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ABSTRACT 

 
This large-scale study provides evidence on pedagogical quality contributing to 

students’ science performance when examined alongside teacher, classroom, 

student, family, school, and regional factors. The sample included 286 science 
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teachers and 15,287 students from 153 public and private schools across six 
regions of Pakistan. Using validated classroom observation scales and 

achievement tests for Grades 5, 6, and 8, the study found that pedagogical quality 

is a significant predictor of science achievement. Girls, younger students, those in 

Punjab, private-school students, and students with more educated parents 
performed better. Professional qualifications showed a negative association, while 

consistent language use across textbooks, instruction, and assessment predicted 

higher outcomes. Implications for improving science teaching in the Global South 
are discussed. 

  
Keywords: Elementary school, large-scale study, predicting factors, science, 
students’ learning outcomes. 
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INTRODUCTION 
 

Students’ science learning is shaped by a constellation of influences spanning 

the classroom, school, and family environment. Within the domain of school-
controlled factors, teachers’ pedagogical practices consistently emerge as among 

the strongest predictors of student learning (Hamilton & Hattie, 2022). The 

instructional approaches teachers use determine the kinds of learning opportunities 

students encounter, making pedagogical quality central to efforts to improve 
science achievement. Given this centrality, researchers and policymakers 

increasingly call for rigorous, context-specific evidence on how pedagogical 

quality contributes to learning, particularly in systems where such evidence 
remains limited. 

In Pakistan, recent large-scale assessments have documented persistently low 

levels of science achievement (NEAS, 2016; TIMSS, 2020). While these studies 
provide important descriptive insights into student performance, they do not 

examine the contribution of observed pedagogical quality to students’ science 

learning. This constitutes a critical gap because, without understanding how 

teaching quality interacts with other influential factors, such as student 
background, classroom composition, school characteristics, and regional 

disparities, policy responses may remain fragmented and weakly targeted. 



28 

Moreover, the relationship between pedagogical quality and learning is 
unlikely to be linear or isolated. Although pedagogical quality may explain a 

meaningful share of variance in achievement, other factor baskets, including 

teacher characteristics, school type, parental education, and regional context, also 

shape learning outcomes. A comprehensive model is, therefore, needed to estimate 
the unique contribution of pedagogical quality while accounting for these 

additional influences. 

This nationwide study addresses this gap by examining whether elementary 
science teachers’ pedagogical practices predict students’ science achievement after 

controlling for relevant school-, teacher-, classroom-, and student-level 

characteristics. Particularly, the study seeks to determine the extent to which 
teachers’ pedagogical practices are associated with students’ science achievement 

in Pakistan after controlling for selected school-level (e.g., school system and 

region), teacher-level (e.g., qualifications, age, and gender), classroom-level (e.g., 

grade level and classroom gender composition), and student-level (e.g., gender and 
parental education) variables. 

LITERATURE REVIEW 

 
Large-scale assessment research has long attempted to explain variability in 

student achievement by drawing on school effectiveness frameworks (Creemers, 

1994; Kyriakides et al., 2013; Nilsen et al., 2016). These models consistently 
highlight pedagogical quality as a central driver of learning, alongside student-, 

teacher-, classroom-, school-, and home-level conditions, as illustrated in Figure 1. 

Yet, despite this consensus, most evidence, particularly from developing contexts, 

relies on perceived rather than observed classroom practices. As noted in the 
literature, “the quality of teaching is largely determined by the pedagogical 

approaches that teachers use” (Hamilton & Hattie, 2022, p. 140), yet the field still 

lacks robust, large-scale studies that capture these approaches as they unfold in 
real classrooms. 

This gap is especially pronounced in LMICs, where classroom processes are 

rarely documented through systematic observation. Existing large-scale studies 

overwhelmingly depend on teacher self‑reports or student perceptions, despite 
well‑established concerns about their validity (Croninger et al., 2012; Ahmad et 

al., 2022). Observational data, by contrast, provide access to the enacted 

pedagogical environment, including interactional patterns and instructional 
sequencing, features central to science learning but often invisible in survey-based 

studies. 

The present study responds directly to this gap by examining the contribution 
of observed pedagogical quality to students’ science performance while 

controlling for theoretically grounded baskets of variables. The following 

subsections therefore do not function as isolated summaries; rather, they justify 
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why each variable group is necessary to isolate the unique effect of pedagogy in 
the Pakistani context. 

 

Figure 1 

Conceptual Framework of the Study 

 
 
Pedagogical Quality 

 

Pedagogical quality is widely recognised as a central determinant of students’ 

learning opportunities because it reflects how teachers design, sequence, and enact 
instruction in real time (Fischer et al., 2020). High-quality science instruction 

typically involves guided collaborative learning, purposeful questioning, active 

student engagement, and coherent lesson progression, features consistently 
associated with improved learning outcomes across contexts (Blömeke et al., 2016; 

Hamilton & Hattie, 2022). In science specifically, participatory pedagogies enable 

students to make sense of abstract concepts, build conceptual links, and retain 
information more effectively (Cairns, 2019; Holzberger et al., 2020). 

