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The Effect of Constructivism on Student’s Achievement, Learning Experience, and Identifying Misconceptions in Simultaneous Linear Equations in two Variables at High School level
Abstract 
[bookmark: _GoBack]The study employed a quasi-experimental design to investigate the impact of the constructivist approach on students' achievement in solving word problems related to simultaneous linear equations in two variables (SLEITV). It also explored the misconceptions and difficulties students face in this area. Using purposive sampling, two form three science classes were selected, with 21 students randomly chosen from each class, resulting in a total sample size of 42 students from Ashaiman Senior High School. Data collection involved both quantitative and qualitative methods, including tests and interview guides. Analysis of pretest results revealed common misconceptions such as ratio and fraction errors, translation errors, unsubstantiated errors, and unitary concept errors. Following the intervention, a paired sample t-test indicated a significant improvement in posttest scores (M = 24.83, SD = 5.31) compared to pretest scores (M = 17.45, SD = 8.63); t(41) = -14.723, p = 0.000. The findings confirmed that the constructivist approach positively influenced student learning, boosting their confidence and interest. The study recommends that educational authorities provide regular in-service training to enhance mathematics teachers' skills for improving student learning outcomes.

Introduction
Mathematics is a cornerstone of scientific and technological development, permeating various fields such as commerce, economics, and education (Tella, 2008). The teaching profession plays a crucial role in shaping future generations, as effective educators are essential for preparing students to meet the challenges of the 21st century. This preparation hinges on teachers' abilities to design engaging activities that encourage students to apply their knowledge to real-life situations (Ball, 2003). Teaching for understanding involves guiding students to demonstrate their knowledge and utilize it creatively, fostering an environment where they construct meaning from their learning experiences (Kickbusch, 2000).
Despite the importance of mathematics, student performance in Africa, particularly in Nigeria, Kenya, South Africa, and Ghana, has been alarmingly poor. For instance, Nigeria has consistently recorded low scores in the West African Secondary School Certificate Examination (WASSCE), prompting concerns from educational stakeholders regarding the mismatch between investment in education and student outcomes (Kola et al., 2014). Similarly, Kenya faces challenges in national examinations, where mathematics is often viewed as difficult and inaccessible (Aduda, 2003). South Africa also struggles with a critical shortage of qualified mathematics professionals and a general perception of mathematics as a challenging subject (Spaull, 2012). In Ghana, the WASSCE results have indicated a significant decline in mathematics performance, with a drop from 42.73% to 33.00% of candidates achieving university qualifying grades from 2017 to 2018 (WAEC, 2017, 2018). This decline has prompted stakeholders to question the effectiveness of current teaching methods.
Classroom practices in Ghana often involve traditional rote learning, where teachers prioritize knowledge dissemination over critical thinking and collaboration. This approach results in students perceiving mathematics as boring and irrelevant, leading to disinterest in the subject (Smith, 2004). Observations from classroom engagements reveal that students struggle significantly with word problems, particularly in simultaneous linear equations in two variables (SLEITV). The 2018 WAEC Chief Examiner's Report highlighted these weaknesses, indicating that students often find it challenging to translate word problems into algebraic expressions (WAEC Chief Examiners Report, 2018).
Problem Statement
As students’ progress in mathematics, they are expected to develop essential skills and problem-solving abilities, alongside acquiring mathematical knowledge. A critical area of focus is the system of linear equations in two variables, a fundamental component of algebra that is vital for fostering mathematical understanding (Ministry of Education, 2007). Despite its importance, many students encounter difficulties in solving algebraic word problems (Adu, 2013; Issaku, 2012), signaling a need for enhanced pedagogical strategies.
To address these challenges, teachers must implement innovative approaches that promote deeper comprehension of algebraic concepts. The constructivist approach, which emphasizes active learning through exploration and inquiry, is particularly effective. This method encourages students to construct their own understanding based on prior knowledge, particularly in problem-solving contexts. Word problems often require students to contextualize mathematical tasks within real-world scenarios, reinforcing their skills and enhancing practical application (Palm, 2009; Guelas & Pasia, 2025).
Research has previously identified misconceptions among senior high school students regarding algebraic word problems (Ladele, 2013; Maguire, 2012). Recognizing and addressing these misconceptions is crucial for improving overall mathematics performance. Given the significance of algebra in the curriculum and the difficulties students face, this study aims to investigate the impact of the constructivist approach on students' achievements in solving word problems related to SLEITV. By evaluating this teaching method, we can gain insights into fostering better mathematical understanding and skills, ultimately equipping students to succeed in both mathematics and their everyday lives.
[bookmark: _Toc44926184]Objectives of the Study 
The objectives of this study were;
1 to investigate the misconceptions and difficulties students make in solving word problems in SLEITV.
2 to assess the effect of constructivist approach of teaching on students achievement in solving word problems in SLEITV.
