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ABSTRACT 
The study investigated the comparative effects of Selvaratnam, & Fraser (1982) and 
Ashmore et al. (1979) problem-solving instructional strategies on Advanced Level 
students’ achievement in Stoichiometry. The quasi-experimental design with a non-
equivalent comparison group consisting of pre-and post-test measures was utilized in 
the study. The participants were 525 Advanced level chemistry learners drawn from 8 
high schools from Gweru district. Data were collected using standardized achievement 
Tests in stoichiometry. The problem-solving instruction was implemented in four 
experimental schools while the remaining four control schools were taught using the 
conventional lecture method. Analysis of Covariance (ANCOVA) was used to analyze 
data. The findings indicated a statistical significant difference in the performance of 
students taught using the two problem-solving strategies and those taught using the 
conventional method. The Scheffe’s post- hoc test indicated that students taught using 
the Ashmore et al. (1979) problem-solving instructional strategy performed 
significantly better than those taught with the Selvaratnam & Fraser problem-solving 
strategy. Furthermore, it was also found that the performance of students in the 
experimental group was not influenced by gender. Chemistry teachers are therefore 
strongly recommended to use problem-solving instructional strategies in their classes 
to improve the abilities of learners in solving stoichiometry problems. 

Keywords: achievement, chemistry education, gender, problem solving instruction, 
stoichiometry 

 

INTRODUCTION 
One of the major goals in science education is the development of problem solving skills which are critical in a 
highly technical, scientific, as well as complex modern society (Gongden, 2016). The development of such problem 
solving skills will enable learners to deal with various emerging challenges effectively. Therefore, development of 
students’ problem solving skills is one of the needs of the hour. Recognising this instrumental role that science 
plays, it becomes important that science educators develop strategies of improving and promoting the teaching and 
learning of science (Argaw, Haile, Ayalew, & Kuma, 2017). Chemistry is one of the science subjects that plays an 
important role in national development. As noted by Okafor (2000), the scientific development of any nation hinges 
upon the quality of chemical education offered in schools. Chemistry as a school subject is relevant to a number of 
manufacturing industries such as pharmaceuticals, food processing, agricultural, clothing and textiles, 
petrochemical as well as metallurgical industries (Gongden, 2016). 

However, due to its abstract, complex and conceptually demanding nature, chemistry has been found to be 
difficult for most secondary school students (Adesoji, Omilani, & Dada, 2017; Agogo & Onda, 2014; Childs & 
Sheehan, 2009; Kamisah & Nur, 2013). As noted by Biglin (2005) these difficulties stem from the learner’s lack of 
sufficient prior knowledge or cognitive development, learner’s psychological development, mathematical anxiety, 
visual abilities, or instructional method employed. Studies by Gilbert and Treagust, (2009) further highlight that 
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misconceptions and problems with models and modelling often act as important impediments to students’ learning 
in chemistry. From the researchers’ observations and experience, learners become nervous when learning chemistry 
aspects that involve solving quantitative problems. In addition, the learners are always agitated when they are 
required to apply problem solving techniques to find solutions to quantitative problems in chemistry. 

According to Naah and Sanger (2012), chemistry students find a number of concepts difficult to learn. 
Stoichiometry has been identified as one of the topics in chemistry that students find difficult to learn (Tan et al., 
2010; Yıldırım et al., 2011).Research has shown that the poor performance by Zimbabwean students in chemistry is 
as a result of their poor problem-solving in stoichiometry (Kazembe & Musarandega, 2012). The Zimbabwe Schools 
Examinations Council (ZIMSEC, 2013) chemistry examiners report notes the difficulties that chemistry students 
have in performing numerical calculations involving the mole concept as well as writing of balanced equations. 