Despite this consensus, most empirical studies linking pedagogical quality to 

achievement rely on perceived rather than observed teaching (Fischer et al., 2020; 

Zhang et al., 2022). This reliance is especially pronounced in LMICs, where 
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large‑scale studies rarely incorporate systematic classroom observation. Yet 
observational data are essential because they capture the enacted instructional 

environment, including teacher–student and peer interactions, that cannot be 

reliably inferred from self‑reports (Croninger et al., 2012; van de Grift, 2014). As 

noted in methodological critiques, independent observation helps “unveil what is 
happening inside the classroom” beyond the limitations of perceived information 

(Ahmad et al., 2022; Fraenkel et al., 2015). 

This study therefore addresses a critical gap by examining observed 
pedagogical quality in elementary science classrooms and its association with 

students’ learning outcomes. To isolate its unique contribution, the subsequent 

sections outline the theoretically grounded teacher, classroom, student, home, and 
school factors that must be accounted for when modelling variability in science 

achievement. 

A teacher has a pivotal role in enhancing students’ performance as 

pedagogical strategies used in the classroom shape learning opportunities for 
students. The teacher takes decisions about the selection of teaching techniques, 

designing activities, developing materials, time allocation for each activity, and 

involving students in discussion through various approaches, which has impact on 
students’ performance (Fischer et al., 2020). While synthesising systematic 

reviews on students’ learning in Lower-and-Middle Income Countries (LMICs), 

Hamilton and Hattie, (2022) reported that “the quality of teaching is largely 
determined by the pedagogical approaches that teachers use” (p.140) and how it 

situates in the context and subject. Effective pedagogical quality in general and 

particularly in science encompasses collaborative learning in a guided manner, 

questioning strategies, active involvement of students, effective teacher-students 
and students-students interaction and appropriate sequencing in the delivery of 

lessons, which positively affect students’ learning (Blomeke et al., 2016). 

Regardless of discipline, several high-impact teaching strategies mentioned above, 
were found to be significantly contributing to students’ performance (Hamilton & 

Hattie, 2022). Arguably, participatory pedagogies play a fundamentally important 

role in teaching science for students to not only grasp the abstract concepts but 

retain the information and make logical links within and across content, hence 
augmenting  

 

Teacher Factors 

 

Teacher characteristics shape both the quality of instruction and the learning 

opportunities available to students, making them essential controls when 
estimating the unique effect of pedagogical quality. These characteristics are 

commonly grouped into acquired attributes, such as academic qualification, 

professional preparation, and teaching experience, and sociodemographic 

attributes, including gender (Coenen et al., 2017). 
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Academic and professional qualifications influence teachers’ content 
knowledge and pedagogical repertoire, although findings remain mixed. While 

several studies report positive associations between academic qualification and 

student achievement (Gess‑Newsome et al., 2019; Oppermann et al., 2021), others 

find no significant effect (Coenen et al., 2017; Zhang et al., 2022). Professional 
preparation and ongoing development can enhance teachers’ capacity to engage 

students and implement effective instructional strategies (Bhai & Horoi, 2019; Li 

et al., 2021), yet evidence from some contexts shows limited or no direct 
relationship with achievement (Jacob et al., 2017; Teodorović et al., 2021). These 

inconsistencies underscore the need to control for qualification‑related factors 

when examining the contribution of observed classroom practice. 
Teaching experience is another widely studied predictor. Early‑career 

experience is often associated with substantial gains in teacher effectiveness, but 

this effect tends to plateau after the first decade (Hsu et al., 2007). Explanations 

include the need for continuous updating of subject knowledge and pedagogical 
skills in rapidly evolving fields (Liu et al., 2010) and the potential stagnation 

associated with routine teaching (Karakose et al., 2023). Given its non‑linear 

relationship with achievement, experience must be accounted for to avoid 
confounding its effects with those of pedagogical quality. 

Teacher gender, a key sociodemographic characteristic, has produced 

inconsistent findings globally (Li et al., 2021; Larry & Wendt, 2021). However, 
studies in several developing contexts, including Pakistan, indicate a performance 

advantage for students taught by female teachers (Joshi et al., 2022; Lee et al., 

2018). Including gender in the analytical model is therefore necessary to ensure 

that any observed differences in student outcomes are not misattributed to 
pedagogical quality. 

In summary, these teacher-level variables are included not as competing 

explanations but as necessary controls that allow this study to more precisely 
estimate the unique contribution of observed pedagogical quality to students’ 

science achievement. 

 

Classroom Factors 

 

Classroom-level conditions shape both the opportunities teachers can create 

and the ways students engage with science learning. In this study, two variables, 
medium of instruction and grade level, are included as essential controls to ensure 

that the estimated effect of observed pedagogical quality is not confounded by 

structural features of the learning environment. 
The medium of instruction is widely recognised as a key quality indicator, 

though evidence remains mixed. A consistent theme across research is that 

teaching in a familiar or first language enhances classroom interaction, supports 

higher‑order questioning, and improves conceptual understanding in science (Fung, 
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2020; Prinsloo & Harvey, 2018; Pun & Macaro, 2019). Students in classrooms 
where teachers use the local language often demonstrate stronger performance 

(Fernández‑Sanjurjo et al., 2019; NEAS, 2016). However, inconsistency between 

the language of instruction and the language of assessment can hinder students’ 

ability to interpret test items and construct appropriate responses (Mose, 2019). 
Given these dynamics, medium of instruction must be accounted for when 

examining the contribution of classroom interaction patterns to learning outcomes. 