3 to investigate the views of students on the constructivist approach of teaching word problems in SLEITV.
[bookmark: _Toc44926185]Research Questions 
The research aimed at answering the following questions.
1. What misconceptions or difficulties do students have in solving word problems in SLEITV? 
2. What is the effect of the constructivist approach of teaching on students’ achievement in word problems in SLEITV? 
3. What are students’ learning experiences under the constructivist approach of teaching word problems in SLEITV as compared to the traditional method?
[bookmark: _Toc44926186]Research Hypothesis
The following null and research hypotheses were tested at 5% level of significance to help in answering research question two:
Ho: There is no significant difference between students’ pre-test and post-test mean score.
H1: There is a significant difference between students’ pre-test and post-test mean score.
Literature Review
Constructivist learning theory emphasizes that knowledge is actively constructed by individuals based on their experiences, rather than passively received. Central to this theory are the processes of assimilation and accommodation, where assimilation involves integrating new experiences into existing frameworks, while accommodation requires reframing one's understanding to incorporate new information (Driscoll, 2000; Peng et al., 2023). Von Glasersfeld (1995) articulated key principles regarding knowledge, asserting that it is constructed internally through social interactions and is functional in adapting to one's environment. He emphasized that cognition's purpose is to organize one's experiential world rather than discover an objective reality.
Mathematical word problems have garnered significant attention in educational research, recognized as vital for applying mathematical concepts to real-world situations (Hegarty, Mayer & Monk, 1995; Verschaffel et, al., 2020). These problems consist of numerical and textual elements that require students to engage in problem-solving. According to Koedinger and Nathan (2004), word problems not only serve as exercises but also as opportunities for students to develop critical thinking skills. Vernooy (1997) noted that word problems illustrate the connection between mathematics and critical thinking, emphasizing the importance of careful reasoning in problem-solving.
Students often encounter difficulties when solving word problems, especially in algebra, due to translational errors and misunderstandings of mathematical terminology (Bush & Karp, 2013; Ying et. al., 2020). Research indicates that many students struggle to translate word problems into mathematical statements, often relying on keywords rather than comprehending the underlying concepts (Dela Cruz & Lapinid, 2014). Errors can arise from linguistic misunderstandings, operational reversals, or structural misconceptions, complicating the problem-solving process (Pape, 2004). Moreover, distractions from irrelevant information can hinder students' ability to focus on essential aspects of a problem (Gooding, 2009).
In teaching simultaneous linear equations, there is a notable lack of research focused specifically on this area (Kieran, 1992). Many students transition to this topic without a solid understanding of previous algebraic concepts. Effective teaching requires addressing students' varied interpretations of algebraic symbols, recognizing that some may view letters as representing specific unknowns, while others may struggle to understand their broader implications. Graphical methods can provide approximate solutions, but algebraic techniques, such as substitution, are essential for finding exact answers (Martin-Gay, 2003).
Overall, there is a pressing need to explore innovative teaching methods and enhance pedagogical content knowledge in algebra. Constructivist approaches that encourage active engagement and problem-solving can foster deeper understanding among students, equipping them with the skills necessary to navigate both mathematical challenges and real-world applications. By addressing misconceptions and promoting meaningful interactions, educators can significantly improve students' mathematical proficiency and confidence.
Methodology
Research Design
Gay, Mills, and Airasian (2006) define research design as the framework for a study, serving as a plan or blueprint for conducting research. It details the sampling procedures and data collection methods necessary to achieve the research aims and objectives, ultimately aiming to provide credible answers to research questions (Macmillan & Schumacher, 2001). The study employed a quasi-experimental research design, specifically a one-group pretest-posttest design. This approach was selected to effectively investigate pretest and posttest results (McMillan, 2000) while ensuring internal validity. By using a single group, the design mitigated the risk of test information leaking between control and experimental groups. This method allows for direct comparisons of scores from the same participants before and after the treatment.
Population, Sample and Sampling Procedure
The study focused on all form three students at Ashaiman Senior High School, totaling 491 individuals. The researcher, with nine years of teaching experience at the school, chose this population due to familiarity with the academic environment. The target population included all form three science students.
To gather relevant data, the researcher employed purposive sampling to select two science classes, as students in these programs are known to have a more positive attitude towards mathematics (Awanta and Asiedu-Addo, 2008). This technique allows for the intentional selection of participants likely to yield valuable insights (Creswell, 2003).
Subsequently, a lottery method of simple random sampling was used to select 21 students from each class, resulting in a total sample size of 42 students. This approach ensured fair representation and addressed classroom capacity limitations. Thus, the final sample size for the study was 42 form three science students making up 27 boys and 15 girls. 