Chemical stoichiometry has been found to be multi-topic, complex and abstract in nature as a result students 
find it difficult to comprehend (Sedumedi, 2014). Molnar and Molnar-Hamvas (2011) further note that 
stoichiometry is fundamental to all aspects of chemistry and requires students’ deep problem solving skills. 
Problem solving skills are generic skills that contribute to success in solving problems including the ability to 
understand the problem as well as rules that can be applied to solve a problem. As noted by Seyhan (2015), problem 
solving skills include the ability to reason analytically, think critically and create productively. Ding & Xu (2011) 
further note that, problem-solving skills include higher order cognitive processes and involve a series of abilities, 
such as visualization, association, abstraction, comprehension, manipulation, reasoning, analysis, synthesis, 
generalization, each needing to be managed and coordinated. The classroom learning experiences therefore need 
to be designed to scaffold and develop students’ problem solving skills. 

To be able to solve stoichiometric problems, students should not only possess good mastery of stoichiometry 
concepts, but also ability to construct and balance reaction equations and using them in calculation of the quantity 
of chemical substances (Molnar & Hamvas, 2011). Furthermore, in stoichiometry, students are actively engaged in 
solving problems that are sophisticated (Sedumedi, 2014). To be actively engaged in solving sophisticated 
problems, students need to have knowledge structures that are well organised (Bledsoe & Flick, 2012) which in 
most instances is lacking among high school students consequently they find stoichiometric problem-solving 
difficult to undertake. This lack of well-organized knowledge structures requires that chemistry educators 
intervene with different teaching and learning strategies to address students’ problem-solving challenges and 
improve their capabilities in problem-solving. 

Efforts to develop instructional strategies to enhance student’s problem-solving abilities in chemistry have led 
to the development of many problem-solving models and has seen the establishment of these models in teaching 
and learning basic science (Adigwe, 1998; Nbina & Joseph, 2011).This has resulted in the enhancement of the 
academic achievement of students. In the Zimbabwean context, as far as the researchers’ knowledge is concerned 
no research has attempted to study how problem-solving instructional strategies can enhance the abilities of 
chemistry learners in problem-solving. This study, therefore, seeks to investigate how selected problem-solving 
models (Ashmore, Casey, & Frazer, 1979; Selvaratnam & Frazer, 1982) can facilitate the abilities of Zimbabwean 
Advanced Level chemistry students’ in solving stoichiometry problems. 

The frame work of Ashmore, Casey, and Frazer (1979) for solving problems in chemistry consists of the 
following stages: defining the problem goal, selecting information from problem statement, selecting information 
from memory and evaluation of the solution to the problem. The model is based on the premise that if students are 
to be successful in solving chemical problems then they must possess strong knowledge in chemistry, knowledge 
of problem solving strategies and tactics as well as confidence (Adesoji & Babatunde, 2008).  

On the other hand, model devised by Selvaratnam and Frazer, (1982). model has five steps which are: clarifying 
and defining the problem, selecting the key equation or relationship, deriving the relationship for the solution of 
the problem or calculation, collecting data, checking the units and calculating or solving the problem and finally 
reviewing, checking through steps 1-4, confirming the units and learning from the situation. As noted by Udo (2011) 
the learner is expected to perform a number of of sub-tasks such as reading through the problem statement, 
identifying the known and the unknown, sorting out and arrange the data in convenient manner; and focus on the 
problem that is to be solved. 

Contribution of this paper to the literature 

• The study evaluates the comparative effect of two problem solving instructional strategies on students’ 
achievement in stoichiometry. 

• This study highlights that the use of problem-solving instructional strategies has shown a significant 
positive effect on enhancing students’ achievement in stoichiometry. 
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Statement of the Problem 
Students’ poor problem solving ability, learning difficulties and misconceptions in stoichiometry is an 

indication of the likelihood of a deficiency in instructional strategies used in the chemistry classroom a conclusion 
drawn by Gongden (2016). The Zimbabwe Schools Examinations Council (ZIMSEC) chief examiners reports over 
the years (2012-2017) report the lack of understanding of stoichiometric concepts and ability solve stoichiometric 
problems among learners. Currently, the instructional strategies being used in chemistry teaching have not realised 
considerable improvements in the quality of students’ achievement in the subject to a considerable extent. As a 
result, developing better strategies of teaching chemistry has been and is becoming one of the core issues that 
scholars deal with in chemistry education. The focus on improving learners’ problem-solving skills using problem-
solving instructional strategies to foster a deeper and more meaningful understanding of stoichiometry therefore 
becomes important for chemistry educators. 