Grade level is another important classroom variable. Although achievement 
is often assumed to improve as students’ progress through school, numerous 

studies, including those from Pakistan, report a decline in science performance in 

higher grades (Ainley et al., 2020; NEAS, 2016; Rosario et al., 2013). This pattern 
is frequently attributed to decreasing motivation, self‑efficacy, and interest in 

science as students grow older (Potvin & Hasni, 2014; Toma et al., 2019). Because 

these motivational shifts can influence how students respond to instructional 

practices, controlling for grade level is necessary to avoid misattributing 
grade‑related differences to pedagogical quality. 

In summary, these classroom factors are included not as competing 

explanations but as contextual conditions that allow the study to more precisely 
estimate the unique effect of observed pedagogy on students’ science achievement. 

 

Student Factors 

 

Student characteristics shape how learners engage with instruction and 

respond to pedagogical practices, making them essential controls when estimating 

the unique effect of observed pedagogical quality. In this study, two widely 
examined predictors, gender and age, are included to account for baseline 

differences in learning outcomes. 

Student gender has long been associated with variation in classroom 
participation and academic performance, yet findings remain inconsistent. Some 

studies report an advantage for girls (Shah et al., 2020), others for boys (Lau & 

Lam, 2017), while several identify no meaningful differences (Sarouphim & 

Chartouny, 2016; Tsai & Yang, 2015). Given this variability, gender must be 
controlled to ensure that any observed differences in science achievement are not 

misattributed to pedagogical quality. 

Age is another important predictor, with large-scale assessments, including 
those in Pakistan, consistently documenting an inverse relationship between age 

and science performance (NEAS, 2016; TIMSS, 2020). Although counterintuitive, 

this pattern is frequently explained by declining motivation, interest, and self-
efficacy as students grow older (Toma et al., 2019). These attitudinal shifts are 

strongly linked to achievement (Wang & Liou, 2017; Zhang & Bae, 2020), 

suggesting that age operates as a proxy for underlying motivational processes that 

influence how students respond to instruction. 
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By including gender and age as student‑level controls, the study ensures that 
the estimated contribution of pedagogical practices reflects differences in teaching 

rather than pre‑existing differences among learners. 

 

Home Factors 

 

Home-level conditions play a significant role in shaping students’ learning 

trajectories, and controlling for them is essential when estimating the unique effect 
of observed pedagogical quality. Among the various home-related predictors, such 

as socio-economic status, parental involvement, and parental occupation, parental 

education consistently emerges as the strongest and most stable indicator of student 
achievement (Fischer et al., 2020; O’Connell, 2019; Wilberg & Rolfsman, 2019). 

For this reason, it is included as the key home-level variable in this study. 

The positive association between parental education and student performance 

is often explained through the quality and nature of informed parental involvement. 
More educated parents tend to hold positive attitudes toward schooling, maintain 

higher expectations, and engage more proactively with their children’s learning 

(Jeynes, 2015; Xiang & Chiu, 2021). They are also more likely to monitor school 
progress, understand curricular demands, and provide academic support when 

needed (Symeou, 2007; Mahuro & Hungi, 2016). These behaviours create a home 

environment that reinforces learning and shapes how students respond to 
classroom instruction. 

By accounting for parental education, the study ensures that differences in 

science achievement are not confounded by variations in home support, thereby 

allowing a more precise estimation of the contribution of pedagogical practices 
enacted inside the classroom. 

 

School Factors 

 

School-level conditions shape the organisational environment in which 

teaching and learning occur, making them essential controls when estimating the 

unique effect of observed pedagogical quality. Two structural features, school 
system (public vs. private) and school location (urban vs. rural), have been widely 

examined in relation to student achievement. 

A substantial body of research shows that students in private schools often 
outperform their public‑school counterparts across core subjects, including science 

(ASER, 2020; Baum & Riley, 2019; NEAS, 2016; Smith‑Wooley et al., 2018). 

Explanations typically point to differences in teacher accountability, instructional 
support, resource availability, and school‑level management practices (Akhter, 

2017; Thapa, 2015). These patterns are also reflected in parental preferences: 

families who can afford private schooling frequently choose it due to perceptions 
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of higher instructional quality and stronger academic support (Ahmed et al., 2013; 
Andrabi et al., 2008). 

Public schools, by contrast, often face systemic challenges, including limited 

facilities and weaker accountability structures, that can constrain teaching quality 

and student learning (Awan & Zia, 2015). Similarly, urban-rural disparities in 
infrastructure, teacher supply, and learning resources can influence achievement 

patterns independently of classroom instruction. 

By controlling for school system and location, the study ensures that 
differences in science performance are not confounded by broader institutional 

conditions, thereby allowing a more precise estimation of the contribution of 

pedagogical practices enacted inside classrooms. 