Instrumentation
The study utilized both test items and interviews to gather data. It included a pretest and a posttest, with the pretest aimed at identifying students' misconceptions and their performance in solving word problems related to SLEITV before the treatment. The posttest assessed the effectiveness of the constructivist teaching approach.
Interviews, as described by Thomas (2003), were employed to elicit responses from participants. A semi-structured interview guide was prepared, resulting in two interview sessions: one after the pretest and another after the posttest. Each session featured four open-ended questions. The pretest interview aimed to uncover students' misconceptions about word problems, while the posttest interview focused on gathering students' opinions regarding the constructivist teaching method.
To capture a range of perspectives, the researcher interviewed eight students after the pretest and ten after the posttest, selecting participants based on their performance in both assessments. This approach helped understand students' perceptions of word problems in SLEITV and the effectiveness of the teaching method.
[bookmark: _Toc44926218]Validity and Pilot-testing of Instruments	
Assistance was initially sought from colleague researchers and later from mathematics lecturers at the University of Education, Winneba, to assess the face and content validity of the study's instruments. The tests and interview guides were reviewed, and feedback led to the revision of the initial items. Out of ten test items, six were eliminated due to difficulty, and two new items were added, resulting in a final total of six items. 
Prior to pilot testing, permission was obtained from the Headmaster to conduct the study. The pilot tests were carried out in a form three science class at Tema Methodist Day Senior High School, chosen for its similar characteristics to the study school, as both are grade D institutions.
[bookmark: _Toc44926220]Data Collection Procedure
Before sample selection, the researcher briefed participants on the study's purpose, emphasizing its role in helping them understand word problems in SLEITV. Students were encouraged to answer interview questions honestly and were assured of anonymity and confidentiality. This briefing aimed to minimize biases and foster a good relationship, promoting sincerity in responses (Trochim, 2000).
Following this initial meeting, the researcher conducted a pretest after normal school hours, followed by interviews. The study spanned four weeks during the second term, with intervention activities taking place afterward. A posttest was conducted immediately after the intervention, also after school hours. Finally, a second interview was held after scoring the students' scripts.
[bookmark: _Toc44926221]Treatment Activities	
The intervention activities were organized as follows;
· Treatment Structure: Administered after regular classes for a total of four hours, using four treatment worksheets focused on word problems in SLEITV.
· Worksheet Activities: Each worksheet contained six questions aimed at helping students translate word problems into mathematical statements, create their own problems, and understand SLEITV.
· Teacher Guidance: The teacher provided support to students unfamiliar with activity worksheets, promoting individual work and peer interaction during exercises.
· Inquiry-Based Learning: Worksheets were designed to facilitate inquiry and comprehension of word problems, based on metacognitive strategies from literature.
· Assessment and Feedback: After the treatment, students completed a posttest, and ten students were selected for interviews to gather qualitative insights. 
[bookmark: _Toc44926222]Data Analysis
As Borg, Gall and Gall (1993) argued, the results of quantitative studies should be presented in numerical form, whereas the results of qualitative studies should be presented either as verbal data (e.g., transcripts of interviews) or visual data (e.g., video recording of the events). Transcribed interviews from the one-on-one interviews with selected students were studied and issues relating to a particular research question were grouped under the research questions. These issues were quoted as narratives to support some of the discussions.
The quantitative data collected from students pretest and posttest were analyzed using Statistical Package for Social science (SPSS) software version 23.0. Descriptive statistics and paired sample t-test were used to analyzed the quantitative data. The interview conducted was transcribed and the major themes emerged from the interview were analyzed and discuss.
Results and Discussion
Data were collected and then analyzed to answer the problems posed in the study. The purpose of this study was to investigate the misconceptions and difficulties students encounter in solving word problems in SLEITV, to examine the effect of the constructivist approach of teaching on student’s achievement in word problems in SLEITV and to find out student’s learning experiences under the constructivist approach of teaching word problems in SLEITV as compared to the traditional method.