Objectives of the Study 
The study addressed the following objectives: 
i) To determine the effect of the Ashmore, Casey & Frazer (1979) problem-solving model and the Selvaratnam 

and Frazer, (1982) problem-solving model on the achievement of students in stoichiometry. 
ii) To determine if gender has an influence on the achievement of students in stoichiometry when exposed to 

the Ashmore, Casey, and Frazer (1979) as well as Selvaratnam and Frazer, (1982) problem –solving models. 

Hypotheses of the Study 
HO1:  There is no significant difference in the performance of students taught using the two problem-solving 

instructional strategies and those taught using lecture method. 
HO2:  There is no significant difference between the performance of female and male students taught 

stoichiometry using the two problem-solving instructional strategies and those taught using lecture 
method. 

RESEARCH METHODOLOGY 
The study employed a quasi-experimental research approach with a non-randomized, non-equivalent pre-test 

and post-test comparison group. This design was chosen since it is not possible to conduct true experiment on 
human beings. Furthermore as noted by Fatade, Mogari, and Arigbabu (2013) this design is associated with cause 
and effect relationships and is easier to set up than true experiments. The adoption of the quasi-experimental design 
in this study enabled the researchers to use intact classes during the implementation of the interventions thus 
ensuring that the smooth running of the school programmes was not disrupted. The use of intact classes made it 
possible for the researcher, to administer a treatment or intervention to some of the classes while the other classes 
act as the comparison group (McMillan & Schumacher, 2010). The views of Arzi and White, (2005) seem to suggest 
that random selection is not possible in educational research, while Cook (2002) observes that researches involving 
the effectiveness of teaching strategies to improve student achievement random assignment are rare. Since it was 
not possible for the researcher to conduct a true experiment, non-equivalent comparison group design was used in 
the study (Johnson & Christenson, 2012). 

Participants of the Study 
The sample consisted of 525 Advanced Level chemistry learners. The participants were drawn from eight 

randomly selected co-educational high schools in the district. The district has 13 high schools. The randomly 
selected schools were deemed to be equivalent (laboratory, facilities, and manpower), socioeconomic background 
and school type (public school). Argaw et al. (2017) identifies the non-equivalent control group design as the most 
commonly employed quasi-experimental design in educational research. This design however has limitations 
which can be overcome through the process of matching the experimental and comparison groups prior to the start 
of the intervention so as to make the two groups more comparable. Before the commencement of the experiment, 
the researchers had to administer a pretest to all high schools in the district. Based on the result, eight high schools 
that were found to have scored and obtained nearly the same mean score were selected. The researchers then 
divided the schools into two groups based on their geographical location and randomly assigned the two groups 
into experimental and comparison group. Four schools on the northern and eastern parts of the district constituted 
the comparison group (with 275 learners) while the experimental group was composed of the remaining four 
schools (with 250 learners) on the southern and western parts of the district. A distance of about 25km separated 
the control and experimental schools. The learners in the comparison group (schools) were taught by their teachers 
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using the conventional lecture method. The learners in the experimental group (schools) were also taught by their 
teachers who served as research assistants after having been trained on the use of problem-solving instructional 
strategies. These research assistants implemented problem-solving instruction in their classes. Experimental group 
1 was taught using the Ashmore, Cassey, and Fraser (1979) problem solving model while Experimental group 2 
was taught using the Selvaratnam and Fraser (1982) problem solving model. 

