every lesson as part of the P-S process. The process was 

enhanced by the teachers relating the lesson objectives with materials in the learners’ surroundings which 

could appropriately make materials that can facilitate the learning of the mole concept and volumetric 

analysis. For instance, learners were able to identify materials that could best be used to make a well-

calibrated burette. In the end, learners preferred the use of a clinical syringe which could be easily used to 

make a burette that could give an accurate volume as a commercially manufactured one.  

 

3.1.3. Theme 3: Alternatives 

Analysis of the alternatives available to obtain a better solution for the identified problems in 

classroom activities was also emphasized to the study participants. With time learners managed to acquire the 

skills to generate solutions that suit a particular problem. This was possible because learners were encouraged 

to evaluate not only the solution to the problem but also the value that was supposed to be obtained at the 

end. Immediately after working out a solution to particular question learners developed a tendency of 

revising the end value several times to ensure, it is precise. This helped to increase the probability of 

obtaining the right answer.  

When learners were given some activities to perform in their groups and some questions to solve by 

their teachers, they were highly motivated to read the questions carefully. Through careful reading of the 

questions, learners could identify the important aspects of that particular activity. From the alternatives 

identified as well as the components of the questions learners were able to identify steps that were dependent 

on each other to arrive at the final solution. For instance, learners were able to work out the molarity of a 

solution by working the associated number of moles. In the other way, learners could also use the alternative 

of the relationship between concentration in molarity (M), volume (cm3), and the number of moles (N). 

Therefore, the analysis of the alternative routes and steps of the question made it easier to obtain the solution. 

 

3.1.4. Theme 4: Implementation 

After critical analysis of the activities given, learners applied the alternative routes that they 

expected to give the best solution. If there was a question to be solved either individually or in collaboration 

with peers, only the best alternative procedures were employed in solving these questions. It was not just that 

the alternative answer chosen give the correct answer but it minimized the risks of getting the wrong answer. 

The emphasis of the critical analysis of the solution came after going through the learners' pre-test scripts. 
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The analysis of the papers informed the orientation process on the gaps faced by learners and what the 

teachers were supposed to do for them to fluently solve the problems. Also, after the orientation given to 

them on the use of hands-on activities in the classroom and searching of instructional materials, learners 

implemented all the procedures in their classroom setting under the guidance of their teachers. It is through 

the implementation of the alternative solutions to the particular question that is when learners were able to 

identify if the proposed solution is appropriate. Immediately after the answer was obtained learners were 

supposed to go through the process of solving that particular problem again to check whether the answer is 

promising to be correct. Sometimes learners used the alternative route towards the answer to check if the 

same answer can be obtained again. 

Apart from observations done during the chemistry lessons, information obtained from FGDs 

complemented the evidence gathered on the contribution of the designed intervention to the development of 

learners’ P-S abilities. In groups of six learners, FGDs were conducted and Table 1 shows some of the 

learners’ excerpts corresponding to each theme. It should be noted that the names used in the presentation of 

learners’ excerpts are not real names, rather they are pseudonyms. Teachers employed the modeled 

intervention on the use of hands-on activities to ensure that learners develop P-S abilities while manipulating 

the instructional materials designed to facilitate learning as well as solve classroom problems in given 

classroom activities. The questions asked in FGDs were semi-structured. 
 

 

Table 1. Learners’ responses in FGDs corresponding to the themes 
Themes Excerpts 

Identification  The experience obtained since you came is good because it is now interesting to participate in activities given in 

chemistry lessons. (FGD 5: school B; Amiel) 
I am now aware of what to do and the procedures to follow when I face a problem in chemistry activities. For 

example, when the teacher started to teach mole concepts it was difficult for me to grasp and participate in 

classroom activities. But now I can see the changes myself. (FGD 3: school A; Kharith) 
I almost dropped chemistry… because it seemed to be difficult in general and the attempt of the questions was 

difficult to me. I can be a witness because I left blank almost all the questions in that test you gave us. (FGD 2: 

School A; Naomi) 
For me, I can say that it is a good experience. Now I  understand that there are materials that can enhance my 

learning which I ignored before. (FGD 6: School C: Geoff) 

For example, empty bottles, ball pen tubes, and tins, boxes, pegs are among the materials which can be used to make 
simple apparatus for our classroom experiments. (FGD 6: school C; Menad) 

Within this short period, I can associate well what I learn with my environment…. for example, I now understand 

that talking of measurement of different quantities, simple materials like coins, sand, water, and others can be used. 
(FGD 7: School A; Kengwa) 

Prioritization We have learned varieties of formulas and ways to answer questions which were difficult for me to know which 

formula can be used to a question…sometimes to know what starts and what follows is the problem. (FGD 3: School 
B; Huruma) 

For example (student wrote on a paper and explained) to get the number of moles one can use n=m/Mr or n=MV 

but it depends on what data do you have in that question. These formulas can also be used in the procedures to work 
for concentration depending on the data available. (FGD 7: School A; Malaika) 

Alternatives I would rather use the direct route (student wrote on a paper) of the MaVanb=MbVbna formula than using the route 

of working for the number of moles. (FGD 4: School C; Elisha) 
Although finding molarity by working for the numbers of moles is a long route but it is giving me a precise answer. 