Misconceptions and Difficulties Students have in Word Problems in SLEITV
The individual students’ marked answer scripts with reference to how they answered the pretest questions and their responses to the interview questions were used to answer research question one.
[bookmark: _Toc44926229]Individual Students’ Pretest Scripts and Responses to the Interview Questions
As a first step, percentages of the correct and the wrong answers with respect to the individual questions were calculated. This was to know beforehand questions that the students answered well and those that they did not answer well to aid in the analysis of the individual students’ scripts. Table 1 below shows the information.	
[bookmark: _Toc44926230]Table 1: Students Performance in Percentages per Question
	Questions
	Percentages of correct answers
	Percentages of wrong answers

	1
	75.3%
	24.7%

	2
	43.3%
	56.7%

	3
	57.9%
	42.1%

	4
	36.1%
	63.9%

	5
	44.0%
	56.0%

	6
	46.4%
	53.6%



The pretest results indicated that Question 1 had the highest performance, with 75.3% of students answering correctly, reflecting a strong understanding. In contrast, Question 2 presented significant challenges, as only 43.3% of students responded correctly, while Question 4 was particularly difficult, with just 36.1% correct responses. Question 3 showed moderate performance at 57.9%, suggesting some confusion, and Question 5 also posed challenges, with only 44.0% answering correctly. Question 6 indicated further struggles, with 46.4% of students providing correct answers. Additionally, four types of errors in students' thinking processes were identified: ratio and fraction errors, translation errors, unsubstantiated errors, and unitary concept errors, underscoring the need for targeted intervention sessions to enhance comprehension. 
[bookmark: _Toc44926231]Ratio and Fraction Related Errors
Ratio and fraction related errors in word problems were spotted. Some of the students expressed difficulty in their understanding of ratio and fraction related word problems. Essential for solving problems of this nature, is the knowledge of how a ratio and a fraction differ. Ratio may be a comparison of a part to a part or a part to a whole, whereas a fraction generally compares a part to a whole. In the pretest question two (2) which read;

“The ratio of the present ages of Kwesi and Yaw is 2:9. Four years ago, the sum of their ages was 47 years. How old is Yaw now?”
 The students had to first translate the ratio of Kwesi and Yaw as a fraction which is 2 over 9 (). The student could make either Kwesi or Yaw the subject and substitute into the second equation which is the sum of their ages is 55. Again, pretest question three was related to this. It read: 

“In a class of 52 students, 16 are science students. If of the boys and  of the girls are science students, how many boys are in the class?”

By the question, students had to translate it by equating the sum of boys and girls to 52 and the sum of one third of boys and one fourth of girls to 16. This will lead to and  once letting  and y be the number of boys and girls respectively. In question two, PRT 39 translated it as  and 4x – 4y = 47 after stating that let Kwesi be  and Yaw be  This translation is a clear departure from what is expected. Following the students translation, the ratio part of the question was completely ignored by the student and only translated it as sum and difference. 
Also, another student, PRT 03, translated the word problem as x + y = 11 and 4x – 4y = 47 after stating that let their present ages be x and y. Following through the student’s presentation, the student added the two quantities and them equated to the sum of the two ratios. Four years ago in the question made the student subtract 4 times one quantity from four times the other quantity. This is a case of ratio and fractional related misconception.
Similarly, in the pretest question three, PRT 08 wrote; Total number of boys offering science = x 16 = 5.3 and 52 – 16 = 36. The student further wrote let x be the number of boys in the class. She then wrote  as her translation to the question. This is indicative of ratio and fraction misconception. Carefully scanning through her presentation, her attempt of multiplying by 16 which the was supposed to be used to multiply the number of boys was an error. Subtracting 16 from 52 was also an error because the 52 was the total of boys and girls in the class and the 16 was of the boys plus  of the girls. The error in her mind led to the writing of  This shows ratio and fraction related error.
The students mentioned their difficulties in translating the ratio and fraction related word problems in the interview question. When asked how they saw the questions, these are some of their responses. “So difficult” (interviewee PRT 21, male; interviewee PRT 36, male; interviewee PRT 08, female; interviewee PRT 27, female). “Didn’t know where to start from” (interviewee PRT 31, female; interviewee PRT 02, male; interviewee PRT 29, male; interviewee PRT 13, male). These responses showed that student had difficulties and challenges translating word problems on ratio and fractions. Some of the students had to say it was difficult translating and others stated they didn’t know how to start. This could be difficulty of the concept through the teaching method used in teaching them. Hence, after going through the students marked scripts and the responses from the pretest interview, it was realized that ratio and fraction related errors and were identified as some of the misconceptions/difficulties of the students in word problems in SLEITV. Out of the forty-two (42) students who took part in the test, seventeen (17) students representing approximately 40% made ratio and fraction related errors.