STUDY CONTEXT 

 

Pakistan is among the countries that constitutionally own the responsibility of 

providing free and compulsory education. The article 25-A of the national 
constitution 1973 states: “The State shall provide free and compulsory education 

to all children of the age of five to sixteen years in such manner as may be 

determined by law”. Compulsory education is divided into three broad levels (pre-
primary, elementary, and secondary & higher secondary), whereas the elementary 

level, which is the focus of this study, comprises primary and middle grades (Grade 

I to VIII). Furthermore, the government and private sectors are the main providers 
of education across the country, which have distinct teachers’ recruitment policies. 

In the government sector, the eligibility criterion for recruiting elementary school 

teachers is a bachelor’s degree (14 years of education) in any subject. Professional 

qualification, on the other hand, has witnessed various reforms in the last two 
decades. One of these reforms replaced traditional certifications of teacher 

education with a more comprehensive degree programme of a longer duration. 

Nevertheless, the current teaching workforce in the government sector is 
dominated by the graduates of traditional certification. Contrarily, recruitment 

guidelines in the private sector vary across schools because of their independent 

status. In general, ‘low-fee schools’ recruit teachers with lower qualifications for 

lower wages, while elite schools prefer to appoint qualified teachers with master’s 
degrees. However, professional qualification is not compulsory to recruit teachers 

in private schools. In the context of this study, science teachers at elementary 

grades are those who have been assigned the responsibility of teaching science 
regardless of their academic background in the subject. 

As far as the teaching of science is concerned, regardless of the school system, 

it is taught as a separate and core subject until elementary grades. The science 
textbooks for these grades are developed in light of standards determined by the 

national curriculum, which aims to develop scientifically literate individuals by 

engaging them in inquiry-based and student-centred learning (Government of 
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Pakistan, 2006). Almost all private schools use textbooks which are printed in 
English language. In government schools, on the flip side, there is no consistency 

in the language of textbooks; for example, in some regions, government schools 

use science textbooks which are published in English, whereas in some 

geographical areas, national (i.e., Urdu) or regional (e.g., Sindhi) languages are 
used as the medium of textbooks. The four content strands (Biology, Chemistry, 

Physics, and Earth Sciences) are constantly represented in all textbooks.  

 

RESEARCH METHOD 

 

This paper is extracted from a nationwide survey (2018-2022) of pedagogical 
practices of elementary (Grade 5, 6 & 8) science and mathematics teachers and 

their students’ achievement in these subjects across Pakistan. The three grades 

were strategically selected to capture a holistic picture of teaching and learning in 

the country. For example, grade 5 and 8 are the exit points of primary and 
elementary schooling, respectively. Whereas grade 6 is the entrance point of 

elementary grades where many students from feeding primary schools move to 

middle or high schools. Therefore, it was important to consider such variation in 
grades in order to have a more holistic picture of elementary grades. The focus of 

this paper is only on science, with an aim to answer the posed research question 

cited earlier. 

Sample 

 

A multi-stage stratified sampling technique was used to recruit 286 science 

teachers and their 15,287 students enrolled in three target grades from 153 schools 
of 25 randomly selected districts across six regions of Pakistan (i.e., Punjab, Sindh, 

Khyber Pakhtunkhwa, Balochistan, Gilgit Baltistan and Azad Jammu & Kashmir). 

Importantly, proportionate representation based on the population of each region 
was ensured in the sample selection. Furthermore, the sample represents 

government (51%) and private (49%) schools almost equally. 

Of the 286 teachers, higher representation (56%) from government schools is 

a manifestation of a larger workforce serving in the government sector. Moreover, 
females were overrepresented (65%) in the sample, which reflects gender 

proportion in the teaching workforce in Pakistan (NEMIS, 2018). On average, 

sample teachers have working experience of 11 years (SD=9.4), ranging from 0.5 
to 35 years. In terms of academic qualification, nearly three-quarters of the 

teachers reported to have attained a master’s degree or above. It is important to 

note that the academic qualification shows highest level of degree attained by the 
teachers, regardless of the subject. Similarly, more than eighty percent of the 

teachers have attained professional qualifications, including certificate, B.Ed, and 

M.Ed.  
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Of the 15,287 students, government schools represent a higher (61%) 
proportion mirrors the enrolment patterns in the population (Pakistan Education 

Statistic, 2018). The sample students have almost equal representation across 

grades. A little more than half (52%) of the students were boys. The mean age of 

students for the whole sample was 12.8 years (SD=1.7). Moreover, a relatively 
higher proportion of fathers (20%) reported to have attained a higher qualification 

(bachelor's and/or master's) than mothers (13%). 

Data Collection Instruments 

 

Data were collected from two sources, teachers, and their students in target 

grades using two types of instruments: one designed specifically for classroom 
observation of teachers and the other intended to assess students’ achievement in 

science. Additionally, demographic information was gathered by adding 

demographic sections in the classroom observation scale (e.g., teachers’ 

qualifications, class size, lesson duration) and students’ achievement tests (e.g., 
gender, age, parents’ qualifications).   