(FGD 7: School A; Jackob) 

Previously I was not checking whether my answer is correct…this time am using just a short time to answer a 
question and I prefer using the alternative way to check whether the answer I got is correct or not…. Even when I 

don’t use an alternative way but I should check for the accuracy of the answer I got. (FGD 5: school B, Jemimah) 

Implementation When this system of learning was used in the first place I saw it as the long route and saw it as a waste of time 
…these days I’m enjoying using it and I frequently get the answers correct. (FGD 7: School C; Mehsack) 

It feels interesting to me because I systematically solve the questions in all activities given and I rarely get the 

answers wrong. (FGD 6: School B; Ziporah)  
I can identify the appropriate formula to use and implement in a particular question. (FGD 4: School A; Nimrod) 

With this learning style of working by cooperating with my fellow students, I am becoming fond of chemistry and I 

could never see the necessity of it being part of my life if we could not directly involve materials that I know from 
home. (FGD 6: School C; Kuruthum) 

 

 

Quantitative data analysis of pre- and post-intervention PST results was done to complement the 

qualitative data as well as give the measure of the impact of hands-on activities done using learning resources 

designed by learners on their PSS and ability as shown in Table 2. The descriptive statistics results gave the 

mean and standard deviation was (M=5.590, SD=2.532) before the designed intervention and (M=12.820, 

SD=3.560) after implementation of the designed intervention. Also, a dependent samples t-test was 

performed on pre and post-test PST results from t (168)=48.465, p<0.0005, and the effect size of 0.934 was 

obtained from t-test results. The effect size value confirms that there was a significant impact of hands-on 

activities on learners’ PSS and abilities. 
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Learners’ performance in the post-test was much better than that of the pre-test due to the impact of 

the intervention design. The effect size of 0.934 computed from the t-test results revealed that learners’ 

ability to solve mole concept and volumetric analysis problems was stimulated by engaging them in hands-on 

activities using learning resources obtained from their immediate environment. 
 

 

Table 2. Dependent samples t-test for pre and post-problem-solving test 

 
Paired differences 

t df P 
M SD 

SE 

Mean 

95% of the CI difference 

Lower Upper 

Problem-solving tests Pre- Post-test 7.231 1.940 .149 6.936 7.525 48.465 168 .000 

 

 

3.2. Discussion 

The information obtained from the four themes and the quantitative information obtained from PST 

was triangulated to answer the two posed research questions. The information is discussed based on the 

related literature. The discussion is presented in subsection. 

 

3.2.1. Research question 1 

We triangulated information from lesson observations, FGDs, and PST to generate collective 

information on the contribution of HIM to the development of learners’ PSS in chemistry. The results from 

lesson observations done in the three schools give evidence on how the learners’ problem-solving skills 

developed from time to time. This was detected based on the first impression that learners had before 

attempting various classroom activities. At the onset of the intervention, some learners could just stay sitting 

without doing anything, and sometimes when given activities some could just copy questions and not work 

out the solution; while others could start immediately by writing without reading, digesting, and getting to 

understand the concept behind a particular question. Besides, based on the fact that the study aimed at 

developing learners’ basic P-S abilities, the criteria of success of the study was to see whether learners take 

time to read and understand the demand of the question to arrive at the desired final answer This was 

detected when learners were able to begin answering the question by identifying all the information given in 

the question, missing data, and the demands of the question. Thus, it is important to note that for learners to 

better solve a problem in a particular question should spend time reading the question, understanding the 

concept behind it, as well as major components of the question.  

As seen in Table 2 the t-value of 48.465 which gave the effect size of 0.934 gives evidence of the 

significant difference of learners’ P-S abilities between pre and post-test results of the PST. This result 

reveals that engaging learners in hands-on activities have an impact on the development of their P-S abilities 

as the activities give them chance to be actively engaged in the learning process. This is in line with [3], who 

said that when learners interact in hands-on activities with a well-thought-out plan develop a better 

understanding of both simplified and complex algorithmic expressions of an activity. According to them, 

hands-on activities increase learners’ positive impression and a sense of ownership of the learning process as 

well as prepare them better for the exams. Also, hands-on activities enable learners to familiarize themselves 

with the concepts to reduce memorization [35]. Thus, learners with these features can subsequently gain the 

ability to solve problems in ordinary classroom activities. 

If learners have understood the concept behind a particular question it is obvious the time that may 

be used to work for the solution will be reduced [21]. This is because the problem in a given question is 

already clear to learners. Therefore, working for the solution will not demand much time. Also, when learners 

can identify steps of the question like the formula to be used to get the solution; or whether the question 

requires the writing of a balanced chemical equation; or if the concept behind the question involves 

alternative formula to get the answer. Working for the solution is expected not to be much harder and will 

consume lesser time. Indeed, it seems that when learners are familiar with a problem or some aspects of a 

problem [36], [37] helps to create a bridge between the problem and the solution which later improves their 

P-S abilities [38], [39]. 