[bookmark: _Toc44926232]Translational Error 
Translational error is the error in writing variable representation in algebraic equations from word problems. Sometimes, translational error occurs as a result of students’ inability to understand words, phrases, or sentences in a given word problem or when students have difficulties in comprehending word problem. Students also tend to disregard some of the givens in the  problem  when  they  cannot  represent  the  phrase in a mathematical sense. It also includes the misconception that algebra is all about solving for  and  and that representation only involves those variables. Translational error is an error in the direct translation of the word problems into mathematical sentences. For instance, in the pretest question four (4) which read; 

Three times the age of Felicia is four more than the age of Asare. In three years’ time, the sum of their ages will be 30 years. Find their present ages. 

By this question, the expected translation was and  if Felicia’s age is represented by  and Asare’s age by. That is subtracting Asare’s age from three times the age of Felicia gives four and three years’ time means adding three to their present ages and summing the two ages result in twenty-four. However, PRT 02 translated it by writing, the sum of their ages is (3x + 4y) + (3x + 4y) =30 and9x + 2y =30. Following through the student’s script, the translation of  was an error and it could be deduced that he didn’t know how to go about the translation so had to write anything that came to mind. Also the translation of  showed that the part of the question that stated in three years’ time was not catered for in his translation. The reason why he equated to 30. This is a clear indication of translational error.
Added to this, PRT 27 wrote, let Felicia’s age be y without representation of Asare’s age and went ahead with the translation by writing  and solved for  wrongly and substituted injudiciously to find Asare’s age. In this student’s script, the four more which should have been seen as addition was taken to be multiplication. Translational error is visible in her script and is as a result of misconception of word translation in her thinking process.

 Furthermore, PRT 34 wrote let “a” be the Felicia’s age and “b” be Asare’s age. The student went on to write  and. The student erred in the interpretation of “three times the age of Felicia is four more than the age of Asare”. The student was not able to see that when Asare’s age is subtracted from three times the age of Felicia, it would result in four. This showed translational error. The second equation was also not well translated as “In three years’ time, the sum of their ages will be 30 years.” The error the student made was ignoring the in three years’ time and writing the equation directly as  instead of 
When Students were asked why they were not able to translate the questions correctly on the interview question “what difficulties did you encounter in answering each question”, some of the responses were “I did not know how to translate.” (Interviewee PRT 36, male; interviewee PRT 02, male). “I tried but translation was the problem.” (Interviewee PRT 29, male; interviewee PRT 21, male; interviewee PRT 08, female). “Could not understand.” (Interviewee PRT 27, female; interviewee 13, male; interviewee 31, female). The interview responses show that students had difficulty in translating word problems to mathematical statement as effort was made but ended up as fruitless. Also, some of them were totally confused as to how to translate the problem. The point could be made that if they had gotten the right translation, solving wouldn’t have been a problem for them and since the translation was the door opener, they could not go through. After going through the students marked scripts and the responses from the pretest interview, it was evident that translation error was one of the misconceptions of the students in word problems in SLEITV. At the end, case counting of similar errors in the students scripts showed that twenty (20) out of the forty two (42) students committed same error, translating to approximately 48%.

[bookmark: _Toc44926233]Unsubstantiated Error	 
Unsubstantiated error is when there is no overt evidence that the stated translation is as the result of a mathematical operation and it is an error that occurs when students answer mathematical problems carelessly. Sometimes, it is possible that the student may have performed a mental operation. However, when there is no overt evidence that the stated answer is the result of a mathematical operation, then this answer was considered as unsubstantiated error. In this study, there were instances where students did not make educated guesses. For instance considering students solutions to the pretest question five (5) which reads; 