 

Classroom Observation Scale (COS) 
In order to assess the pedagogical quality of selected science teachers, their 

science lessons were observed using a contextually valid and reliable 3-point COS. 

The rubric refers to three levels of quality including inadequate (1); adequate (2); 
and good (3) as represented in Appendix A. Inadequate (1) describes classroom 

practice that does not meet the basic criteria of provision and teaching/learning 

practices (e.g., unavailability of basic material; no efforts for the active 

involvement of children; harsh discipline) in an elementary classroom. The 
adequate (2) ratings usually focus on the provision of some basic material; some 

use of active methods to involve children; and some instances of high-order 

questions. The good (3) ratings required a supportive environment for interactions; 
a range of teaching strategies to maximise children’s involvement in active 

thinking; and group work to enhance collaborative learning.  

The classroom observation scale comprised 15 items in a rubric format. Of 

the 15 items, thirteen items assess various aspects of classroom quality including 
physical set-up (e.g., indoor space, classroom display), classroom interaction (e.g., 

teacher-child interactions, supervision), and teaching and learning methods (e.g., 

peer learning/group work, active involvement of students). These quality 
indicators were used to gauge the extent to which students and teachers participate 

together in the teaching-learning process. Whereas the remaining two items in the 

COS were defined as checklists in order to record a variety of active methods (e.g., 
questioning, demonstration, role-plays) and classroom management strategies 

(e.g., whole class, group/pair work). Additionally, COS included a section to 
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capture demographic information. In the present study, Cronbach’s alpha 
coefficient for COS was found to be within an acceptable range (0.79).  

 

Science Achievement Tests (SATs) 

 
Contextually valid and reliable Science Achievement Tests (SATs) were 

adapted for assessing students’ performance. The weightage of items in terms of 

content (i.e., Biology, Physics, Chemistry, and Earth sciences) and cognition levels 
(i.e., knowledge, application, and reasoning) was aligned with National 

Curriculum 2006. The test items included Multiple Choice Questions (MCQs) and 

Constructed Response Questions (CRQs). All SATs consisted of 30 questions 
except grade five which had 20 items. Considering the variety of languages of 

textbooks in sample schools, three variants of SATs were administered (i.e., 

English, Urdu, Sindhi). The questions in the SATs represent a broad spectrum of 

difficulty ranging from ‘very difficult’ to ‘very easy’. The Cronbach’s Alpha, 
computed for the three SATs, indicated acceptable internal consistency among 

items (G5=0.60; G6=0.82; G8=0.69). 

Data Collection Procedure 

 

The study commenced in the mid of 2018 and was concluded in 2022. The 

fieldwork for this study was carried out between October 2018 and January 2020, 
following all ethical considerations committed to the university's Ethical Review 

Committee (4200-IED-ERC-16). In order to maintain consistency in implementing 

the COS, two research associates were trained to observe science teaching across 

the country. These two research associates developed inter-rater reliability with the 
first of author and reached an acceptable threshold of 80% before they make 

independent observations (Graham et al., 2012; Reynolds et al., 2009). Each 

participant teacher was observed once while teaching a science lesson and scored 
based on COS items. Formal observations of each lesson lasted for 35 to 40 

minutes, depending on the individual schedule of the schools. The COS rubric was 

used for scoring items. It provides space to assign a numeric score for each item. 

The keywords (e.g., floor swept, lesson started with a quiz, monitoring of all 
groups, interacting with a few children, appreciate children’s work, children’s 

questions not invited) were written next to each item in the comment box for any 

given score to be fully explained. SATs were administered by fifty research 
assistants, hired locally in each district. The research assistants were oriented to 

administer SATs in a standardised manner under the supervision of research 

associates. Importantly, the lead researchers visited various regions randomly to 
monitor the data collection process. 
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Analysis 

 

The data obtained in this study were analysed using SPSS V.25. Students’ 

responses in each test were re-coded in a way that each correct response received 

one mark, and each incorrect response was coded as zero. Using this coding 
scheme, all SATs, save grade 5, carried 30 marks. The maximum score assigned 

to the Grade 5 SAT was 20. The total raw scores were converted to mean 

percentage to equate scores across grades. Similarly, the overall mean score was 
computed for COS in order to present pedagogical quality in science classrooms 

across Pakistan. The mean percentage SATs score, and mean COS score were used 

as an outcome and the main explanatory variable in the multivariate model, 
respectively.  

After an initial exploration of teachers’ and students’ data, Multiple Linear 

Regression (MLR) was employed to answer the research question, which refers to 

one outcome (i.e., students’ SAT score) and multiple explanatory (e.g., 
pedagogical quality, teachers’ qualification, school system, class level, 

geographical regions) variables or factors (Field, 2013). Bivariate correlation was 

an initial step to explore associations between outcome variables and potential 
factors targeted in this study. After exploring the association through bivariate 

analysis six MLR models were developed separately for six baskets of factors (i.e., 

teacher, class, students, parents, school, and region). Those variables that appeared 
significant in the bivariate correlation were added to the six multivariate models. 