Again, it was noted from the findings that the PST seemed to be like a simple exercise to few 

learners. These learners did not struggle to work for solutions in both pre and post-test. This brought to our 

notice that these learners either had some prior understanding of the content or knowledge of the P-S process. 

Perhaps it is because these learners got time to evaluate and reflect on their answers to see whether they are 

correct [36], as claimed by one learner in FGD. Also, these are among the learners who participated fully in 

lessons and they seemed to have understood well the concept underlying the questions. Therefore, their 

attempt at the questions was not only to work for the answers but also to express the knowledge obtained in 

the relationship between the concept and the questions [40]. Learners with such capacity demonstrate similar 

behaviors as the experienced problem-solvers rather than novice problem solvers [17], [18], [36]. From this 
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finding, we conclude that researchers interested in conducting a related study should consider structuring 

PST that caters to all learners’ learning abilities. 

 

3.2.2. Research question 2 

We triangulated information from only lesson observations and FGDs to establish how learners can 

interact in hands-on activities and at the same time develop their P-S abilities. Knowing the patterns of the 

problem enabled learners to fulfill another important aspect of this study which was searching for 

instructional materials appropriate for learning intended chemistry concepts. The shared learning objectives 

gave the picture to learners of what materials that they could bring in the class along with them to facilitate 

the learning of the mole concept and volumetric analysis. Also, the objectives shared by the teachers 

enlightened the learning intentions of the lesson which later enabled learners to elicit the success criteria of 

the lesson too. Besides, engaging themselves in searching for instructional materials that are home-based 

enabled learners to relate chemistry content with their surroundings. This is expected not only to reduce the 

issue of insufficient learning resources but also to create a P-S mindset that can later enable learners to solve 

other real-world problems [16], [37], they may encounter in their surroundings. 

Also, the direct association of the content with the surroundings makes learning authentic [38], [41]. 

From FGD, one of the learners verified how the intervention helped her to associate learning with the 

surrounding environment. The association was done between what learners know, see and come across daily 

against various areas of mole concept and volumetric analysis. This kind of association between materials in 

learners’ surroundings and the concepts learned did not only enable them to work for the appropriate 

instructional materials [42], but also enabled them to stay in a learning mood outside the learning 

environment [43]. Through the implementation of HIM, learners were actively engaged in the lesson 

irrespective of whether commercial instructional materials are sufficiently provided to sustain their learning 

[44]. Therefore, this kind of learning approach where learners associate their immediate environment and the 

lesson content make the learning process to be part of learners’ daily life. 

 

 

4. CONCLUSION 

The study revealed that learners’ PSS considerably improved due to the implementation of the 

designed HIM intervention. This was manifested in the way learners were able to identify problems in 

different given classroom activities, attempt PST, and their ability to prepare instructional materials to be 

used in chemistry lessons. Also, some concepts that seemed to be difficult in mole concept and volumetric 

analysis topics became more understandable when learning was contextualized and associated with learners’ 

prior experiences through HIM. The designed approach has a pedagogical significance to both chemistry 

teachers and learners as it increased accessibility and availability of instructional materials for meaningful 

learning. Not only that, but learners can manage to work comfortably and independently in absence of their 

teachers. Besides, through the implementation of the hands-on activities, learners experienced ownership of 

their learning process by playing part in searching for the appropriate instructional materials for their 

learning. This is not only actively engaging learners in the lesson but also elevates a lifelong learning 

perspective. In addition to that, learners’ ability to solve real-life problems related to their learning was also 

enhanced. Nevertheless, this research informs both curriculum developers and implementers on the essence 

of integrating the designed HIM in other science subjects other than chemistry at all levels with a similar 

learning environment as in this study. This can create a generation that can challenge scientific issues and 

solve the emerging problems in this ever-changing technology. Therefore, we boldly conclude that if the 

designed intervention is given the needed attention; learners’ P-S ability and skills can be enhanced. 

Based on the key findings of this study, we recommend the implementation of HIM in chemistry 

classrooms of similar educational contexts as those in this study. Besides, more emphasis should be directed 

to the frequent use of hands-on activities not only in chemistry but also in other science subjects to make the 

whole process of learning science authentic and improve educational practice. Besides, it is more important 

to note that contextualization of chemistry learning through the integration of the lesson content in real-life 

situations is paramount to enable learners to develop PSS. Also, researchers should endeavor to conduct 

studies that put the learners at the center of the learning process. The paradigm shifts from teachers being the 

center of all aspects of the learning process can empower learners to take charge of the learning and reduce 

teachers’ workload. Finally, the shift of the paradigm can create a meaningful learning environment which in 

turn will enhance nurturing of a generation of independent learners equipped with skills essential for the fast-

growing 21st-century world’s economy.  
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