“The sum of the ages of two brothers is 38 years. Four years ago, the age of the elder brother was the square of the younger brother’s age. Find their ages". 
The expected translation is x + y = 38 and y – 4 = (x – 4)2 after letting x be the younger brother’s age and y the elder’s age. However, PRT 36 wrote, , , ,  and stated let x represent two brothers and let y represent the age of elder. The student went on with the translation as   and  . The first part of the question that states that the sum of ages of two brothers is 38 years was carelessly translated as 2x + 38 = 0 where sum of two numbers was written as  and is 30 which should have been equal to 38 was also ignored. 
With the second part, four years ago was translated as  and the square was ignored. He refused to represent the two quantities with two variables and in that case, only one variable was represented in his translation to the question which did not make any sense as far as the question is concern. This translation was given without any methodological justifications or explanations. Since there was no meaning to the translation, it was assumed that the translation was a mere guess. This is evidence of unsubstantiated error and carelessness which has no overt evidence that the stated translation was the result of a mathematical operation. 

Again, PRT 08 wrote  is the sum of ages of the two brothers and went on to state, let x = the elder brother. The student further wrote the age of the elder brother = x2 + 4 and wrote the translation as x + x = 35. Following through the translation, it could be deduced that the translated equations have no bearing on the problem statement. The student out of carelessness did not represent the two quantities in the question by two variables and solved the question carelessly. This is evidence of unsubstantiated error. 

Also, PRT 26 wrote, let the age of the younger boy be x and let the age of the elder boy be x squared. The student went on to write the translation as x + x2 = 38. The students attempt to assign the same variable to the two different quantities and square the age of the elder brother is unsubstantiated. Trying to read the students thinking process, it could be said that the student did not pay attention to details and went about the translation carelessly. 
The students mentioned the question that posed the most difficult challenge for them in the interview; “which question posed the most difficult challenge for you? ”the difficult questions were question four (4), two (2) and five (5) but the most difficult question was question four (4).”(Interviewee PRT 27, female; interviewee PRT 21 male; interviewee PRT 02 male). “I did not know where and how to start.” (Interviewee PRT 36 male, interviewee PRT 29, male; interviewee PRT 08, female). “I did not do this question, Sir … don’t know Sir”. (Interviewee PRT 31, female; interviewee PRT 013, male). From the interview response, the students were confused as to how to approach the question. Based on the confusion in their minds, they did not know how and where to start and to the extent that some even had to avoid solving the question. Its worthy to note that after going through the students marked scripts and the responses from the pretest interview, it can be concluded that unsubstantiated error was one of the misconceptions of the students in word problems in SLEITV. This is a case of unsubstantiated error and in general. Case count of similar errors were detected in eighteen (18) out of the forty-two (42) of the student scripts translating to 42,9%.
[bookmark: _Toc44926234]Unitary Concept Error
Unitary concept errors of the students in word problems were also identified. Another possible difficulty for some of the students was their difficulty in understanding the unitary concept when multiplying a variable with a constant. If the price of an item is in Ghana cedis and one has to find out the price of 3 of the items, students are to demonstrate understanding by multiplying the unit price by (3). This is a basic arithmetic concept however; the students could not solve word problems on it well. For instance, in the pretest question six; 
“A trader bought some bags of rice and some bags of beans for sale in his shop. Each bag of rice costs 2,250 naira. While each bag of beans costs 2,400 naira. If the trader bought 17 bags altogether and paid 39,600 naira, how many bags of beans did he buy?” 
The expected translation is x + y = 17 and 2250x + 2400y = 39,600 if  is made to represent rice and beans by .  PRT 27 wrote, total cost of one bag of rice and one bag of beans = 2250 + 2400 = 4650. The student’s lack of understanding of unitary concept resulted in solving the question as arithmetic problem and not algebra. There was no representation of beans and rice with variables which was an error and omission. The student’s translation demonstrates unitary concept error which is a basic concept. 
Also, PRT 08 presented x = bag of rice and y = bag of beans and went further to write x = 2250 and y = 2400. The student did no translation as far as the question is concerned. This is an evidence of unitary concept error and the student could not deliver on the concept successfully. It could be seen that the student did not know how to approach the question. 
The students expressed the mathematical concept on word problems in the questions that was not familiar to them and they found it difficult to translate in the interview question “which mathematical concept on word problems in the questions was not familiar to you and you found it difficult to translate?” “The question on a trader who bought some bags of rice and beans for sale in his shop” (Interviewee PRT 21, male; interviewee PRT 13, male). “Word problems on finding a number of quantities”. (Interviewee PRT 27, female; interviewee PRT 29, male; interviewee PRT 02, male). “Unitary concept”. (Interviewee PRT 36, male; interviewee PRT 31, female; interviewee PRT 08, female). The students’ responses to the interview question are indicative of the fact that the students had ideas on how the unitary concept works but its application in word problems is their challenge even though the concept is a basic concept. Therefore, it’s in place to conclude that after going through the students marked scripts and the responses from the pretest interview, it can be concluded that unitary concept errors was one of the misconceptions of the students in word problems in SLEITV. Case count of similar errors resulted in nineteen (19) out of the forty-two (42) student scripts translating to approximately 45%.
In summary, the answer to research question one (1) is; some of the difficulties and misconceptions of students were found to have included ratio and fractional related error, translation error, unsubstantiated error and unitary concept errors. In all, translational error dominated and these findings are consistent with the research findings of Roslina (1997) and Norasiah (2002). These studies found that students always make errors in solving problems in SLEITV and do not demonstrate understanding in the terms used in text because the mathematical terminologies are ignored completely.  Coincidentally, studies in the Mathematics Education Department of University of Education, Winneba, have shown similar results (Adu, 2013; Issaku, 2012). Additionally, the finding is also consistent with statements in the West Africa Examination Council’s mathematics chief examiners’ reports that most candidates had problems with solving word problems in the West Africa Senior Secondary Certificate Examination (WAEC, 2018).
Effect of the Constructivist Approach of Teaching on Students’ Achievement in Word Problems in SLEITV
The research question two sought to find out the effect of the constructivist approach of teaching on students’ achievement in word problems in SLEITV.
In order to achieve the said objective, the means of the quantitative data set were compared in determining the effectiveness of the treatment tool. That is the pre-test scores of the students were compared with the post-test scores. Preceding the paired sample t-test was a normality test to check the distribution of the data as a prerequisite for running of the paired sample t-test.