Score on pedagogical quality remained constant for each model. Finally, a 

parsimonious regression model was built using those variables which retained 

significance in the six individual models. The quality of classroom pedagogy was 
entered in the parsimonious model as a main variable to explore its contribution to 

students’ achievement, while controlling for other baskets of factors. Residuals for 

the model were examined for the assumptions of normality, linearity, and 
homoscedasticity in order to reduce the chances of drawing biased conclusions 

from the results (Allison, 1999; Field, 2017; Tabachnick & Fidel, 2019). Further, 

multicollinearity was also assessed using values of Variance Inflation Factor (VIF) 

and Tolerance (Allison, 1999; Field, 2017). All the assumptions were met. This 
paper presents results of the parsimonious model.  

 

RESULTS 

 

The section is organised in two sub-sections to present results of descriptive 

analysis followed by findings of multivariate modelling. 
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Descriptive Analyses of Students’ Learning Outcomes and Pedagogical 

Quality 

 

Students’ performance in science was low nationwide, with an average score 

of 34% (SD = 16) on the SAT, indicating limited mastery of curriculum‑aligned 
concepts. Performance varied across content domains: students showed 

comparatively stronger understanding in biology (M = 40, SD = 21), followed by 

physics (M = 33, SD = 19) and earth science (M = 29, SD = 33), while chemistry 
emerged as the weakest area (M = 26, SD = 22). A similar pattern appeared across 

cognitive domains. Students performed best on knowledge‑level items (M = 38, 

SD = 19), with performance declining on application (M = 35, SD = 19) and 
reasoning tasks (M = 26, SD = 21). These patterns suggest that while basic recall 

is relatively secure, students struggle to apply or extend scientific ideas, an 

important insight for instructional design and curriculum alignment. 

Classroom observations revealed consistently low pedagogical quality (M = 
1.28, SD = 0.24 on a 3-point scale), pointing to a system‑wide pattern rather than 

isolated weaknesses, as illustrated in figure 2. Although teachers generally 

maintained supportive interactions and avoided harsh discipline, the instructional 
core was characterised by teacher-centred, whole-class delivery. Opportunities for 

active learning, peer interaction, problem-solving, or student‑initiated inquiry were 

rare. Material use was minimal, and feedback tended to be confirmatory rather than 
constructive. 

Rather than variation across individual indicators, the broader pattern reflects a 

narrow instructional repertoire dominated by lecture-style teaching with limited 

engagement of students in meaning-making processes. This systemic instructional 
profile provides essential context for interpreting the multivariate results, 

particularly the contribution of observed pedagogical quality to students’ science 

achievement. 
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Figure 2 
Item-Wise Analysis of the Observational Scale 

 

 
 

Predictors of Student Performance 

 

Table 1 presents the results of a parsimonious model developed to explore 

factors (i.e., teacher, class, parents, students, school, and region) that predict 

students’ performance in science, over and above the pedagogical quality of the 

classroom. 

Table 1 

Factors Predicting Students’ Learning Outcomes in Science 

 
 

Predictors 

Regression 

coefficient 

Beta 

coefficient 

  (Constant) 20.921        - 

Pedagogical 

quality  

Classroom practice score  

(3-point scale) 
4.918 0.066*** 

Teacher 

Gender  

(Male=1; Female=2) 
 0.600 0.019 

Academic qualification  

(Bachelor =1; Masters=2) 
-0.422 -0.012 

Professional qualification  

(No=0; Yes =1) 
-3.204 -0.084*** 

1.63

1.25

1.19

1.44

2.31

1.19
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Predictors 

Regression 

coefficient 

Beta 

coefficient 

Teaching experience 

(in years) 
-0.116 -0.069*** 

Class 

Instructional time 

(in minutes) 
0.028 0.015 

Consistency in language   

(Inconsistent=0; Consistent=1) 
5.502 0.177*** 

Grade 6^ 3.909 0.123*** 
Grade 8^ -6.017 -0.179*** 

Parents 

Father Education^^  
(High School) 

0.288 0.009 

Father Education (Bachelor) 1.566 0.031** 
Father Education (Master) 1.963 0.037** 

Mother Education^^  
(High School) 

-0.128 -0.004 

Mother Education (Bachelor) 4.547 0.070*** 

Mother Education (Master) 6.728 0.099*** 

Student 

Student Gender  

(Boy=1; Girls=2) 
1.355 0.044** 

Student Age -0.671 -0.072*** 

School 
School Type  

(Public=1; Private=2) 
7.131 0.217*** 

Region 

Punjab^^^ 8.576 0.266*** 

Sindh 0.059 0.002 

Khyber Pakhtunkhwa 1.029 0.018 

Gilgit Baltistan 2.146 0.033** 

Azad Jammu & Kashmir -1.759 -0.026* 

 Adjusted R2   0.315 

Analysis of Variance  134.34*** 

Reference Category:^Grade 5;^^No or basic schooling;^^^Balochistan 

*p<0.05;**p<0.01;***p<0.001  

 

Overall, the model explained 31.5% of the variance (F=134.34; R2 = 0.315) 
in the total mean science scores. The multivariate model showed that the quality 

of classroom practice has positively contributed (ß=0.066; p<0.001) to predicting 

students’ performance, over and above other covariates. More precisely, students 
would learn better in classrooms where teachers play an active role in: delivering 

the content using appropriate resources; encouraging them to take the initiative 

either individually or collaboratively; looking for opportunities to scaffold students’ 

learning by inviting their ideas; and appreciating their efforts. 
Furthermore, of the four predictors entered in the basket of teacher factors, 

only professional qualification (ß= -0.084; p<0.001) and teaching experience (ß= 

-0.069; p<0.001) have contributed significantly to students’ performance. The 
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negative coefficient for both variables indicates that those teachers who have no 
professional qualification and are relatively ‘younger’ in the profession tend to 

yield better learning outcomes. 