Instruments for Data Collection 
Data for this study were collected using problem-solving achievement tests in stoichiometry. The test comprised 

of 25 multiple choice items. The test was validated by experts in chemistry education before its use in the pilot as 
well as in the actual study. The internal consistency of the test was evaluated using Cronbach alpha coefficient and 
found to be 0.84 which is an acceptable level of reliability. 

Method of Data Analysis 
The analysis of data was carried out using both descriptive statistics (mean, standard deviation) and inferential 

statistics (analysis of covariance, ANCOVA) using Statistical Package for Social Sciences (SPSS) version 20.0. The 
post-test score for stoichiometric problem-solving test was subjected to Analysis of Covariance (ANCOVA) using 
pre-test scores as covariates. The use of ANCOVA analysis was to “statistically control” for influence of 
confounding variables. A p-value of less than 0.05 was considered to be statistically significant. 

FINDINGS 
In this section the two research objectives raised were answered based on the results in Tables 1 and 2. 
Research Objective 1: The effect of Ashmore, Casey & Frazer (1979) and Selvaratnam & Frazer, (1982) problem-solving 

models on the achievement of students in stoichiometry. 
Table 1 shows mean and standard deviation for the response of stoichiometry problem solving test. The result 

of the study shows the pre-test mean score of the experimental groups and that of the comparison group was nearly 
the same. As highlighted by Argaw et al. (2017) this enabled the researchers to infer the effect of the treatment 
(problem-solving instruction) after the intervention. Higher scores on the post-test form the experimental group 
than the comparison group can then be attributed to the treatment, on the basis that confounding variables would 
have been controlled.  

From the data presented in Table 1, it was observed that the students in the two experimental groups 
(Ashmore et al. (1979) and Selvaratnam and Frazer (1982)) had mean scores of 56.6949 and 56.7179 and 
corresponding Standard deviations of 0.99149 and 1.15852 respectively. The mean score for the students in the 
control group was found to be 40.6160 and the standard deviation being 1.15667. The observation implied that the 
use of the two models indicated a positive effect on the students’ achievement in stoichiometry. The post test result 
shows that the two experimental groups had greatly improved than the comparison group and had much better 
mean gain scores.  

The study went on further to statistically test the main effect of Selvaratnam and Frazer (1982) and Ashmore et 
al. (1979) problem-solving instruction on participants’ overall achievement in stoichiometry. In this study, the use 
of ANCOVA enabled the researcher to isolate the effect of Selvaratnam and Frazer (1982) and Ashmore et al. (1979) 
problem solving instructional strategies after having statistically removed the effect of the covariate (pre-test 
scores). 

The following null hypotheses (Ho) was tested at 0.05 levels of significance.     
Null hypothesis: Ho: There is no significant difference in the mean achievement scores of students’ taught using 

the Selvaratnam & Frazer (1982) and Ashmore et al. (1979) problem-solving models and those taught with the 
conventional method. 

Alternate hypothesis: H1: There is a significant difference in the mean achievement scores of students’ taught 
using the Selvaratnam & Frazer (1982) and Ashmore et al. (1979) problem-solving models and those taught with 
the conventional method. 

Table 1. Summary of mean and standard deviation scores of the students in pre-test and post-test classified by treatment groups 
Group pre-test post test  
 M SD M SD Mean gain 
Experimental group 1. n=117 40.0514 1.25987 56.7179 1.15852 16.6665 
Experimental group 2 n= 118 40.9867 1.01156 56.6949 0.99149 15.7082 
Comparison group (n= 275) 39.4425 1.26113 40.6160 1.15667 1.1735 
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The results of the hypothesis test are presented in Table 2. 
The result in Table 2 suggest that the treatment (Selvaratnam and Frazer (1982) and Ashmore et al. 

(1979) problem-solving models is a significant factor on students’ achievement in stoichiometry. Thus the 
hypothesis H0 that there is no significant difference is rejected. The implication is that a significant difference exists 
in the mean scores of subjects exposed to the two problem-solving models and those not exposed. 