	[bookmark: _Toc44926237]Table 2: Tests of Normality

	
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	Difference
	0.124
	42
	0.107
	0.969
	42
	0.313

	


From the Table 2 above, the p-value of the Shapiro-Wilk test is 0.313 which is greater than the p-value of 0.05, therefore the data is normal. If it is below 0.05, the data significantly deviate from a normal distribution. 
Again, in order to determine normality graphically, the output of a normal Q-Q Plot is used. As it can be seen from the figure 1 below, the normal Q-Q plot, the data is normally distributed since all the data points are fairly close to the diagonal line.
[image: ]
[bookmark: _Toc44926238]Figure 1: Normal Q-Q Plot

In addition, using the box plot in figure 2 below, we could see that there are no outliers from the plot therefore the data set is normally distributed.
[image: ]

[bookmark: _Toc44926239]Figure 2: Box Plot
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[bookmark: _Toc44926240]Figure 3: Histogram

In conclusion, the results from both numeric and graphical dimensions indicate that the assumption of normality test is satisfied.
[bookmark: _Toc44926241]Paired Sample T-Test
The paired sample t-test was used to test the null hypothesis that “There is no significant difference between students’ pre-test and post-test mean scores” at 5% level of significance. Table 3 illustrates the statistics while Table 4 shows the SPSS output of the paired sample t test.  
[bookmark: _Toc44926242]Table 3: Paired Sample Statistics 
	
	
Mean
	
N
	Std. Deviation
	Std. Error of Mean

	Pair 1   Pre-test 
           Post Test 
	17.45
23.45
	42
42
	8.626
7.613
	1.331
1.175



[bookmark: _Toc44926243]Table 4: Paired Sample Test 
	
	Paired Differences
	 



t
	 



df
	 


Sig. (2-tail)

	
	


Mean
	

Std.
Dev.
	
Std.
Error
Mean
	95% Confidence
Interval of the
Difference
	
	
	

	
	
	
	
	Lower
	Upper
	
	
	

	Pair1    Pretest –       
            Posttest 
	-6.000
	2.641
	0.408
	-6.823
	-5.177
	-14.723
	41
	.000



The results from Table 3 show that the average score for the post-test (M = 23.45, SD = 7.613) was significantly higher than that for the pre-test (M = 17.45, SD = 8.63). Table 4 indicates a test statistic of -14.723 and a p-value of 0.000 with 41 degrees of freedom, which is well below the 5% significance level. This leads to the rejection of the null hypothesis in favor of the alternative, confirming a significant difference between the pre-test and post-test mean scores. The findings suggest that the improvement in post-test scores resulted from the constructivist teaching approach. This aligns with previous studies by Andam et al. (2015), Boadi et al. (2020), Gyan et al. (2021), and Atteh (2022), which demonstrated the effectiveness of constructivist methods across various subjects. In conclusion, there is strong evidence that the constructivist approach positively impacts students' abilities to solve word problems in SLEITV.