Of the three variables added in the basket of class factors only two have 

contributed in the model. These include consistency in the use of language and 
grade level. The variable “consistency in the use of language” explains 

synchronisation in the use of language across textbook, classroom teaching, and 

assessment and it has contributed positively to students’ performance (ß =0.177; 
p<0.001). This intriguing finding unveiled that a consistent use of the ‘same 

language’ (regardless of native or second language) in three media would lead to 

better learning outcomes. Interestingly, students in grade 6 (ß =0.123; p<0.001) 
have demonstrated better performance as compared to grade 5, while the 

performance declines as the students progressed to grade 8 (ß= -0.179; p<0.001).  

Results of the variables in the basket of parents’ qualification revealed that 

parents’ education has contributed positively to their children’s performance. 
Evidence exhibited an upward trend which is more visible beyond secondary 

school education of parents. Obviously, there are considerably higher gains in 

children’s scores for those parents who have attained a university-level 
qualification. Mothers’ education at bachelor (ß =0.070; p<0.001) and master (ß 

=0.099; p<0.001) levels of qualification seems to have made more contribution as 

compared to fathers (Bachelor, ß =0.031; Master, ß =0.037; p<0.001 for both).  
A scan of the rest of the baskets of factors revealed that girls have significantly 

performed better than boys (ß =0.044; p<0.01). In contrast, a negative coefficient 

ß =-0.072; p<0.001) for ‘age’ explains that students’ conceptual understanding 

declines with an increase in their age in years. Moreover, enrolment of students in 
private schools predicts better performance than their counterparts in government 

schools (ß =0.217; p<0.001). It is important to note that system of school is one of 

the strongest predictors of students’ performance after region. Of the five regions, 
compared against Balochistan, Punjab has demonstrated the strongest positive 

contributions in students’ achievement (ß =0.266; p<0.001) followed by GB (ß 

=0.033; p<0.01). Contrarily, a negative coefficient in the case of AJ&K (ß = -

0.026; p<0.05) illustrates low performance of students in this region as compared 
to Balochistan. 

DISCUSSION 

 
This large-scale study provides robust evidence that pedagogical quality is a 

significant predictor of students’ science performance in Pakistan. Classrooms 

characterised by participatory, engaging, and scaffolded instruction were 
associated with higher achievement, reinforcing international findings that 

emphasise the centrality of instructional quality in shaping learning (Akiba & 

Liang, 2014; Jacob et al., 2017; Teodorović et al., 2021). These results underscore 
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the importance of strengthening everyday teaching practices as a core strategy for 
improving science learning. 

A notable set of findings concerns teacher qualifications and experience. 

Academic qualification showed no association with achievement, while 

professional qualification and teaching experience were negatively associated with 
student performance. Although counterintuitive, these patterns are consistent with 

studies reporting weak or inconsistent links between formal qualifications and 

student learning outcomes (Barasa, 2020; Telese, 2012; Wiseman & Al‑Bakr, 
2013; Zhang & Campbell, 2015). In the Pakistani context, however, this finding 

must be interpreted with particular caution. Many teacher education programmes 

have long been criticised for outdated curricula, limited practicum opportunities, 
and weak quality assurance mechanisms (Ansari, 2026; USAID, 2006, 2010). 

Although major reforms introduced the B.Ed. (Hons) programme in 2010, only a 

small proportion of graduates from these newer, more rigorous programmes have 

entered the teaching workforce. As a result, many “professionally qualified” 
teachers may hold older credentials that do not reflect contemporary pedagogical 

standards, while younger or unqualified teachers may be more adaptable, 

motivated, or aligned with recent instructional expectations. This contextual 
landscape helps explain why professional qualification may show a negative 

association in cross-sectional models and underscores the need to avoid 

overgeneralising this pattern. 
The negative association with teaching experience should also be interpreted 

carefully. One plausible explanation is the rapid evolution of scientific knowledge: 

without sustained professional development, teachers’ content knowledge can 

become outdated, given that scientific fields have an estimated half‑life of five to 
ten years (Crow, 1989; Robinson, 2011). Experience alone does not guarantee 

improved instructional practice; rather, it is the combination of experience and 

ongoing professional learning that supports teaching effectiveness (Rice, 2010). 
These findings therefore highlight system‑level issues related to professional 

development and credential quality, rather than suggesting that experience or 

qualification are inherently detrimental. 