Scheffe’s Post hoc Analysis 
To determine which of the two methods was most effective in teaching stoichiometry, a post-hoc analysis was 

conducted using Scheffe’s Post Hoc test. The advantage of using this procedure is that it is conservative and covers 
a broad range of complex tests including post-hoc relationships among many groups (Kim, 2015). Scheffe’s test has 
the advantage of giving the experimenter the flexibility to test any comparisons that appear interesting. The results 
are summarized in Table 3. 

The results in Table 3 show that learners in the two experimental groups are significantly different from those 
in the control group and that their performance was better than those in the control group. Moreover, the Scheffe’s 
post-hoc test also indicated that there was a significant differences between the two experimental groups (those 
taught using the Ashmore et al problem solving model did significantly better than those taught using 
the Selvaratnam-Frazer problem-solving model. 

Research Objective 2: The influence of gender on the mean achievement scores of students taught Stoichiometry using 
problem-solving instruction. 

Table 4 shows that the males in the two respective experimental groups had higher mean scores than their 
female counterparts. 

The following hypothesis was tested at the 0.05 levels of significance. 
Ho1:  There is no significant difference in the performance of male and female chemistry students exposed 

to Selvaratnam & Frazer and Ashmore et al problem-solving models. 
H1:  There is a significant difference in the performance of male and female chemistry students taught 

using Selvaratnam-Frazer and Ashmore et al problem-solving models. 
The data in Table 5 indicates that the F-ratio for the gender factor was not significant since 0.05 is less than 0.171 

(P>0.05). The conclusion is that there was no significant difference between the mean achievement scores of male 
and female students taught stoichiometry using the models. 

Table 2. The test of Between-Subjects Effects; Stoichiometry post-test 
Source Type III Sum of Squares df Mean Square F Sig. 
Pretest 4.312 1 4.312 3.459 .084 
Group 31140.261 2 15570131 12491.765 .000 

 

Table 3. Scheffe’s post hoc analysis of post-test scores for treatment groups 
Treatment (I) Treatment (J) Mean difference (I – J) Std. error Sig 

Comparison Experimental group 1 -15.3706 1.6144 .000 
Experimental group 2 -10.5207 1.6215 .000 

Experimental group 1 
Comparison 15.3706 1.5978 .000 
Experimental group 2 4.8499 1.6215 .000 

Experimental group 2 
Comparison 10.5207 1.5978 .000 
Experimental group 1 -4.8499 1.6144 .000 

 

Table 4. Comparison of male and female students across groups in the Stoichiometry Achievement Test 
Group Gender Mean Standard deviation N 

Comparison group Female 40.9912 1.25519 113 
Male 40.8613 1.13230 137 

Experimental group 2 Female 51.2542 2.16232 59 
Male 51.6271 1.63895 59 

Experimental group 1 
Female 56.0690 3.28667 58 
Male 56.5085 1.26454 59 
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DISCUSSION 
The research findings reveal that problem-solving instruction is more effective on improving problem-solving 

skills of chemistry learners in stoichiometry than the conventional teaching method. The finding of this study is in 
consonance with the view of Çaliskan, Sezgin Selçuk, and Erol (2010), Noh, Jeon, and Huffman (2005) who assert 
that problem-solving instruction enhances achievement in Chemistry more than conventional lecture method of 
teaching. Independent interpretations from both descriptive statistics and analysis of covariance (ANCOVA) 
showed clearly that the problem-solving instruction enhance student achievement in chemistry better than the 
conventional method. This result is in agreement with the results of earlier studies carried out by Aka, Guven, and 
Aydogdu (2010) as well as Akınoğlu and Tandoğan (2007) both of which established the relative efficacy of 
problem-solving instructional strategies in fostering students’ achievement in school subjects relative to the 
expository method. The findings are in accord with Hung (2008) who noted that the use of problem-solving 
instruction significantly increased students’ achievement in computer programming. 