[bookmark: _Toc44926244]Student’s Learning Experiences under the Constructivist Approach of Teaching Word Problems in SLEITV as Compared to the Traditional Method
This section presents the general views of students on constructivist approach of teaching by using an interview. As indicated in the data analysis procedure, the common responses (or themes) of participants were identified and the number of students whose responses fell in a theme were noted. Table 5 presents the views of students on constructivist method of teaching.

Table 5: Student’s Experiences under the Constructivist Approach of Teaching
	

Response
	Number of respondents (N)
	
Percentage
(%)

	The method is an effective method of teaching and learning            
	16
	88.9

	The activities made concepts easy for us to understand
	14
	77.8

	The method makes it easy for me to remember all I learnt.
	
15
	
83.3

	Because understanding was better, I was able to answer questions correctly.  
	
17
	
94.0

	There was collaboration and we learnt from one another.
	15
	83.3

	I became confident to solve problems because I now understand
	
15
	
83.3



The table highlights students' positive experiences with the constructivist teaching approach. A notable 88.9% of students found the method effective, and 77.8% believed the activities simplified concepts. Additionally, 83.3% reported that the approach helped them remember what they learned, while 94.0% felt it improved their understanding, enabling them to answer questions correctly. Collaboration was also emphasized, with 83.3% of students appreciating the opportunity to learn from each other, and the same percentage felt more confident in solving problems due to enhanced comprehension. Overall, the feedback indicates strong support for the constructivist approach, particularly regarding its effectiveness, collaborative nature, and positive impact on confidence and understanding.
Supporting literature, including studies by Hitz and Scanlon (2001), Atteh (2022), and Andam et al. (2015), reinforces these findings, indicating that constructivist methods lead to improved learning outcomes, retention, and the development of critical thinking skills. Papanastasiou (2000) also found that teaching methods significantly influence students' achievement in mathematics, consistent with the results of this study.

Major Findings
The following findings were made:
1. The study identified common errors and misconceptions students encounter with word problems, including ratio and fraction-related errors, translational errors, unsubstantiated errors, and unitary concept errors.
2. The findings demonstrated that the constructivist teaching method significantly improved students' achievement in solving word problems related to SLEITV, as evidenced by higher post-test scores.
3. Interviews revealed that students expressed enthusiasm for the constructivist approach, particularly in their ability to translate word problems into mathematical statements. They showed enhanced interest in tasks, and successfully completing these tasks greatly motivated them, as they enjoyed discovering concepts independently.
Conclusion and Recommendation
The study provided valuable insights into students' challenges and successes in solving word problems related to simultaneous linear equations. It identified specific errors, including ratio and fraction-related mistakes, translational errors, unsubstantiated errors, and unitary concept errors, highlighting areas of difficulty. However, many students demonstrated the ability to effectively translate and solve basic problems involving sums and differences. The implementation of the constructivist teaching method resulted in significantly improved post-test scores, enhancing students' problem-solving abilities and creating a more engaging learning environment. Students expressed increased enthusiasm for translating word problems, indicating that this approach fostered their conceptual understanding and motivation. To ensure that Ghanaian students gain confidence in translating word problems and meet the basic school mathematics curriculum objectives, the study emphasizes the need for strategies that enhance their conceptual understanding. The findings suggest the following recommendations:

· Education authorities should conduct regular in-service training for mathematics teachers, promoting the use of the constructivist approach and best practices in teaching word problem translation.
· Mathematics teachers should facilitate collaborative work among students during lessons or projects to encourage peer learning.
· Education authorities should also train teachers on how to formulate questions that promote critical reasoning in word problem translation.
Limitation
The primary limitation of this study is its small sample size, which is drawn from a single senior high school. This narrow scope raises concerns about the generalizability of the findings, as they may not accurately reflect the experiences of all science students in different schools. Additionally, the educational context may vary significantly across institutions, with diverse teaching methods, curricula, and resources impacting student learning outcomes. As a result, the findings may not be applicable to schools with different educational practices.
This limitation highlights the need for further research involving larger, more diverse samples from multiple schools to enhance the validity and applicability of the results. Expanding the scope of future studies would provide a better understanding of the broader educational landscape and the factors contributing to student success in mathematics education.
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