Another striking finding relates to language consistency. Students performed 
better when the same language was used across textbooks, instruction, and 

assessment. This contributes new evidence to long‑standing debates on the 

medium of instruction. While research consistently highlights the benefits of 
home‑language instruction for participation and conceptual understanding (Fung, 

2020; Prinsloo & Harvey, 2018), this study suggests that inconsistency, rather than 

the choice of language itself, may be particularly detrimental. When classroom 
instruction occurs in one language but assessments are administered in another, 

students may struggle to interpret questions even when they understand the 

underlying concepts. This highlights the importance of language alignment in 

multilingual systems. 



44 

The grade-level pattern also warrants attention. Students in Grade 6 
outperformed those in Grade 5, but performance declined sharply by Grade 8. The 

downward trend is consistent with international evidence showing decreasing 

achievement and motivation as students progress through schooling (Ainley et al., 

2020; Rosario et al., 2013; Potvin & Hasni, 2014; Toma et al., 2019). Possible 
explanations include reduced student engagement, increased curriculum difficulty, 

or less interactive pedagogy in upper grades. The Grade 6 performance bump likely 

reflects the transitional nature of this stage, when students from multiple primary 
schools converge into middle schools. Differences in curriculum alignment, 

assessment practices, or teacher expertise at this transition point may temporarily 

elevate achievement. Because these explanations remain tentative, the Grade 6 
effect should be interpreted as a signal that system‑level transitions deserve further 

investigation. 

Parental education emerged as a strong and consistent predictor of 

achievement, with mothers’ education exerting a particularly pronounced 
influence. This aligns with international evidence linking parental education to 

informed involvement, positive attitudes toward schooling, and enhanced 

academic support at home (Jeynes, 2015; Mahuro & Hungi, 2016; Wilder, 2014; 
Xiang & Chiu, 2021). These findings reinforce the importance of family 

educational capital in shaping learning trajectories. 

Student-level factors also played a role. Girls outperformed boys, echoing 
studies that report gender advantages for girls in science achievement in some 

contexts (Shah et al., 2020). The negative association with age suggests that 

students who are older for their grade may be experiencing academic difficulties 

or motivational decline, consistent with literature documenting reduced interest in 
science as students grow older (Toma et al., 2019; Wang & Liou, 2017). 

Finally, school and regional disparities were substantial. Students in private 

schools performed significantly better than those in public schools, a pattern 
widely documented in Pakistan and internationally (NEAS, 2016; Baum & Riley, 

2019; Singh, 2014; Thapa, 2015). This advantage likely reflects a combination of 

endogenous factors (e.g., teacher accountability, in-house professional 

development, classroom support) and exogenous factors (e.g., socioeconomic 
status, parental support, access to tutoring) (Awan & Zia, 2015; Institute of Social 

and Policy Sciences, 2010). Regionally, Punjab demonstrated the strongest 

positive association, while AJ&K lagged behind, highlighting persistent 
geographic inequalities in educational provision and opportunity. 

CONCLUSION 

 
This study provides nationwide evidence from Pakistan on how pedagogical 

quality, alongside teacher, classroom, student, school, and regional factors, 

predicts students’ science achievement. Rather than portraying a bleak picture of 
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science education, the findings offer a diagnostic lens for strengthening 
instructional quality and learning outcomes in a developing-country context. As 

Pakistan moves toward achieving SDG-4, the results underscore that improving 

science education requires more than curriculum reforms or assessment changes; 

it demands sustained attention to teaching quality, teacher preparation, and 
classroom-level supports. 

The study highlights several actionable implications. First, the strong 

association between pedagogical quality and achievement reinforces the need to 
prioritise teacher preparation, induction, and continuous professional development. 

Second, the finding that language consistency across textbooks, instruction, and 

assessment predicts higher achievement offers a pragmatic direction for policy in 
multilingual systems. Rather than debating the “right” medium of instruction, 

policymakers should focus on ensuring alignment across learning materials, which 

directly supports students’ conceptual understanding in science. 

To advance science learning, it is essential to mobilise resources for high-
quality professional development that equips teachers to foster scientific literacy 

and 21st century skills. Equally important is the need for rigorous process- and 

outcome-oriented research to inform policy and practice. Educational policies 
should be treated as dynamic, evidence-informed processes rather than static 

directives. 

This study has limitations that should guide future research. The cross-
sectional design does not allow causal inference, and teachers were observed only 

once, which may not fully capture typical instructional practice. Although 

observations were standardised through a validated tool and trained observers, 

multiple observations across the school year would yield a more comprehensive 
picture of pedagogical quality. The nested structure of the data could, in principle, 

have been analysed using multilevel modelling; however, the limited number of 

cases within school‑level clusters made such analysis unfeasible. Future studies 
could also incorporate additional variables, such as teachers’ content knowledge, 

beliefs about science teaching, students’ socioeconomic status, motivation, and 

school leadership practices, to deepen understanding of the mechanisms shaping 

science learning as well as conduct multilevel modelling to analyse nested data. 
Despite these limitations, the study establishes a baseline for future 

longitudinal and intervention‑based research in Pakistan and similar contexts in 

the Global South. By identifying the factors most strongly associated with science 
achievement, it provides a foundation for targeted reforms aimed at improving the 

quality of science teaching and learning. 
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