With reference to the second research question (To what extent would gender influence the mean achievement 
scores of students taught with problem-solving instructional strategies?), the effect of problem-solving instruction 
on stoichiometry problem-solving abilities and achievement of female and male students in the treatment group 
was not found to be statistically significantly different. Literature has reported many findings (Donnelly et al., 2012; 
Madsen et al., 2013; Richardson & O’Shea, 2013) revealing the exceptional performance of male students than their 
female counterparts in science. However, in the present study problem-solving instruction reduced the gender gap 
in stoichiometry problem-solving skills and performance indicating that gender is not a perfect predictor as far as 
achievement in stoichiometry concerned, whether students are taught using problem- solving approach or the 
conventional method. This finding was also in consonant with Adesoji and Jimoh’s (2007), as well as Gok (2014) 
that gender has no effect on students’ performance in chemistry and physics respectively, a position also held by 
Adesoji and Babatunde (2008) who also found out that gender difference had no influence on students’ performance 
in chemistry and science examinations. 

The findings of men out performing women may perhaps have been perpetuated by gender stereotyping which 
is commonly based on cultural beliefs. This finding implies that whether a student is male or female, gender does 
not make a difference in their academic achievement therefore students’ academic achievement is not a function of 
gender. All students irrespective of their sexes benefited in about the same margin from the use of problem-solving 
instructional strategies. 

CONCLUSIONS 
It can therefore concluded that the application problem-solving strategies is more effective in helping students 

improve their problem solving performance than conventional lecture method. This clearly supports the 
implementation of problem-solving instruction in the chemistry classroom. The implication is that students who 
were taught using problem-solving strategies had well mastered the strategies of solving stoichiometry and ionic 
equilibrium problems better than those taught using the conventional method. 

The gender difference among students exposed to problem-solving instruction was not significant implying 
that problem-solving instruction is capable of facilitating learning in similar manner among male and female 
students in stoichiometry and ionic equilibria. 

Table 5. ANCOVA summary Table for post-test Performance Scores based on gender 
Source Sum of Squares df Mean Square F Sig. Partial Eta Squared 
Corrected Model 21692.770a 6 3615.462 1181.139 .000 .937 
Intercept 5643.119 1 5643.119 1843.557 .000 .794 
pretest 31.654 1 31.654 10.341 .001 .021 
gender 5.743 1 5.743 1.876 .171 .004 
group 21335.570 2 10667.785 3485.071 .000 .936 
gender *group 7.922 2 3.961 1.294 .275 .005 
Error 1463.155 478 3.061    

Total 1103092.000 485     

Corrected Total 23155.926 484     
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RECOMMENDATIONS 
Based on the major findings of this study, the following recommendations are made: 
It is evident from the study that, problem-solving instructional teaching methods are effective in improving 

students’ achievement in stoichiometry and ionic equilibria. Therefore, chemistry teachers are strongly 
recommended to use these teaching methods in their lessons to facilitate students’ problem solving performance. 

Considering that the goal of chemistry education is to improve problem solving skills of learners, findings from 
the study suggest need for proper training of pre service teachers in problem solving instruction as well as how to 
implement effectively problem-solving instruction. Furthermore in-service training through symposiums and 
workshops should be organized and made compulsory for practicing chemistry teachers so that they can embrace 
the skills of the problem-solving strategies for effective implementation of the strategies in teaching chemistry. 

The teacher education should be geared towards preparation of Chemistry teacher to acquire and maintain 
appropriate problem solving strategies which strongly enhance achievement of Chemistry students at high school 
level. 

SUGGESTIONS FOR FUTURE RESEARCH 
Future researchers may conduct longitudinal studies on the effect of problem-solving instructional strategies 

on student achievement in the chemistry classroom. 
Furthermore, future studies may consider replicating the study in other chemistry topics. 
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